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temperature of the heating element are both held out of contac
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but thermally good conductive material) within a protective

ube. For flu

d exhibiting slow changes 1n its state with

passage of time, the fluid state 1s measured utilizing said sensor on the basis of a differential between temperatures
prior to and during heating of the heating element. For fluid exhibiting rapid changes 1n its state with passage of time,
the measuring sensor and a separate temperature detecting sensor are used to measure a temperature of the fluid. The
measuring sensor 1s caused to generate heat and the temperature of this sensor 1s measured, and the flumd state 1s
measured on the basis of a differential between the temperatures of said first-mentioned sensor and the fluid.
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ABSTRACT OF THE DISCLOSURE

A measuring sensor comprising a heating element and a temperature
detecting element used to measure a temperature of the heating element are
both held out of contact with each other (preferably by an electrically
insulative but thermally good conductive material) within a protective tube.
For fluid exhibiting slow changes in its state with passage of time, the fluid
state is measured utilizing said sensor on the basis of a differential between
temperatures prior to and during heating of the heating element. For fluid
exhibiting rapid changes in its state with passage of time, the measuring
sensor and a separate temperature detecting sensor are used to measure a
temperature of the fluid. The measuring sensor is caused to generate heat and
the temperature of this sensor is measured, and the fluid state is measured on
the basis of a differential between the temperatures of said first-mentioned

sensor and the fliuid.
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This invention relates to a measuring sensor for fluid state

determination and a method of measurement using such a sensor, The invention

conducted to localize a fluid level.

It should be understood that the term "fluid" as used herein includes a
substance in the form of a gas, liquid, or solids or mixtures of two or more
thereof and the term "state'" used herein includes not only the stationary or
flowing state of a given fluid but also a state of this fluid in which the
composition, phase or temperature thereof is steady or variable with the
passage of time.

Various methods for measuring the state of a given fluid have already
been proposed and the inventors also have disclosed methods for measuring

fluid state using metallic thin wire by a hot wire method, for example, in

Japanese Patent Application Disclosure Cazettes Nos. 1985-152943
198/7-27622; i987~40246; and 198/-56849. According to this prior art,
changes in physicals properties or the like occurring in given f£luids are
thermally measured on the basis of the change in temperature with the
passage of time occurring when the metallic thin wire placed within the

fluid is energized with electric current and thereby the state of the fluid

i1s determined,

Of the sensors used in such measurement, the sensor disclosed in
Japanese Patent Application Disclosure Cazette No. 1987-56846 (U.S.P.
No. 4,762,427) comprises metallic thin wire wound around a support shaft

coated with electrical insulator, the'assembly'including the wire then being

coated with electrical insulator.

The method disclosed in Japaneee Patent Application Disclosure Gazette
No., 1987-185146 employs, in addition to the measuring sensor exclusively
used to measure fluid temperature, such an electrical heating'sensor so that
the state of this fluid'mey'be determined more accurately on the basis of a
differential temperature gi?en by these two‘sensors;'

Usually, a means such as a resistance thermometer bulb, thermistor,
thermocouple or radiation thermometer haVe'been.utilized as a temperature

detecting means for fluid'measurement.e

The sensor used in the prior'art measuring_methods and which has been
proposed by the inventors comprises, as mentioned above, the metallic thin
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wire wound on the support shaft and is certainly advantageous in that a
length of said metallic thin wire may be dimensioned to be several times the
sensor's own length and thereby the electric resistance thereof may be
increased so as to obtain a high heating value from a small current value.
Such a sensor is advantageous also in that the sensor itself cannot be
easily damaged or bent.

However, such prior art device is disadvantageous in that the metallic
thin wire is spirally bent, which develops therein a stress strain as said
metallic thin wire is wound on the shaft. An annealing process is applied
to relieve such stress strain, but this significantly changes the resistance
of the wire relative to its initial value.

Since it is difficult to estimate the degree of this change in the
resistance value, it is also difficult to obtain a sensor having a desired
predetermined resistance value. Even when the sensors are mass—produced,
there is no compatibility between sensors unless the sensors are individually
calibrated, The characteristic calibration of individual sensors has been
disclosed by the inventors in Japanese Patent Application Disclosure CGazette
No. 1987-51520 (U.S.P. No. 4,832,504). However, such characteristic
calibration of individual sensors is a time—consumlng operation

To minimize bending of the metallic thin wire, the 1nventors have
proposed an 1mproved sensor 1n Japanese Patent Application Disclosure Gazette
No. 1989*44838‘ in accordance with which'the metallic thin wire is recti-
linearly arranged in the long1tud1na1 dlrectlon and bent only at opposite
ends so that stress strain developed in the wvire may be substantially
reduced. However, thls invention requ1res not only a sophlstlcated
technique for manufacturlng the sensor but also a high precision analyzer
such as a computer for high prec131on.measurement.

Accordingly, a principal object of the invention is to measure the
state of a given fluid with a'precieion'which'is slightly lower than the
precision expected to be achieved by using the electrlcal heatlng type
sensor of the prior art but wh1ch is practlcally acceptable and utillzes a
relatlvely-31mple manufacturing technlque e.g., a conventional dlgitaly-

thermometric mechan13m.~-
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The object as set forth above is achieved, according to the invention,
by a measuring sensor comprising a sensor protecting tube, a heating element
and a temperature detecting element, the temperature detecting element
adapted to measure the temperature of said heating element, and both elements
being contained within said protective tube so that said temperature
detecting element is maintained out of contact with said heating element.

Thermally good conductive but electrically insulative material is
preferably interposed between the heating element and the temperature
detecting element to keep these elements out of contact with each other.

As described above, the measuring sensor of the invention comprises
separate temperature detecting and heating elements which are held out of
contact with one another, preferably by the electrical insulator having a
good thermal conductivity so the heating element is not always required to
be provided in a spiral configuration and therefore can be cobtained by a
relatively simple manufacturing technique. Additionally, the durability of
the measuring sensor as a whole is enhanced by the feature of the invention
that the temperature detecting element and the heating element can be
contained within the protective tube. Furthermore, the measuring sensor of
the invention has a sufficiently rapid responsiveness to achieve the desired
measurement when the measuring sensor is used for fluid state measurement
not requiring a high level of precision, since the temperature of the
heating element is measured by the temperature detecting element. The
temperature detecting element may be replaéed'by any suitable commercially
available thermometrié device. Moreover, the measuring sensor of the
invention can be constructed in a compact form which is convenient for
handling. '

The measuring sensor of the invention is useful not only as a fiuid
state measuring means but also as a universal temperature sensor. For a
fluid, such as a sampled fluid;-exhibiting,no Change in its state with the
passage of time, thé invention enables a single measuring sensor to
determine a differential.temperature.

The invention also provides'a method for measurement of fluid state on
the basis of a differential temperature before and during heaiing of the

heating element, utilizing said sensor.
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The invention further provides a method for measurement of fluid state
on the basis of a differential value between two temperature values
determined by said sensor and another general temperature sensing device,
both placed in the fluid during heating of said sensor.

With the method of the invention as mentioned above, if the fluid state
exhibits no change with passage of time, said single measuring sensor
comprising the heating element and the temperature detecting element adapted
to measure the temperature of said heating element may be used. The fluid
state is measured on the basis of the differential temperature between the
temperature obtained by said temperature detecting element before heating of
said heating element (such being the temperature of the fluid) and the
temperature obtained by said temperature detecting element during heating of
said heating element (such being the temperature of the sensor).

For a fluid state exhibiting a change with passage of time on the other
hand, a general temperature sensing device such as a resistance thermometer

bulb may be used with the sensor of the invention to measure such fluid

state.

The electrical heating type sensor previously proposed by the inventors

has been very useful in the chemical and pharmaceutical industries and the
like, in which a high level of precision is required. However, such a degree
of precision as is required to measure slight changes in the state of a fluid
by the electrical heating sensor of the prior art is usually unnecessary for
fluid state measurement or the 1ike in storage equipment for raw materials

or during primary processihg ~ for example, during the raw material storage
Or any process prior te the actual mahufacturing process for foods in general
wherein the fluid exhibits rapid changes of state., It should be understood,
howvever, that even in such an induétry, careful consideration must be given
to obtaining a measurement which is free from any error possibly caused by
various measurement conditions_such as the measurement speed.

The present invention was made in view of these requirements and
utilizes the principle'that a differential value between the fluid tem-
perature and the sensor temperature-may be measured to determine_the fluid
state, According to the‘invention,;however;’theré,is providéd a'relatively
simplified structure'compriéing the.heating'elemént and thé temperature
detecting element.used tofmeasure thé,temperaturé'of such heating element,
so that the desired méasurement can be achieved by use of the single sensor
PAT 15275-1 ' S
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(except when a pair of sensors is used for a fluid exhibiting a change in
its state with passage of time) without use of any high level analyzer.

In other words, while the inventors have formerly disclosed a sensor
which not only generates heat, but also measures its own temperature, the

5 sensor of the present invention is provided with a heating element which
only generates heat and, separate therefrom, a temperature detecting element
solely for measurement. This makes it easier to control the heat generated
by the heating element and no computing equipment and surroun@ing equipment
to calculate the temperature and the like is required. Accordingly, the

10 measurement is managed by a simple controller, and in consequence, the device
itself can be portable.

With the conventional electrical heating~type sensor requiring a pair
of sensors, i.e. the heating element and the temperature sensor, it has been
essential to prevent these two sensors from being affected by one another and

15 to ensure a sufficient amount of sample to allow use of the apparatus com-—
prising the two sensors for effective measurement of the sampled fluid or the
like,

For example, the sensor disclosed by the inventors in Japanese Patent
Application Disclosure Gazette No., 1987-185146 is adapted to measure a fluid

20 state by the electrical heating method‘utiliziﬁg a metallic thin wire -
namely, by comparatively measuring the sensor temperature, the fluid
temperature and the.diffefential temperature therebetween. The disclosed
method uses more than two méasuriﬁg elements respectively for measurement of
the heatihg element'temperature and the fluid temperature.

25 In contrast with this methdd,-the‘Sensor‘of the present invention is
adapted to measure the'fluid'temperatﬁre and the sensor temperature by
measuring the temperatures of the heatihg element-before_and during heating
thereof and thereby determining the comprehenéiVe state of the fluid.

In this way, the sensor of the invention'iS'abié to measure the fluid

30 state by use of a single.Sehsor and is particularlyfuseful for'fluids
exhibiting not rapld but slow change of state wlth the passage of time,

The sensor of the 1nvent10n thus requires no con31deratlon be given to

stich countermeasures as preventlng a pair of sensors from'belng affected'by
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one another, as has been essential with conventional sensors of the
electrically heated type.

Although for a fluid exhibiting rapid changes in its state with the
passage of time, an additional general temperature detecting sensor must be
provided to measure the fluid temperature (as is the case with the prior
art), the sensor itself comprising the heating element and the temperature
detecting element adapted to measure the temperature of this heating element
according to the invention is useful not only in those industrial fields
which do not require measurement of slight changes of fluid with high
precision but also has no less durability and rapid responsiveness than the
high precision measuring sensor,

Of the electrical heating sensors of the prior art, the one disclosed
in the previously referred to Japanese Patent Disclosure Gazette
No. 1987-56849 (U.S.P. No. 4,762,427) comprises a metallic thin wire wound
around a electrically insulative support shaft and then coated, and the one
disclosed in/the previously referred to Japanese Patent Disclosure Gazette
No, 1989-44838 comprises a metallic thin wire inserted into a bore formed
through an electrically insulative support shaft and then secured by means
of pulverized ceramic or the like. In either case, sophisticated techniques
have been necessary to manufacture stch sensors. The sensor of the
invention, on the contrary, can be inexpensively manufactured by a relatively
simple technique, since, according to'the invention, the temperature
detecting element and the heating element are separately provided-and held
by the electrically 1nsulat1ve thermal conductor out of contact wlth each
other. Addltlonally, the sensor of the 1nvention requzres none of the high
precision analyzers which have been necessary for the measurlng.methods of
the prior art, and can easily perform the des1red measurement utlllzlng

conventional digital thermomettic equipment

The invention will now be descrlbed further by way of example only and

with reference to the accompanylng draw1ngs in whlch.

Fig. 1 is a sectional view of a measuring sensor constructed in

accordance with the 1nvent10n,'

Fmg 2 is a schematlc dlagram 1llustrat1ng one method by wh1ch the

measuring sensor of Fig' 1 is used for measurement*'
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Fig. 3 is a schematic diagram illustrating a method in which a general
temperature detecting sensor is used in combination with the measuring
sensor of Fig. 1 to measure a fluid state exhibiting a change with passage
of time; and

Figs. 4 and 5 are graphic diagrams showing a process of gelatine
solidification as measured by the electrical heating type sensor of the
prior art and the measuring sensor of the invention, respectively.

Now a first embodiment of the sensor constructed according to the
invention will be described with reference to Fig. 1. The measuring sensor
10 comprises a spiral heating element 11, a serpentine temperature detecting
element 12 centrally located inside said heating element 11, a good thermal
conductor 13 interposed between said heating element 11 and said temperature
detecting element 12, and a protective tube 15 containing the assembly.
Reference numerals 11A and 12A designate wire leads of said heating element
11 and temperature detecting element 12, respectively. Referring to Fig. 2,
and assuming that the fluid to be monitored exhibits not rapid but slow
change in its state as time elapses, the sensor 10 is immersed into a
reservoir 17 of the fluid 16, and the heating element 11 is then energized
with electric current from a power source 18 and the heat output of the
element 11 detected by the temperature detecting element 12 is converted by
a temperature converter 19 to provide the corresponding temperature of the
sensor. Thus, the temperature of the sensor measured before heating is
obtained as a temperature of the fluid and the temperature measured during
heating is obtained as a temperature of the sensor itself.

A second embodiment of the sensor according to the invention is
described with reference to Fig. 3, which illustrates a situation where the
fluid state to be measured exhibits rapid changes with the passage of time.
Accordingly, this embodiment of the sensor comprises the sensor 10 and a
general temperature detecting sensor 21, both fixed within a fluid passage
20. The heating element 11 of the sensor 10 is energized with electric
current from the power source 18 and generates heat and the output of this
heating element detected by the temperature detecting element 12 is again

converted by the temperature converter 19 to a corresponding temperature

PAT 15275-1
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which is read as the temperature of the sensor. The temperature of the
fluid 16 is measured by the temperature detecting sensor 21 and reference
numeral 22 designates a temperature detector.

In this manner, the temperature of the fluid and the sensor may be
measured to determine the fluid state on the basis of the differential
temperature therebetween,

As the electrically insulative good thermal conductor 13, crystalline
alumina, ceramic or the like is preferred and is preferably powdered to
facilitate construction of the sensor, However, it should be understood
that said conductor 13 may also be formed from solid material.

It is essential here that the conductor 13 should be able to hold the
heating element and the temperature detecting element out of electrical
contact with each other, Furthermore, the distance between these two
elements is preferably as short as possible in order to assure that the
Lemperature detected by the temperature detecting element substantially
approximates the actual temperature of the heating element.

The material chosen for the good'thermal conductor is not critical,
provided it is electrically insulative and high precision of measurement is
not critical.

The temperature detecting element may be placed around the heating
element, instead of being plaéed inside it as in.the illﬁstrated embodiment,
when it is desired to measure a surface temperature of the meésuring sensor,
Alternatively, the temperature detecting element may be placed in opposition
to the heating element, if desired. .

Thus, the relative position of'the.temperature detecting element and the
heating element may be selectively changed depending Qn the mOSt'impOrtant

output value to be considered in relation to the fluid state.

EXAMPLE A .
To localize a fluid level utilizing the sensor of the invention, as

disclosed by the inventbrs in Japanese Patent'Application*Disclosure GaZette
No. 1987-27622, the sensor may be designed to:have'ah ovefall_lengthféub-
stantially equal to the height of the'réservdir,ﬂ'A-témpefatﬁre'corrésﬁonding
to the metallic thin wire-temperéture oW Of the afofeséid”prior art sensor

may be considered as the temperatdre.detected by'the-temperatute'deteéting-

PAT 15275-1 e S
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element of the invention, since the level within the reservoir is linearly
related to the sensor temperature,

In other words, the temperature detected by the sensor is linearly
variable as the level ascends or descends, in proportion to the length of
the sensor which is immersed in the fluid,

Accordingly, the temperature measurement may be continuously performed
by the temperature detecting element as the heating element. The component
of the sensor constructed according to the invention may be energized for
heat generation and the change in level with corresponding change in
temperature may be recorded in relation to the respective temperatures SO
that the level can be derived from the corresponding temperature.

Owing to the unique feature of the invention (differing from the
conventional metallic thin wire) that the sensor is placed within the
protective tube, the sensor of the invention is able to resist a certain
degree of shock possibly occurring, for example, during washing and is

useful for a wide range of equipment including large equipment such as

general reservoirs,

EXAMPLE B
To determine a fluid state changing with passage of time, particularly

a coefficient of kinematic viscosity, utilizing the sensor of the invention
as illustrated by Fig. 3, one of a plurality of sensing elements may be used
as a general fluid temperature detecting element'while.the other one may be
used as the sensor itself to detect two temperatures. The difference there-
between may be continuously or intermittently measured and ¢bmpared to
determine the fluid state, 1in accordance with the prior art disclosed by the
inventors in Japanese Patent Application Disclosure Gazette No. 1987-185146.

The differential temperature between two temperatures corresponds to
the value ABWi indicated in the above-mentioned'Disclosure.Gazette and is
reflective of the coefficient of kinematic viscosity, so that éhange in ABWI
with the passage of time may be plotted graphically to determine the change
in the coefficient of kinematic viscosity. '

In this example, it is important to determine a change in the
coefficient of klnematlc vxsc031ty'and thereby to know a change in the fluid

state including the v1scosity change thereln, rather than to determine an

PAT 15275-1
-9 -

.....

- -
''''''''
. 0 .

.......

------



10

15

20

25

20116

exact coefficient value of kinematic viscosity. The relationship between
the differential temperature which can be determined by the temperature
detecting method of the invention and the coefficient of kinematic viscosity
is similar to the relationship which was found by the above-mentioned prior
art, so the sensor of the invention is useful where the fluid exhibits a
significant change in its coefficient of kinematic viscosity.

In this regard, according to the method of the present invention, an
experiment to determine solidification of gelatine with the passage of time
indicated, as shown by Fig. 5, a result similar to the experimental result
(See Fig. 4) conducted according to the measuring method of the
above-referenced prior art.

With the sensor of the invention, as has previously been described, it
1s also possible to derive the differential temperature ABW from comparison
of a temperature measured by the temperature detecting element prior to
heating of the sensor and a temperature measured during heating of the
heating element being energized with electric current, without use of any

separately provided general temperature detecting element.

In this way, the measurement which has usually been accomplished with a

pair of sensors according to the prior art can be achieved in accordance

with the invention by use of a single sensor.

While the invention_has been particularly shown and described with
reference to a preferred émbodimeht'thereof,‘it.will be understood by those
skilled in the art that the foregoing and other changes in form and details
can be made therein without departing.from the spirit and scope of the

invention.
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CLAIMS

1. A sensor for measuring the state of a fluid, comprising a
heating element and a temperature detecting element used to measure
a temperature of the heating element both held out of contact with
each other within a sensor protecting tube,

wherein the shape of the protecting tube 1s a substantially
elongated bar,

the heating element 1s disposed substantially along the length
of and within the protecting tube for substantially uniformly
heating the protecting tube,

the temperature detecting element 1s disposed within the heating
element generally centrally thereof and extending over the length of
the heating element, and

the temperature of the heating element 1s measured as a function

of resistance i1nduced in the temperature detecting element by heat

from the heating element.

2. A measuring sensor as recited 1n claim 1, wherein the
heating element and the temperature detecting element for measuring
the temperature of the heating element are held by an electrically
insulative but thermally good conductive material out of contact

with each other within the protective tube.

3. A measuring sensor as recited in claim 1, wherein the

heating element 1s spilrally shaped.

4., A measuring sensor as recited in claim 1, wherein the

temperature detecting element 1s serpentilne.

5. A measuring sensor as recited in claim 2, wherein the
electrically insulative but thermally good conductive material 1is

crystalline alumina or ceramilc.
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6. A method for measurement of a fluid state utilizing the
measuring sensor as recited in claim 1, said method comprising the
steps of immersing said sensor in the fluid, detecting temperatures
prior to and during heating of the heating element, and measuring

the fluid state on the basis of a differential of both temperatures.

7. A method for measurement of a fluid state, said method
comprising the step of placing in said fluid the measuring sensor as
recited in claim 1 and a separate temperature detecting sensor used
to measure a temperature of the fluid, causing said measuring sensor
to generate heat and detecting the temperature of said measuring
sensor, and measuring the fluid state on the basis of a differential
between the temperature of said measuring sensor and the fluid

temperature.
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