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A flowmeter comprising a thermocouple and a current source for causing a temperature difference between the two junc-
tions (24, 25) of the thermocouple. The thermocouple is connected to the current source (37) through a switch (36), a control input
on the switch (36) being connected to a control device (35), also controlling a measuring circuit (34), which on its input port re-
ceives a signal representing the e.m.f. of the thermocouple (24, 25) during the periods of time where the current from the current
source (37) to the thermocouple (24, 25) has been interrupted by the switch (36). The current source (37) and the hot and the cold
junction of said thermocouple (24, 25) all are connectable in series by the control device (35) through the same two conductors

(21,.22) also connected to the measuring circuit (33, 34).
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Title: A flowmeter

Technical Field

The present invention relates to a flowmeter comprising a
thermocouple and a current source for causing a temperature
difference between the two junctions of the thermocouple,
and wherein the thermocouple is electrically communicating
with the current source through a controlled switch alter-
nately closing and breaking a current, and wherein a
control input on the controlled switch is connected to a
control device also controlling a measuring circuit, which
on its input port receives a signal representing the e.m.f.
of the thermocouple during the periods of time where the
current from the current source to the thermocouple has

been interrupted by the controlled switch

Background Art

UsS-PS No. 3,485,099 discloses a fluid flow responsive
apparatus comprising a thermocouple having both its junc-
tions in the fluid, and means for periodically heating
one of the junctions. An output circuit responds to the
thermocouple EMF produced between the heating periods.
The thermocouple EMF depends on the rate of flow of the
loss of heat at the heated junction and depends thus omn
the rate of flow of the fluid. Similar apparatuses are
disclosed in DE-A No. 1 928 228, DE-A No. 1 648 006, US-
PS 1,996,943, and US-PS No. 4,240,441. Typically the
flowmeters comprise a probe including one or two thermo-
couples and a heating coil and reference means connected
through a cable to associated electronic equipment includ-
ing a current source, a control means, switching means,

and measuring means.

Especially the medical industry presents a demand for

very small probes and connecting cables to the flowmeters.
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All the known systems require several electrically conduct-
ing wires between the probe of the flowmeter and the
associated electronic equipment. Typically eight conductors
are used in a connecting cable between a probe and the
electronic equipment, as the heating coil, a reference
means, and an active sensor all need connections includ-
ing connections to the ground. In addition a demand has
arisen'forra diminution and preferably a complete omission

ofl & supply of heat.

Disclosure of Tnvention

The object of the present invention is to provide a flow-
meter comprising a particularly small probe with only
two electrical conductors, and in particular a probe

capable of measuring the blood flow in the cardiovascular

system.

The flowmeter according to the invention is characterised
in that the current source and the hot and the cold junc-
tion of said thermocouple all are connectable in series
by the control device through the same two conductors
also connected to the measuring circuit, and wherein the

current source is a dc-source.

Due to the Seeback-effect the thermocouple acts per se as
both a heating and a cooling member because one junction
of the thermocouple is heated by the de-current from the
current source simultaneously with the other junction of
said'thermocouple being correspondingly cooled, whereby a
temperature difference between the two junctions develops.
During the periods of time where the controlled switch
has interrupted the current from theée current source, the
thermocouple supplies a voltage representing the tempera-
ture difference caused. As the resulting temperature
difference simultaneously depends on the flow velocity in

the surroundings of the thermocouple, the output voltage

PCT/DK88/00225
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of the thermocouple can be used for determining the flow
velocity. The controlled switch renders it possible to
use the same two wires for the supply of dc-current and
consequently for the heating of the thermocouple as well
as while the switch is interrupted for transferring the
measurement signal. In this manner a probe with only two
electrical conductors is obtained which allows production
of: a very small probe. An additional advantage of the

above probe is that the net supply of heat to the observed

* fluid is zero.

According to a preferred embodiment of the invention the
measuring circuit comprises an amplifier and/or a sample
and hold circuit, and that the control device is a timer

circuit.

According to a second embodiment of the invention the
measuring circuit is such that it comprises an analogue-
to-digital converter and a microprocessor associated with
a clock generator, a memory, and in/outputs. By this
embodiment the microprocessor may simultaneously constitute

the control device controlling the switch.

According to a particularly simple embodiment of the
invention, the flowmeter is characterised in that the
thermocouple is included in a probe, and that the current
source, the controlled switch, the amplifier, the sample
and hold circuit, and the control device are combined in
one or more separate units at a distance from the probe
including the thermocouple only connected thereto through
two conductors. In this manner a particularly simple probe

is obtained, which may be very thin.

The thermocouple comprises typically a metal wire of a
first metal connected in one junction with a metal wire
of a second material which in turn in a second junction

is connected to a metal wire of the first metal thereby

PCT/DK88/00225
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providing a hot and a cold junction. According to a par-
ticularly advantageous embodiment a length of one of the
metal wires, preferably the intermediary wire of the second
metal, has been wound as a coil about a heat-conducting

5 bar communicating by way of heat conductivity with the
 hot junction being heated by the current from the current
source. As a result the junction in question is addition-
ally heated and' consequently the sensor becomes more
sensitive at the expenses of a small supply of heat. The

10 supply of heat is, however; still less than in connec-

tion with the known flowmeters of the calorimeter type.

The thermocouple is typically composed of copper, constan-
tan, -and copper, and a portion of the constantan wire may
be thick having a low electrical resistance, whereas a
15 second portion of the wire may be thinner than the first
portion, said second portion being wound about the heat-

conducting rod.

Other material combinations apply within the scope of the
inventions, such as Fe/cu-Ni, Ni-Cr/Cu-Ni, Ni-Cr/Ni-Al-
20 Mn-Si, Pt/Pt-Rh, C/SiC. Such combinations of materials
must be selected in view of specific requirements presented
to a specific purpose. Thus if the probe is intended to be
put in-contact with blood in living tissue, the latter pre-
sents specific requireménts as to the non-toxicity and
25 blood compatibility of the materials. Thus the scope of the
invention allows the conducting portions of the probe to
be coated with a tissue-compatible metal, such as silver
or gold or a thin surface-treatment of another tissue-

compatible material.

30 According to an embodiment of the invention the two con-
ductors connecting the amplifier input with the probe
are provided by a coaxial cable, and the probe comprises
a copper bar orrtube. The bar or tube is mounted axially

-aligned with the inner conductor of the coaxial cable and
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is surrounded by a heating coil of constantan wire, which
simultaneously connect the outer end of the copper bar
and consequently the probe with the outer conductor of

copper in the coaxial cable.

5 According to another embodiment of the invention the
thermocouple is a Peltier device, 1i.e. the thermocouple

is made of one or more semiconducting materials.

In a further embodiment of the invention an ac-source can
be replaced by the dc-source. As a result it is possible

10 to determine the direction of the flow, cf. the following

explanation.

Brief Description of Drawings

The invention is described in greater detail below with

reference to the accompanying drawings, in which

15 Fig. 1 illustrates the fundamental structure of a par-
ticularly simple embodiment of a flowmeter according to

the invention,

Fig. 2 illustrates a diagram showing the input voltage

versus the time at an amplifier input of the flowmeter of

20 Fig. 1,

Fig. 3 illustrates a diagram showing the temperatures in

the flowmeter probe of Fig. 1,

Fig. 4 illustrates the fundamental structure of a second

embodiment of a flowmeter according to the invention,

25 Fig. 5 illustrates a diagram showing the temperatures of

the flowmeter of Fig. 4,

6 illustrates an embodiment of a probe for a flowmeter
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according to the invention,

Fig. 7 illustrates an example of a probe comprising a

semiconductor,
Fig. & illustrates a further embodiment of the invention,

SrFig. 9 illustrates a detailed embodiment of a probe for
the flowmeter of Fig. 8, '

Fig. 10 illustrates a further embodiment of the invention,

Fig. 11 shows the voltage across the thermocouple versus

the time.

10 Best Mode for Carrying Out the Invention

Fig. 1 illustrates an example of the fundamental struec-
ture of a particularly simple embodiment of the flowmeter
comprising a probe 20 according to the invention. The
probe comprises a copper wire 21 welded to one end of a
15 thick constantan wire 23 at a junction 24. The opposite
end of the thick constantan wire 23 is welded to yet
another copper wire 22 at a second junction 22. The junec-
tions 24, 25 are connected to heat-conducting materials,
such as copper bars 29. Each copper bar 29 projects into
20 a tube 28 with a flowing fluid, the flow velocity of which
is to be measured. The entire probe is surrounded by a
material 26, 27 which is electrically insulating as well
as ﬁeat insulation and allowing the positioning of the

probe in the tube 28.

25 The constantan wire 23 has been mentioned as "thick"
because it must be capable of conducting a current which
is so heavy that the temperature of the junctions alters
noticeably. However, in practise the constantan wire is

not particularly thick.
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The two copper wires 21, 22 are connected to their respec-
tive conductors 31, 32 in turn connected to the input port
of an amplifier 33. The output port of the amplifier 33
is coupled to a sample and hold circuit 34. The output
voltage U of the circuit 34 is a measurement of the temper-
ature difference T = T 2 - Tl, where Tl and T2 represent
the temperature of the two junctions 24, 25. A control
device 35, such as a timer, controls a switch 36 enabling
and disabling a current in the conductors 31, 32 which are
connected to a source 37 of constant current. The switch
36 is preferably an electronic switch, such as a tran-

sistor, and may for instance be an FET.
The flowmeter operates in the following manner:

The timer 35 closes the switch 36 whereafter a current
flows from the current source 37 through the conductor 32,
the copper wire 22, the junction 25, the constantan wire
23, the junction 24, the copper wire 21, and the conductor
31 back to the current source 37. While the current is
flowing through said circuit, the first junction is heated
and the second junction 1is cooled due to the Seeback-
effect. The amount of heat and cold, respectively, produced
per sec. is proportiomnal to the electric current Ig. If
the temperature of the flowing liquid is called TO, the
temperature of the cold junction Tl, and the temperature

of the hot junction T2, the following relation applies:
TO - Tl = T2 - TO = K, x Iy,

where K; is a constant depending on the thermal conditious
on the site and the thermocouple used. Ig is the current
through the thermocouple. After a predetermined period of
time the timer 35 opens the switch 36 and the current to
the junctions 24, 25 is interrupted. Now the respective

temperature Tl and T2 of the two junctions 24, 25, re-

PCT/DK88/00225
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spectively; differ and consequently the thérmocouple
exhibits an electromotive force whereby a voltage develops
between the conductors 31 and 32 and consequently on the
input porﬁ of the amplifier 33. The difference in voltage

5 is amplified in the amplifier 33; and the amplified signal
is transferred to the sample and hold circuit 34. The
latter circuit 34 is controlled by the timer 35 in such a
manner that the holding circuit stores the signal, i.e.
the: thermal voltage Ug, only in the time interval 50 where
10* thee: switch 36 is open. The voltage Uj; on the input port
. 0of the amplifier has been illustrated versus the time by
means of the diagram of Fig. 2, and immediately below
said diagram the corresponding sampling periods S and
holding periods H for the sample and hold circuit are

15 indicated. The relatively low voltage Ug is the thermal
re.m.f{ applying in the short time interval 50 when the

switch 36 is open.

As illustrated in Fig. 1, the two junctions 24 and 25
-communicate by way of heat conductivity with the inte-

20 rior of the tube 28. Fig. 3 illustrates the temperatures
at the junctions 24, 25 the by way of the fully drawn
curve line of the diagram when the flow velocity of the
fluid or the gas in the tube is zero. As it is well-known
from the calorimeter flowmeters, the flowing fluid dimi-

25 nishes the temperature difference caused between the two
junctions 24, 25 when the flow velocity differs from zero.
A non-zero flow velocity results therefore in a temperature
curve as indicated by a dotted line. The stronger the
current 1is, the smaller the temperature difference

30 achieved. Therefore the temperature difference can be
used as a measurement of the flow velocity inside the
tube 28.

The above flowmeter 1is advantageous in only needing two
conductors to the probe unlike a similar, known probe

35 where the temperature difference between the two junctions
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is caused by a heating member situated at one junction.
The known heating member requires a separate supply of

voltage through separate conductors.

A particular advantage of the flowmeter according to the
5 invention is that the total supply of heat energy to the
fluid flow in the preferred embodiments is zero, 1.e.
one junction is cooled just as much as the other junction
is heated. Such a supply of heat energy through a measuring

probe is undesired in many cases.

10 Fig. &4 illustrates a further development of the principle
of Figs. 1 to 3. All the corresponding members of Fig. 4
are provided with the same reference numerals als in Fig.
1 and are therefore not described again. The embodiment
of Fig. &4 differs from Fig. 1 by the thick constantan

15 wire 23 continuing into a thinner wire 23a wound about
the heat-conducting bar 29, said wire 23a being a heating
member of a predetermined resistance R. The heating wire
23a is connected to the copper wire 22 at the junction
95. The constantan wire 23 can also be a long relatively

20 thin wire substantially constant in diameter. The switch
36 is here shown as a unipolar switch merely breaking the

current circuit through the current source.

The solid curve of Fig. 5 illustrates the temperatures of
the liquid or the gas inside the tube 28 at a flow velocity
25 of zero. The temperature at the cold junction is deter-
mined by TO - Tl = K, * Iy, and the temperature T2 at the

hot junction can be determined by the equation
T2 - TO = K, * Igx + Ky + (R Ig2)

where Ka is still a constant depending on the thermocouple
30 used and the thermal conditions on site, and Ky is a second
constant depending on the thermal conditions about the

bar 29, whereas R is the resistance in the length of the
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constantan wire forming the heating member about the bar
29. A flow velocity exceeding zero results in a diminishing
of the temperature difference, cf. the dotted curve. As a
consequence thereof and like the previous example, the
Srtemperature difference achieved between the two junctions

presents a measurement of the flow velocity.

The associated measuring circuit may be identical with
the: circuit described in connection with Fig. 1. The probe
stiowm fm fig. & and the associated heating member is more
10" sensitive than the probe of Fig. 1. Also the probe of
Fig. &4 requires only two conductors between the probe
and the measuring circuit. The flowing liquid is supplied
with less heat energy than in connection with the known

flowmeters.

15 A practical embodiment of a probe is described below with
reference to Fig. 6. The probe utilizes the measuring
principle described diagramatically in the above example.
The embodiment of Fig. 6 is particularly suited for measur-
ing the flow velocity in thin tubes, such as in the car-

20 diovascular system of a human being.

The Figure illustrates only the probe situated at the end
of a 1.2 mm coaxial cable. The inner conductor 122 of
the cable is connected in one junction 120 to one end of
a copper bar or tube being "thick" relative to the inner
25 conductor and of a diameter of for instance about 1 mm
and forming the heat-conducting material 129. At the
opposite end of the copper bar in a "hot" junction 125,
the copper bar is connected to a constantan wire 123 wound
about the copper bar and consequently forming a heating
36 coil. The constantan wire 123 ends in a "cold" junction
124, where it is connected to the outer conductor of copper
121 of the coaxial cable. The outer conductor 121 and the
inner conductor 122 are insulated in a conventional manner

from one another by an insulating material 140 and =zre
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surrounded by an outer plastic cable sheathing 143. The
heating coil 123 and the copper bar 129 have also been
electrically insulated as indicated in the drawing by a
layer 141 which may be an insulating lac or a thin plastic
5 coating. In view of the desired heat transmission from
the heating coil 123 to the copper bar 129, the electrical-
ly insulating layer should be chosen so thin that it does

not prevent the transmission of heat to a significant

degree.

10 The end of the probe is surrounded by a thin electrically
insulating, but heat-conducting layer 142, and the entire
probe is surrounded by a cable sheathing 143 completely
or partially being the plastic cable sheathing of the

cable.

15 The opposite end of the coaxial cable is connected to the
electronic supply of current and to the measuring circuit,
which may be built like the circuit of Fig. 1, but wherein
the conductors 21, 22 have been replaced by the cable
121, 122. The cable including the flowmeter probe can be

20 used for measuring arterial blood flow in himan beings.
Such a measurement can inter alia be used for determining

how far an arteriosclerosis has advanced.

Yet another embodiment according to the invention is shown
in Fig. 7, where the probe comprises a semiconducting
25 thermocouple, also called a Peltier member. The probe of
Fig. 7 comprises two heat-conducting metal loops 228, 229
sbutting their respective side of a semiconductor Peltier
member 230. The entire probe is surrounded by a heat-in-
sulating material 240. The connecting wires 221, 222 are
30 at one end connected to their respective side of the
semiconductor Peltier member and at the opposite end to a
measuring circult and & current source. The measuring
circuit may be as shown in Figs. 1 and 4, but according

to an zlternative embodiment, cf. Fig. 7, the measuring
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circuit domprises an analogue-to-digital converter 234
converting the voltage signal from the thermocouple into
a digital signal transmitted to a microprocessor 235. The
microprocessor 235 may be such that one of the output
ports thereof can be used for controlling the electronic
switch 36. The microprocessor 235 is adapted so as to

transmit an output signal representing the flow velocity.

Im principle the semiconductor Peltier member acts as any
othrer thermocouple: When an electric current is transmitted
through the member, it turns cold on one side surface and
hot on the opposite side surface. When the member is not
connected to a current source, and when a temperature
difference between the two side surfaces exists, the member
indicates a voltage proportional to the temperature differ-
ence AT. The sensitivity achievable by the semiconductor
Peltier member is better than the sensitivities achievable
by means of metallic thermocouples because both the result-
ing temperature difference in °C per ampere at cooling/-
heating and the resulting output voltage in volt per °C in
the temperature difference are far better for the semicon-

ductor Peltier member than for the metallic thermocouple.

According to a particular embodiment and a principle shown
in Fig. 8, a flowmeter comprises a thermocouple 420. The
thermocouple comprises a copper conductor 421 welded to

one end of a constantan wire 423 at a junction 242, and a

~second copper conductor 422 welded to the opposite end of

the constantan wire 423 at a second junction 425. The
constantan wire 423 has been wound as a heating member
and preferably helically and is situated substantially
in the middle between the two junctions 424 and 425. The
hezting member must at least be spaced from zat least one
junction. The temperature difference mentioned below is

caused solely by the heating by the heating member.

The two copper conductors 421 and 422 zre coupled to an
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electronic circuit which may be identical with the measur-
ing circuit of Fig. 1, and which therefore need mno further
mentioning here. The only alteration is that while the
current source 37 of Fig. 1 is meant to be a DC current
source, the current source 437 is an AC current source,
preferably a square wave-current source allowing adjustment
of the amplitude. It is assumed below that the mean value
of the current is zero or in other words that the current
is equally strong in both directions (altermately). The
slowness of the thermocouple has the effect that such an
alternating current of a suitable high frequency through
the conductors 431, 432, the switech 436, and the conductors
421, 422, 423 per se involves no temperature difference
between the two junctiomns, but it heats the heating wire

423.

After a predetermined heating period H the switch 436
controlled by a timer 435 opens, and during the following
measuring period S a possible temperature difference
between the junctions 424, 425 causes a thermo e.m.f.
Us. The thermo e.m.f. is amplified in the amplifier 433
and can be detected by means of the sample and hold cir-

cuit.

If we assume that the heating member 432 is situated in
the middle between the two junctions, and that the struc-
ture is substantially symmetrical and filled with the
same fluid, the heat from the heating member spreads to
the same degree and at the same speed to both sides towards
the junctions, which are therefore still of the same
temperature. The symmetry is maintained as long as the
flow inside the tube is zero. If there is a flow of fluid
in the tube, said flow of fluid carries heat from the
heating member to one junction which is consequently
heated. As a result a temperature difference At exists
between the two junctions and during the following measur-

ing period S, the electric current direction or the sign
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of the electric voltage signal from the thermocouple
indicates the direction of the fluid flow inside the tube.
As a result, a flow-direction-meter indicating the flow

direction is obtained.

The above flow-direction-meter can be manufactured in
many embodiments, and Fig. 9 illustrates an embodiment
thereof to be used for industrial plants where the heating
wire 432 has been wound about a heat-conducting tube 428.
The latter tube can receive the fluid flow to be measured,
and the junctions 424, 425 are mounted on each side of

the heat winding 423 on the outside of the tube 428.

According to a second embodiment to be used in hospitals
for measuring directly on a patient, such as for measuring
the blood flow, the probe can be manufactured so as to be
insertable in the vein as outlined in Fig. 10. 443 is a
thin electrically insulating, tissue-compatible cable
sheathing, and the cable sheathing with the conductors
421, 422 and the junctions and heating member can be
manufactured so as to be of a diameter of for instance 2

mm and preferably less.

The frequency of the alternating current used can for
instance be 500 Hz or 1 kHz and a duration of for instance
10 msec. of the period in wﬁich the alternating current
is applied to the Heating member. Fig. 11 illustrates the

voltage across the thermocouple versus the time.

The above described embodiments can be combined in various
manners, and according to a particularly advantageous
embodiment it is possible by combining a DC current sourcé
with an AC current source to measure both intensity and
direction of a fluid flow. The latter is achieved for
instance by initially coupling the DC current source to
the flowmeter so as to determine the amount of the flow

and then exchanges said DC current source with an AC
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current source so as to determine the flow direction or

vice wversa.

When a non-symmetric flowmeter is used, i.e. when the
heating wire is closer to one junction than the other,
it is still possible to determine the flow direction: A
flow is assumed from the left towards the right at the
probe of Fig. 4, and a heating period H involving an
alternating current results in a strong heating of the
junction 425, whereas the junction 424 is of the same
temperature as the liquid or gas inside the tube 428. The
temperature difference between the two junctions causes a
substantial thermo e.m.f. in the following measuring period
S on the input port of the amplifier 433 and consequently

an output voltage from the sample and hold circuit 434.

If the fluid flow in the tube shown in the same Fig. &4 is
from the right towards the left, a corresponding heating
period H including an alternating current supply results
still in a strong heating of the junction 425, and now
the junction is heated to some extent in response to the
heat-conducting capability of the fluid flow. The latter
means that the temperature difference between the two
junctions in this situation is smaller and consequently
causes a lower thermo e.m.f. on the input port of the
amplifier 433 and consequently a lower voltage on the
output of the sample and hold circuit 434. Even in case
of an unsymmetric probe it is therefore possible to deter-
mine the flow direction by using an alternating current

source for the heating.

A flowmeter according to the invention may be used within
many fields. It can be very small and is therefore suitable
for use inside the medical field. High-explosive environ-
ments present another potential field of application
because the probe per se is only supplied with a very low

voltage. The associated electronic circuit can be situated
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outside the high-explosive area.

It is obvious to persons skilled in the art that the above
invention -can be altered in many ways without thereby
deviating from the scope of the attached claims. For
5 instance the intermediary metal wire is not necessarily a
thick constantan wire or a combination of a thick and a
thin constantan wire. It may very well be a rather thin
wire of which a substantial length has been wound as a
Heating member about a semiconducting bar at the hot
10 junction. The heat-conducting bars may also be larger or
smaller and may optionally be completed omitted, because
the junctions per se can constitute the heat-sensitive
points instead of the bars and the metal wire thermocouple

may be substituted by a solid state Peltier member.
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1. A flowmeter comprising a thermocouple and a current

source for causing a temperature difference between the
two junctions of the thermocouple, and wherein the thermo-
5 couple is electrically communicating with the current
source through a controlled switch alternately closing
and breaking a current, and wherein a control input on
the controlled switch is connected to a control device
also controlling a measuring circuit, which on its input
10 port receives a signal representing the e.m.f. of the
thermocouple during the periods of time where the current
from the current source to the thermocouple has been
interrupted by the controlled switch, ¢ h a r a ¢ t e r-
i s e d 1in that the current source and the hot and the
15 cold junction of said thermocouple all are connectable in
series by the control device through the same two conduc-

tors also connected to the measuring circuit, and wherein

the current source is a dc-source.

2. A flowmeter as claimed in claim 1, c harac -
20t e r i s e d in that the measuring circulit comprises
an amplifier (33) and/or a sample and hold circuit (34),

and that the control device is a timer circuit (353).

3. A flowmeter as claimed in claim 1, charac -

t erised in that the measuring circuit comprises an
25 analogue-to-digital converter (234) and a microprocessor
(235) associated with a clock generator, a memory, and

in/outputs.

4, A flowmeter as claimed in claim 3, ¢c harac -
t erised in that the microprocessor simultaneously

30 constitutes the control device controlling the switch (36).

5. A flowmeter as claimed in claim 2, ¢ h a r a ¢ -

t erised in that the thermocouple is included in a

'SUBSTITUTE SHEET
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probe, and that the current source, the controlled switch,
the amplifier, the sample and hold circuit, and the control
device are combined in one or more separate units at a
distance from the probe including the thermocouple only

5 connected thereto through two conductors.

6. A flowmeter as claimed in claim 1 or 2, and where
the thermocouple comprises a metal wire of a first metal
connected in one junction with a metal wire of a second
material which in turn in a second junction is connected

10 to a metal wire of the first metal thereby providing a
hot and a cold junction, ¢ h ar ac terised in
that a length (23) of one of the metal wires, preferably
the intermediary wire of the second metal (23), has been
wound as a coll about a heat-conducting bar (29) communi-

15 cating by way of heat conductivity with the hot junction
(25) being heated by the current (Ig) from the current
source (37).

7. A flowmeter as claimed in claim 6 and comprising a
thermocouple made of copper, comstantan, and copper,
20 characterised in that a length of the constan-

tan wire (23) has been wound about the heat-conducting
bar (29).

8. A flowmeter as claimed in claims 5 and 7, ¢ h a r-
acterised in that the two conductors are provided
25 by a coaxial cable, and that the inner conductor (122)
thereof continues into a copper bar/tube (129) wound with
a heating coil (123) of constantan wire, which in turn
continues to the outer screen of copper (121) of the

coaxial cable.

i

30k ¢, A flowmeter as claimed in claim 1, ¢ har ac -
terised in that the thermocouple is a semiconducting

Peltier device.
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10. A flowmeter as claimed in one or more of the preceding
claims, c haracterised in that the current

source includes an AC source (6) replacing the DC source.
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