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(57) ABSTRACT 

A flowmeter for achieving a fluid flow rate value by using 
calibration curves on the basis of the output of a detection 
circuit using a bridge circuit (73) containing as constituent 
resistorS respective temperature Sensing elements of a flow 
rate detector containing a heating element (33) and a fluid 
temperature detector in an indirectly heated type flow rate 
sensor unit. The bridge circuit (73) varies the circuit char 
acteristic value in plural steps by a multiplexer (731) for 
Selectively connecting the output terminal and any one of the 
connection terminals between the in-Series connected resis 
tors. Plural calibration curves are provided in association 
with the Steps of the circuit characteristic value, and any one 
of the plural calibration curves is Selected in accordance 
with the Step of the circuit characteristic value Selected by 
the multiplexer (731). The flow rate range to be measured is 
set every calibration curve, and the multiplexer (731) is 
controlled in accordance with the fluid flow rate value thus 
achieved, and the calibration curve corresponding to the 
flow rate range to which the flow rate value belongs. 
According to this flowmeter, the flow rate can be measured 
with excellent precision over a board flow rate range. 
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FLOWMETER 

TECHNICAL FIELD 

0001. The present invention relates to a fluid flow rate 
detecting technique, and particularly to a flowmeter for 
measuring the flow rate or integrated flow amount of fluid 
flowing in a pipe. Furthermore, the present invention relates 
to a thermal type flowmeter Such as an indirectly heated type 
flowmeter or the like, and further to a thermal type flow 
meter having a fluid temperature compensating function. 

BACKGROUND TECHNIOUE 

0002 Various types have been known for a flowmeter 
flow rate Sensor (or current meter flow velocity Sensor) 
for measuring the flow rate (or flow velocity) of various 
kinds of fluid, particularly liquid. Of these types of flow 
meters, a so-called thermal type (particularly, indirectly 
heated type) flowmeter has been used because the price 
thereof is lower. 

0003. One of indirectly heated type flowmeters is 
designed and used So that a Sensor chip comprising a 
thin-film heating element and a thin-film temperature Sens 
ing element which are laminated on a Substrate through an 
insulating layer by using the thin film technique is disposed 
So as to enable the heat transfer between the Sensor chip and 
fluid flowing in a pipe. The electrical characteristic of the 
temperature Sensing element, for example, the value of the 
electrical resistance is varied by supplying current to the 
heating element to heat the temperature Sensing element. 
The variation of the electrical resistance value (based on 
increase of the temperature of the temperature Sensing 
element) is varied in accordance with the flow rate (flow 
velocity) of the fluid flowing in the pipe. This is because a 
part of the heating value of the heating element is transferred 
into the fluid, the heating value thus diffused into the fluid 
is varied in accordance with the flow rate (flow velocity), 
and the heating value Supplied to the temperature Sensing 
element is varied in accordance with the variation of the 
heating value diffused into the fluid, so that the electrical 
resistance value of the temperature Sensing element is var 
ied. The variation of the electrical resistance value of the 
temperature Sensing element is also varied in accordance 
with the temperature of the fluid. Therefore, a temperature 
Sensing element for temperature compensation is installed in 
an electrical circuit for measuring the variation of the 
electrical resistance value of the temperature Sensing ele 
ment to reduce the variation of the flow rate measurement 
value due to the temperature of the fluid as much as possible. 
0004. With respect to the indirectly heated type flowme 
ter using the thin-film element as described above, JP(A)- 
11-118566 discloses an example of the indirectly heated 
type flowmeter. The flowmeter disclosed in this publication 
uses an electrical circuit (detection circuit) containing a 
bridge circuit to achieve the electrical output corresponding 
to a flow rate of fluid. 

0005. It is general that the output of the electrical circuit 
of the flowmeter is not in a simply proportional relationship 
with the flow rate value, and variation of the output of the 
electrical circuit to the flow rate variation is large in an area 
where the flow rate value is Small while the variation of the 
output of the electrical circuit to the flow rate variation is 
Small in an area where the flow rate value is large. Therefore, 

Nov. 24, 2005 

there is a problem that even when little error occurs on 
measured flow rate values due to the variation of the output 
of the electrical circuit in the Small flow rate value area, the 
error is increased in the large flow rate value area (that is, the 
rate of the flow rate difference to be discriminable when the 
measurement is carried out is increased). 
0006. In order to avoid this problem, it has been hitherto 
general that a flowmeter is prepared for each relatively 
narrow flow rate range and the characteristic value of the 
electrical circuit is properly Set every flow rate range. 
Therefore, if attention is paid to each individual flowmeter, 
it has a problem that the dynamic range of the flow rate 
measurement is Small and the application of the indirectly 
heated type flowmeter SufferS restriction. 
0007. Therefore, an object of the present invention is to 
provide an indirectly heated type flowmeter which can 
perform a flow rate measurement with excellent precision 
over a broad flow rate range. 

0008. In the flowmeter disclosed in JP(A)-11-118566, the 
Voltage to be applied to the heating element is varied in 
accordance with the variation of the flow rate to thereby vary 
the heating State of the heating element So that the tempera 
ture Sensing element is kept to a predetermined temperature 
(heating State), and the flow rate value is achieved on the 
basis of the Voltage applied to the heating element at this 
time. 

0009. The environmental temperature at which the flow 
meter is used is broad. For example, when the flowmeter is 
used in a cold district, the temperature of the flowmeter may 
be kept under 5 C. or less. On the other hand, when the 
flowmeter is used in a hot district, the temperature of the 
flowmeter may be kept at 35 C. or more. Even when the 
flowmeter is used in the Same district, the environmental 
temperature of the flowmeter is varied in accordance with 
day and night. Accordingly, when the flow rate value is 
achieved on the basis of the Voltage to be applied to the 
heating element as described above, there is a problem that 
the measurement value is varied in accordance with the 
environmental temperature, which is caused by variation of 
the characteristic of the electrical circuit of the flowmeter 
due to the temperature variation. 

0010. The present invention has another object to 
improve the control of an applied Voltage to the heating 
element in the indirectly heated type flowmeter as described 
above and achieve high precision and high control response 
without complicating the circuit construction. 
0011 Further, the present invention has another object to 
prevent the variation of the measurement value due to the 
environmental temperature in the indirectly heated type 
flowmeter as described above, and further enhance the 
precision of the flowmeter. 
0012. When the flow rate detection is carried out by using 
the thermal type flowmeter, the following problems occur 
due to the variation of the temperature of fluid for which the 
flow rate is detected. 

0013 For example, in a case where a kerosene flow 
passage is formed by a pipe So as to extend from a kerosene 
tank disposed outdoors to kerosene burning equipment dis 
posed indoors and a flowmeter is disposed in an indoor 
portion of the pipe, if there is a large difference between the 
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outdoor temperature and the indoor temperature (for 
example, the difference in temperature may be equal to 
about 20 C. in the winter season), kerosene remaining in the 
indoor portion of the pipe first passes through the flowmeter 
at the initial Stage where use of the kerosene burning 
equipment is started, and after Some amount of kerosene 
passes through the flowmeter, kerosene existing in the 
outdoor portion of the pipe at the initial Stage reaches the 
flowmeter to be detected in flow rate. 

0.014. In most cases, a fluid temperature detecting unit 
containing a temperature Sensing element for temperature 
compensation installed in a fluid flow rate detecting circuit 
is disposed at a position different from that of a fluid flow 
rate detecting unit, or even when they are disposed to be near 
to each other, a heat-exchange portion of the fluid flow rate 
detecting unit at which heat eXchange is actually carried out 
to detect the fluid flow rate is far away from a heat-exchange 
portion of the fluid temperature detecting unit at which heat 
eXchange is actually carried out to detect the fluid tempera 
ture. In these cases, if fluid which quickly varies in tem 
perature flows into the flowmeter as described above, there 
appears temporarily Such a State that the fluid temperature 
when the heat-exchange with the fluid temperature detecting 
unit is carried out is different from the fluid temperature 
when the heat-exchange with the fluid flow rate detecting 
unit is carried out. Therefore, accurate temperature compen 
sation cannot be performed and thus the precision of the 
fluid flow rate detection is reduced. 

0.015 Therefore, the present invention has an object to 
provide a flowmeter which can accurately make a fluid 
temperature compensation and thus perform accurate flow 
rate detection even when the temperature of fluid flowing 
into the flowmeter quickly varies. 

SUMMARY OF THE INVENTION 

0016. In order to attain the above objects, according to 
the present invention, there is provided a flowmeter having 
an indirectly heated type flow rate Sensor unit in which a 
flow rate detector containing a heating element and a tem 
perature Sensing element for flow rate detection is joined to 
a heat transfer member for flow rate detection, a fluid flow 
rate value being achieved with calibration curves on the 
basis of the output of a detection circuit using a bridge 
circuit containing the temperature Sensing element for flow 
rate detection as a constituent resistor, characterized in that 
the bridge circuit includes circuit characteristic value varia 
tion driving means for varying the circuit characteristic 
value thereof in plural Steps, plural calibration curves are 
provided in association with the respective Steps of the 
circuit characteristic value, any one of the plural calibration 
curves is Selected in conformity with the Step of the circuit 
characteristic value Selected by the circuit characteristic 
value variation driving means, a fluid flow rate range to be 
measured is Set every calibration curve, the Overall mea 
surement flow rate range is covered by the plural fluid flow 
rate ranges, and the circuit characteristic value variation 
driving means is controlled in accordance with the fluid flow 
rate value achieved to use one of the calibration curves 
corresponding to the flow rate range to which the flow rate 
value belongs. 
0.017. In an aspect of the present invention, the respective 
neighboring flow rate ranges are partially overlapped with 
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each other, and the Selective Switching from one of the two 
calibration curves corresponding to the two partially-over 
lapped flow rate ranges to the other calibration curve is 
carried out at the end portion of the one flow rate range. 
0018. In an aspect of the present invention, the flow rate 
Sensor unit has a fluid temperature detector containing a 
fluid temperature detecting temperature Sensing element and 
a fluid temperature detecting heat transfer member joined to 
the fluid temperature detector, and the bridge circuit contains 
the fluid temperature detecting temperature Sensing element 
as a constituent resistor. 

0019. In an aspect of the present invention, the circuit 
characteristic value variation driving means is a multiplexer 
for Selectively connecting an output terminal of the bridge 
circuit to any one of connection terminals between any two 
neighboring resistors of plural resistors which are provided 
to Said bridge circuit So as to be connected to one another in 
SCCS. 

0020. In an aspect of the present invention, the circuit 
characteristic value variation driving means carries out a 
Switch-ON/OFF operation of Switches of a bypass which are 
connected in parallel to at least one of plural resistors which 
are provided to the bridge circuit So as to be connected in 
Series to one another. In an aspect of the present invention, 
each of the Switches comprises a field effect transistor. 
0021. In order to attain the above objects, according to 
the present invention, there is provided a thermal type 
flowmeter having a heating element and a flow rate detection 
circuit containing a temperature Sensing element for flow 
rate detection disposed So as to be affected by the heating of 
the heating element and perform heat transfer from/to fluid, 
the heating of the heating element being controlled on the 
basis of a Voltage applied to the heating element, the applied 
Voltage to the heating element being controlled on the basis 
of the output of the flow rate detection circuit and the flow 
rate of the fluid being measured on the basis of the applied 
Voltage, characterized in that the applied Voltage to the 
heating element is equal to the total Voltage of a base Voltage 
the value of which is Set every predetermined time period 
and invariable within each predetermined time period, and 
an addition Voltage which has a fixed value and is variable 
in Voltage applying time, a comparator for comparing the 
output of the flow rate detecting circuit with a reference 
value is provided to output a binary Signal having a first level 
indicating that the heating of the temperature Sensing ele 
ment is insufficient and a Second level indicating the other 
cases, the binary Signal output from the comparator is 
Sampled at a predetermined period to count the appearance 
frequency of the first level every predetermined time period 
and achieve the count value thereof every predetermined 
time period, the base Voltage is adjusted So that when the 
count value is within a predetermined range, the value of the 
base Voltage in a Subsequent predetermined time period is 
not changed, when the count Value is larger than the upper 
limit of the predetermined range, the value of the base 
Voltage in the Subsequent predetermined time period is 
increased by a predetermined Step value and when the count 
value is smaller than the lower limit of the predetermined 
range, the value of the base Voltage in the Subsequent time 
period is reduced by the predetermined Step value, and the 
addition Voltage is applied during only a time period when 
the binary Signal output from the comparator has the first 
level. 
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0022. In an aspect of the present invention, the addition 
Voltage is Set to two times to four times of the Step value of 
the base Voltage. In an aspect of the present invention, the 
predetermined range of the count value has a lower limit 
value which is Smaller than a half of the Sampling frequency 
within the predetermined time period and larger than Zero, 
and has an upper limit value which is larger than a half of 
the Sampling frequency within the predetermined time 
period and Smaller than the Sampling frequency. 
0023. In order to attain the above objects, according to 
the present invention, there is provided a thermal type 
flowmeter having a heating element and a flow rate detection 
circuit containing a temperature Sensing element for flow 
rate detection disposed So as to be affected by the heating of 
the heating element and perform heat transfer from/to fluid, 
the heating of the heating element being controlled on the 
basis of a Voltage applied to the heating element, the applied 
Voltage to the heating element being controlled on the basis 
of the output of the flow rate detection circuit and the flow 
rate of the fluid being measured on the basis of the applied 
Voltage, characterized in that the applied Voltage to the 
heating element is equal to the total Voltage of a base Voltage 
the value of which is Set every predetermined time period 
and invariable within each predetermined time period, and 
an addition Voltage which has a fixed value and is variable 
in Voltage applying time, a comparator for comparing the 
output of the flow rate detecting circuit with a reference 
value is provided to output a binary Signal having a first level 
indicating that the heating of the temperature Sensing ele 
ment is insufficient and a Second level indicating the other 
cases, the binary Signal output from the comparator is 
Sampled at a predetermined period to count the appearance 
frequency of the first level every predetermined time period 
and achieve the count value thereof every predetermined 
time period, the base Voltage is adjusted So that when the 
count value is within a predetermined range, the value of the 
base Voltage in a Subsequent predetermined time period is 
not changed, when the count Value is larger than the upper 
limit of the predetermined range, the value of the base 
Voltage in the Subsequent predetermined time period is 
increased by a predetermined Step value and when the count 
value is smaller than the lower limit of the predetermined 
range, the value of the base Voltage in the Subsequent time 
period is reduced by the predetermined Step value, the 
addition Voltage is applied during only a time period when 
the binary Signal output from the comparator has the first 
level, and a data interpolating calculation is made by using 
an instantaneous flow rate converting table comprising plu 
ral individual calibration curves which indicate the relation 
ship between the applied Voltage to the heating element and 
the instantaneous flow rate every discrete temperature value, 
thereby achieving an instantaneous flow rate value at an 
environmental temperature. 
0024. In an aspect of the present invention, the individual 
calibration curves are created for discrete values of possible 
values of the Voltage to be applied to the heating element, 
and when the instantaneous flow rate value is achieved, a 
data interpolation calculation is carried out to achieve the 
instantaneous flow rate value corresponding to a Voltage 
value applied to the heating element. In an aspect of the 
present invention, the discrete values are Set to the minimum 
values of values having the same high-order bit values of 
possible digital values of the Voltage to be applied to the 
heating element, and when the data interpolation calculation 
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is carried out, the instantaneous flow rate values correspond 
ing to first discrete values having the same high-order bit 
values as the Voltage value applied to the heating element 
and Second discrete values whose high-order bit values are 
larger than that of the Voltage value applied to the heating 
element by 1 are achieved by the individual calibration 
CUWCS. 

0025. In an aspect of the present invention, the addition 
Voltage is Set to two times to four times of the Step value of 
the base Voltage. 
0026. In an aspect of the present invention, the predeter 
mined range of the count value has a lower limit value which 
is Smaller than a half of the Sampling frequency within the 
predetermined time period and larger than Zero, and has an 
upper limit value which is larger than a half of the Sampling 
frequency within the predetermined time period and Smaller 
than the sampling frequency. 
0027. In order to attain the above objects, according to 
the present invention, there is provided a flowmeter having 
an indirectly heated type flow rate Sensor unit in which a 
flow rate detector containing a heating element and a tem 
perature Sensing element for flow rate detection is joined to 
a heat transfer member for flow rate detection, a fluid flow 
rate value being achieved with a calibration curve on the 
basis of the output of a detection circuit containing the 
temperature Sensing element for flow rate detection, char 
acterized in that the calibration curve comprises three por 
tions corresponding to three areas of the output value of the 
detection circuit, and the three portions are represented by 
quaternary functions which use the output of the detection 
circuit as variables and are different in coefficient, a fluid 
flow rate value being achieved by using the portion of the 
calibration curve which corresponds to the area to which the 
output value of Said detection circuit belongs. 
0028. In an aspect of the present invention, the calibra 
tion curve is represented as follows: 

0029 wherein frepresents the fluid flow rate, V represents 
the output of the detection circuit, and a, b, c, d, et, a2, 
b2, c2, d2, e, as, b-s, cs, ds, ea represent coefficients. 
0030. In an aspect of the present invention, the detection 
circuit comprises a bridge circuit. In an aspect of the present 
invention, the flow rate Sensor unit has a fluid temperature 
detector containing a fluid temperature detecting tempera 
ture Sensing element and a fluid temperature detecting heat 
transfer member joined to the fluid temperature detector, and 
the detection circuit contains the fluid temperature detecting 
temperature Sensing element. 
0031. In order to attain the above objects, according to 
the present invention, there is provided a thermal type 
flowmeter which includes a casing member having a fluid 
flow passage extending from a fluid flow-in port to a fluid 
flow-out port, a flow rate detecting unit which is Secured to 
the casing member and varies in electrical characteristic 
value in accordance with the flow of the fluid in the fluid 
flow passage through the heat eXchange between the flow 
rate detecting unit and the fluid in the fluid flow passage, and 
a fluid temperature detecting unit which is Secured to the 
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casing member and varies in electrical characteristic value in 
accordance with the temperature of the fluid through the heat 
eXchange between the fluid temperature detecting unit and 
the fluid in the fluid flow passage, the flow rate of the fluid 
being also detected on the basis of the electrical character 
istic value of the fluid temperature detecting unit, charac 
terized in that a fluid residence area is formed at the 
upstream side, with respect to the flow of the fluid, of each 
of the position at which the heat exchange between the flow 
rate detecting unit and the fluid is carried out and the 
position at which the heat eXchange between the fluid 
temperature detecting unit and the fluid is carried out, the 
fluid residence area having a flow croSS Section which is five 
times or more, preferably ten times or more, as large as the 
flow croSS Section at the position where the heat eXchange 
between the flow rate detecting unit and the fluid is carried 
out or at the position where the heat eXchange between the 
fluid temperature detecting unit and the fluid is carried out. 
0032. In order to attain the above objects, according to 
the present invention, there is provided a thermal type 
flowmeter which includes a casing member having a fluid 
flow passage extending from a fluid flow-in port to a fluid 
flow-out port, a flow rate detecting unit which is Secured to 
the casing member and varies in electrical characteristic 
value in accordance with the flow of the fluid in the fluid 
flow passage through the heat eXchange between the flow 
rate detecting unit and the fluid in the fluid flow passage, and 
a fluid temperature detecting unit which is Secured to the 
casing member and varies in electrical characteristic value in 
accordance with the temperature of the fluid through the heat 
eXchange between the fluid temperature detecting unit and 
the fluid in the fluid flow passage, a fluid-temperature 
compensated flow rate of the fluid being detected by a 
detection circuit containing the flow rate detecting unit and 
the fluid temperature detecting unit, characterized in that a 
fluid residence area is formed at the upstream Side, with 
respect to the flow of the fluid, of each of the position at 
which the heat eXchange between the flow rate detecting unit 
and the fluid is carried out and the position at which the heat 
eXchange between the fluid temperature detecting unit and 
the fluid is carried out, the flow velocity of the fluid at the 
fluid residence area being equal to /S or less, preferably /10 
or less, of the flow velocity of the fluid at the position where 
the heat eXchange between the flow rate detecting unit and 
the fluid is carried out or at the position where the heat 
eXchange between the fluid temperature detecting unit and 
the fluid is carried out. 

0033. In an aspect of the present invention, the volume of 
the fluid residence area is 50 times or more as large as the 
Volume per unit length of the fluid flow passage in the fluid 
flow direction at the position where the heat eXchange 
between the flow rate detecting unit and the fluid is carried 
out or at the position where the fluid temperature detecting 
unit and the fluid is carried out. 

0034. In an aspect of the present invention, the fluid flow 
passage comprises a first flow passage part intercommuni 
cating with the fluid flow-in port, and a Second flow passage 
part intercommunicating with the fluid flow-out port, at 
which the heat eXchange between the flow rate detecting unit 
and the fluid is carried out and the heat eXchange between 
the fluid temperature detecting unit and the fluid is carried 
out, the fluid residence area is located between the first flow 
passage part and the Second flow passage part, and the flow 
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croSS Section of the first flow passage part is Smaller than the 
flow croSS Section of the fluid residence area. 

0035) In an aspect of the present invention, the second 
flow passage part has a part extending in parallel to the fluid 
residence area at the position where the heat eXchange 
between the flow rate detecting unit and the fluid is carried 
out and at the position where the heat eXchange between the 
fluid temperature detecting unit and the fluid is carried out. 
0036). In an aspect of the present invention, a filter is 
interposed at the intercommunication portion between the 
fluid residence area and the Second flow passage part. In an 
aspect of the present invention, the casing member is formed 
of metal. In an aspect of the present invention, the flow rate 
detecting unit is designed So that a heating element, a flow 
rate detecting temperature Sensing element and a flow rate 
detecting heat transfer member extending into the fluid flow 
passage are arranged So as to perform heat transfer therea 
mong, and the fluid temperature detecting unit is designed So 
that a fluid temperature detecting temperature Sensing ele 
ment and a fluid temperature detecting heat transfer member 
extending into the fluid flow passage are arranged So as to 
perform heat transfer therebetween. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 is a circuit diagram showing an embodi 
ment of a flowmeter according to the present invention; 
0038 FIG. 2 is a diagram showing a part of the con 
struction of the embodiment of the flowmeter according to 
the present invention; 

0039 FIGS. 3A and 3B are schematic cross-sectional 
views showing a flow rate sensor unit of the embodiment of 
the flowmeter according to the present invention; 
0040 FIG. 4 is a perspective view showing the flow rate 
Sensor unit of the embodiment of the flowmeter according to 
the present invention; 

0041 FIGS. 5A and 5B are schematic cross-sectional 
ViewS showing a modification of the flow rate Sensor unit 
shown in FIGS. 3A and 3B; 

0042 FIG. 6 is an exploded perspective view showing 
the construction of a flow rate detector; 

0043 FIG. 7 is an exploded perspective view showing 
the construction of a fluid temperature detector; 
0044 FIG. 8 is a diagram showing an example of cali 
bration curves in the flowmeter of the present invention; 
004.5 FIG. 9 is a partial circuit diagram showing another 
embodiment of the flowmeter according to the present 
invention; 

0046 FIG. 10 is a circuit diagram showing an embodi 
ment of the flowmeter according to the present invention; 

0047 FIG. 11 is a partial detailed diagram of the circuit 
diagram of FIG. 10; 

0048 FIG. 12 is a partial detailed diagram of the circuit 
diagram of FIG. 10; 

0049 FIG. 13 is a cross-sectional view showing a flow 
rate detection portion of the flowmeter; 
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0050 FIG. 14 is a cross-sectional view showing a flow 
rate detecting unit; 

0051) 
control; 

FIG. 15 is a time chart showing heater voltage 

0.052 FIG. 16 is a time chart showing variation of a 
heater Voltage and calculation of a flow rate value; 
0.053 FIG. 17 is a circuit diagram showing an embodi 
ment of the flowmeter according to the present invention; 
0.054 FIG. 18 is a partial detailed diagram of the circuit 
diagram of FIG. 17; 
0.055 FIG. 19 is a diagram showing an instantaneous 
flow rate converting table; 
0056 FIG. 20 is a flowchart showing the operation of a 
flow rate integrating circuit of the flowmeter; 
0057 FIG. 21 is a diagram showing error measurement 
data of the flowmeter; 

0.058 FIG.22 is a schematic diagram showing a flow rate 
detection System of the flowmeter according to the present 
invention; 

0059 FIG. 23 is a cross-sectional view showing the flow 
rate detecting unit of the flowmeter according to the present 
invention; 
0060 FIG. 24 is a diagram showing an example of a 
calibration curve in the flowmeter according to the present 
invention; 

0061 FIG. 25 is a cross-sectional view showing an 
embodiment of the flowmeter according to the present 
invention; 
0.062 FIG. 26 is a partial cross-sectional view showing 
the embodiment of the flowmeter according to the present 
invention; 

0063 FIG.27 is a front view showing the embodiment of 
the flowmeter according to the present invention; 

0.064 FIG. 28 is a right side view showing the embodi 
ment of the flowmeter according to the present invention; 

0065 FIG. 29 is a bottom view of the embodiment of the 
flowmeter according to the present invention when a lid 
member is removed; 

0.066 FIG. 30 is a left side view showing the embodi 
ment of the flowmeter according to the present invention; 
0067 FIG.31 is a plan view showing the embodiment of 
the flowmeter according to the present invention; and 
0068 FIG. 32 is a schematic diagram showing a flow rate 
detection system of the embodiment of the flowmeter 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0069 Preferred embodiments according to the present 
invention will be described hereunder with reference to the 
accompanying drawings. 

0070 FIG. 1 is a diagram showing the circuit construc 
tion of an embodiment of a flowmeter according to the 
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present invention, and FIG. 2 is a diagram showing a partial 
construction of the flowmeter of FIG. 1. 

0071 FIGS. 3A and 3B are schematic cross-sectional 
ViewS showing a flow rate Sensor unit according to the 
embodiment, wherein FIG. 3A shows a state that the 
flowmeter is Secured to a flow passage member having a 
fluid flow passage, and FIG. 3B is a cross-sectional view 
taken along X-X of the flow rate sensor unit of FIG. 3A. 
FIG. 4 is a perspective view showing the flow rate sensor 
unit of the embodiment. FIGS. 5A and 5B are Schematic 
croSS-Sectional views showing a modification of the flow 
rate sensor unit shown in FIGS. 3A and 3B, wherein FIG. 
5B is a cross-sectional view taken along X-X of FIG. 5A. 
FIG. 6 is an exploded perspective view showing the con 
struction of a flow rate detector, and FIG. 7 is an exploded 
perspective view showing the construction of a fluid tem 
perature detector. First, the construction of a flow rate Sensor 
unit according to this embodiment will be described with 
reference to FIGS. 3A to 7. As shown in FIGS. 3A and 3B, 
a flow rate detector 5 is joined to the surface of a fin plate 
6 Serving as a heat transfer member for flow rate detection, 
and a fluid temperature detector 9 is joined to the surface of 
a fin plate 10 serving as a heat transfer member for fluid 
temperature detection. The flow rate detector 5, the fluid 
temperature detector 9 and parts of the fin plates 6, 10 are 
accommodated in a housing 2. 

0072. As shown in FIG. 6, the flow rate detector 5 is 
designed in the form of a chip by laminating, in the 
following order, a thin-film temperature Sensing element 31 
for flow rate detection, an interlayer insulating film 32, a 
thin-film heating element 33 with its electrodes 34, 35 and 
a protection film 36 on a rectangular substrate of about 0.4 
mm in thickneSS and about 2 mm in Square formed of Silicon, 
alumina or the like and then forming a pad layer 37 So that 
the bonding portion of the thin-film temperature Sensing 
element 31 for flow rate detection and the heating element 
electrodes 34, 35 are covered by the pad layer 37. 

0073. As the thin-film temperature sensing element 31 
may be used a metal resistance film having a high and Stable 
temperature coefficient Such as platinum (Pt), nickel (Ni) or 
the like which is patterned to have a thickness of about 0.5 
to 1 um and have a desired shape, for example, a meandering 
shape. Alternatively, a manganese oxide-based NTC ther 
mistor or the like may be used. Each of the interlayer 
insulating film 32 and the protection film 36 may be formed 
of SiO, and have a thickness of about 1 lum. As the thin-film 
heating element 33 may be used a resistor patterned to have 
a thickness of about 1 um and have a desired shape, which 
is formed of Ni, Ni-Cr, Pt or cermet such as Ta-SiO, 
Nb-SiO, or the like. The heating element electrode 34,35 
may be formed of a Nithin film having a thickness of about 
1 um, or both of a Nithin film of about 1 um in thickness 
and a gold (Au) thin film of about 0.5 am laminated on the 
Nithin film. As the pad layer 37 may be used an Authin film 
or Pt thin film of 0.2 mmx0.15 mm in area and about 0.1 um 
in thickness. 

0074 As shown in FIG. 7, the fluid temperature detector 
9 has substantially the same construction as the flow rate 
detector 5 except that the heating element 33, etc. are 
removed from the construction of the flow rate detector 5, 
that is, a thin-film temperature Sensing element 31' for fluid 
temperature detection similar to the thin-film temperature 
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Sensing element 31 for fluid temperature detection and a 
protection film 36' similar to the protection film 36 are 
laminated in this order on a Substrate 30' similar to the 
substrate 30, and also a pad layer 37' is formed so as to cover 
the bonding portion of the thin-film temperature Sensing 
element 31' for fluid temperature detection, thereby finally 
achieving the fluid temperature detector 9 as a chip. 
0075 One surface of the fin plate 6 (10) at one end 
portion thereof is joined to the surface of the flow rate 
detector 5 (the fluid temperature detector 9) at the substrate 
30 (30) side thereof through a joint member having excel 
lent thermal conductivity. The fin plate 6, 10 may comprise 
a rectangular plate of about 0.2 mm in thickneSS and about 
2 mm in width which is formed of copper, duralumin, 
copper-tungsten alloy or the like. Silver paste may be used 
as the joint member. 
0076. As shown in FIGS. 3A and 3B, the housing 2 of 
the Sensor unit is accommodated in a Sensor unit arrange 
ment portion formed in the flow passage member 14, and the 
other end portions of the fin plates 6, 10 extend into the fluid 
flow passage 13 formed in the fluid flow passage member 
14. The fin plates 6, 10 extend to pass through the center of 
the croSS Section in the fluid flow passage 13 having a 
substantially circular cross section. The fin plates 6, 10 are 
arranged along the flow direction (indicated by an arrow in 
FIG. 1) of the fluid in the fluid flow passage 13, so that the 
heat exchange between the fluid and each of the flow rate 
detector 5 and the fluid temperature detector 9 can be 
excellently carried out without greatly disturbing the fluid 
flow. 

0077. The housing 2 and the fluid flow passage member 
14 may be formed of synthetic resin. The respective elec 
trode terminals (pads) of the flow rate detector 5 and the 
fluid temperature detector 9 are connected to the inner lead 
portions (the in-housing portions) of the respective leads 7, 
11 by Au wires 8, 12. Each of the leads 7, 11 extend to the 
outside of the housing 2 So as to be partially exposed to the 
outside, thereby forming an outer lead portion. 
0078. In FIGS. 3A and 3B, the flow rate detector 5, the 
fluid temperature detector 9, parts of the fin plates 6, 10 and 
the inner lead portions are Sealingly accommodated in the 
housing 2 by resin filling. However, a Space 23 may be 
formed in the housing 22 as shown in a modification of 
FIGS. 5A and 5B. 

0079 Next, the circuit construction of the flowmeter of 
this embodiment having the Sensor unit as described above 
will be described with reference to FIGS. 1 and 2. 

0080. As shown in FIG. 1, alternating power of 100V is 
used as a power Supply Source, and DC voltages of +15V, 
-15V and +5 V are output from a DC converting circuit 71 
by using the alternating power of 100V. The DC voltage of 
+15V output from the DC converting circuit 71 is input to 
a Voltage Stabilizing circuit 72. 
0081. The stabilized DC voltage supplied from the volt 
age Stabilizing circuit 72 is Supplied to a bridge circuit 73. 
As shown in FIG. 2, the bridge circuit 73 contains the 
temperature Sensing element 31 for flow rate detection and 
resistors 74, 90 which are connected to one another in series, 
and the temperature Sensing element 31' for temperature 
compensation and resistors 75, R1 to R7 which are con 
nected to one another in series. The bridge circuit 73 is 
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equipped with a multiplexer 731 Serving as circuit charac 
teristic value variation driving means, and the multiplexer 
731 selectively connects the connection terminal b to one of 
the connection terminals c1 to c8 each of which is connected 
to a point between the respective two neighboring resistors 
of the resistors 75, R1 to R7. The characteristic value of the 
bridge circuit 73 can be varied in plural steps by the 
selection of any one of the connection terminals 1 to c8. The 
potential Va, Vb at the point a, b of the bridge circuit 73 is 
input to a differential amplifying circuit 76 of variable 
amplification factor. The output of the differential amplify 
ing circuit 76 is input to an integrating circuit 77. 
0082 The output of the voltage stabilizing circuit 72 is 
supplied to the thin-film heating element 33 through a field 
effect transistor 81 for controlling the current to be supplied 
to the thin-film heating element 33. That is, in the flow rate 
detector 5, the thin-film temperature sensing element 31 
executes the temperature Sensing (detecting) operation on 
the basis of the heating of the thin-film heating element 33 
with being affected by the endothermic action of fluid to be 
detected through the fin plate 6. As the result of the tem 
perature Sensing operation is achieved the difference 
between the potential Va at the point of a and the potential 
Vb at the point of b in the bridge circuit 73 shown in FIG. 
2. 

0083) The value of (Va-Vb) is varied due to variation of 
the temperature of the temperature Sensing element 31 for 
flow rate detection and the thin-film temperature Sensing 
element 31' for fluid temperature detection in accordance 
with the flow rate of the fluid. The value (Va.-Vb) may be set 
to zero at a different fluid flow rate in accordance with 
Selection of one of the terminals c1 to c8 to be connected to 
the terminal b by the multiplexer 731. At these flow rates, the 
output of the differential amplifying circuit 76 is equal to 
Zero, and thus the output of the integrating circuit 77 is equal 
to a fixed value. 

0084. The output of the integrating circuit 77 is input to 
a V/F converting circuit 78 to form a pulse signal having the 
frequency (for example, 5x10 at maximum) corresponding 
to the Voltage Signal. The pulse Signal has a fixed pulse width 
(time width) (for example, a desired value from 1 to 10 
microSeconds). For example, when the output of the inte 
grating circuit 77 is equal to 1 V, a pulse signal having a 
frequency of 0.5 kHz is output. When the output of the 
integrating circuit 77 is equal to 4V, a pulse Signal having a 
frequency of 2 kHz is output. The bridge circuit 73, the 
differential amplifying circuit 76, the integrating circuit 77 
and the V/F converting circuit 78 constitute the detection 
circuit. 

0085. The output of the V/F converting circuit 77 is 
Supplied to the gate of a transistor 81, and current is Supplied 
to the thin-film heating element 33 through the transistor 81 
the gate of which is Supplied with the pulse Signal. Accord 
ingly, the thin-film heating element 33 is Supplied with a 
divided Voltage of the output Voltage of the Voltage Stabi 
lizing circuit 72 through the transistor 81 in the form of a 
pulse at the frequency corresponding to the output value of 
the integrating circuit 77, So that the current flows through 
the thin-film heating element 33 intermittently to thereby 
heat the thin-film heating element 33. The frequency of the 
V/F converting circuit 77 is set on the basis of high-precision 
clocks which are Set on the basis of Oscillation of a tem 
perature-compensated type quartz oscillator 79. 
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0.086 The pulse signal output from the V/F converting 
circuit 77 is counted by a pulse counter 82. A microcomputer 
83 converts the pulse count result (pulse frequency) to the 
corresponding flow rate (instantaneous flow rate) on the 
basis of a reference frequency generated in a reference 
frequency generating circuit 80, and integrates the flow rate 
thus achieved with respect to the time, thereby calculating an 
integrated flow rate. 
0087. The selection of the connection between the con 
nection terminal band one of the connection terminals c1 to 
c8 through the multiplexer 731 is controlled by the micro 
computer 83 as shown in FIG. 2. The selection of the 
connection terminals c1 to c3 by the microcomputer 83 and 
the conversion to the flow rate are performed as follows. 
0088 That is, calibration curves for the conversion to the 
flow rate are stored in a memory 84. FIG. 8 shows examples 
of the calibration curves. These calibration curves contain 
S, S, Ss, . . . , and these calibration curves are used in 
asSociation with the circuit characteristic value Steps when 
the connection terminals c1, c2, c3 . . . are Selected by the 
multiplexer 731, respectively. The calibration curves S, S., 
S., . . . constitute a data table achieved by Selectively 
connecting the connection terminal b and each of the con 
nection terminals c1, c2, c3, . . . and, under this State, 
measuring the output (pulse frequency) of the pulse counter 
82 every actual flow rate of the fluid. 
0089. In FIG. 8, the calibration curve S is mainly used 
when the connection terminal c1 of the multiplexer 731 is 
Selected to measure a flow rate range from 0 to F, S is 
mainly used when the connection terminal c2 of the multi 
plexer 731 is selected to measure a flow rate range from F. 
to F, S is mainly used when the connection terminal c3 of 
the multiplexer 731 is selected to measure a flow rate range 
from F to F, and so forth. Here, as shown in FIG. 8, F, 
<F<F<F<F<F, and the flow rate value F corre 
sponds to the output values fill, f of the calibration curves 
S, S. respectively, the flow rate value F2 corresponds to the 
output values f, f of the calibration curves S, S. 
respectively, the flow rate value F corresponds to the 
output Values f, f of the calibration curves S, S 
respectively, the flow rate value F corresponds to the 
output Values f21, f22 of the calibration curves S2, S. 
respectively, and So forth. That is, the neighboring flow rate 
ranges are partially overlapped with each other, and the 
overall measuring flow rate range is covered by these flow 
rate rangeS. 

0090 The microcomputer 83 first instructs the multi 
plexer 731 to Select a connection terminal cn to measure a 
certain flow rate range for example, makes an instruction to 
Select the connection terminal c2 to measure the flow rate 
range from F to F when the flow rate of the fluid to be 
detected is measured. Thereafter, the pulse frequency 
achieved from the counter 82 is converted to the flow rate by 
using a calibration curve Sn for example, the calibration 
curve S). When the flow rate value thus achieved is within 
the flow rate range corresponding to the Selected connection 
terminal cn for example, from F to F, the Selection of 
the connection terminal cn for example, c2 by the multi 
plexer 731 is kept. 

0091. On the other hand, when the flow rate value 
achieved is out of the flow rate range corresponding to the 
Selected connection terminal cn out of the range from F. 
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to F, the microcomputer instructs the multiplexer 731 to 
Select the connection terminal cm for example, c3 in order 
to measure the flow rate range for example, from F to F. 
to which the flow rate value achieved belongs. Likewise, the 
pulse frequency achieved from the counter 82 is converted 
to the flow rate by using a calibration curve S for example, 
S. When the flow rate value thus achieved is within the 
flow rate range for example, from F to F corresponding 
to the Selected connection terminal cm, the Selection of the 
connection terminal cm by the multiplexer 731 is kept. On 
the other hand, when the flow rate value thus achieved is out 
of the flow rate range for example, from F to F. 
corresponding to the Selected connection terminal cm, the 
microcomputer instructs the multiplexer 731 to select a 
connection terminal to measure a flow rate range to which 
the flow rate value thus achieved belongs. 

0092. Likewise, on the basis of the measured flow rate 
value achieved, the microcomputer 83 controls the multi 
plexer 731 to achieve a bridge circuit characteristic required 
to measure the flow rate value concerned at all times 
(specifically, Select one of the connection terminals), and 
performs the flow rate value measurement based on a proper 
calibration curve. 

0093. When some variation occurs in the flow rate while 
the flow rate is measured and thus the flow rate is out of the 
flow rate range corresponding to the Selected calibration 
curve, the Selection of the current calibration curve is 
Switched to the calibration curve corresponding to a flow 
rate range which is adjacent to and partially overlapped with 
the current flow rate range (the Selection of the connection 
terminal is Switched under the control of the multiplexer 
731). Accordingly, the selective switching between the cali 
bration curves for the neighboring flow rate ranges is carried 
out with directionality at the end portion of each flow rate 
range (for example, only the Switching from the calibration 
curve S to the calibration curve S is carried out at the flow 
rate value F, and only the Switching from the calibration 
curve S to the calibration curve S is carried out at the flow 
rate value F) as shown in FIG.8. With this setting, even 
when variation of the flow rate occurs in the neighborhood 
of the Switching flow rate value occurs, it is unnecessary to 
Selectively Switch the calibration curve frequently, and thus 
Stability of the measurement can be kept. 

0094. As shown in FIG.8, each of the calibration curves 
has a moderate slope (the rate of variation of the output pulse 
frequency to variation of the flow rate) in the flow rate range 
in which the calibration curve is mainly used, and the 
moderate flow rate variation with respect to the output 
variation can be implemented. Accordingly, in the flowmeter 
of this embodiment which is controlled to use the calibration 
curve S (indicated by a solid line in FIG. 8) constructed by 
predetermined respective flow rate range portions of the 
calibration curves, the flow rate measurement can be per 
formed in a broad flow rate range with excellent precision. 

0.095 When the flow rate of the fluid is increased/re 
duced, the output of the differential amplifying circuit 76 is 
varied in polarity (varied in accordance with the sign (posi 
tive or negative) of the resistance-temperature characteristic 
of the temperature Sensing element 31 for flow rate detec 
tion) and magnitude in accordance with the value of (Va.- 
Vb), and the output of the integrating circuit 77 is varied in 
accordance with this variation of the output of the differen 
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tial amplifying circuit 76. The variation rate of the output of 
the integrating circuit 77 can be adjusted by Setting the 
amplification factor of the differential amplifying circuit 76. 
The response characteristic of the control System is Set by 
the integrating circuit 77 and the differential amplifying 
circuit 76. 

0096. When the fluid flow rate is increased, the tempera 
ture of the temperature Sensing element 31 for flow rate 
detection is reduced. Therefore, Such an output (higher 
voltage value) that the heating value of the thin-film heating 
element 33 is increased (that is, the pulse frequency is 
increased) can be achieved from the integrating circuit 77, 
and the bridge circuit 73 is set to the equilibrium state at the 
time point when the output of the integrating circuit is equal 
to the Voltage value corresponding to the fluid flow rate. 

0097. On the other hand, when the fluid flow rate is 
reduced, the temperature of the temperature Sensing element 
31 for flow rate detection is increased. Therefore, Such an 
output (lower Voltage value) that the heating value of the 
thin-film heating element 33 is reduced (that is, the pulse 
frequency is reduced) can be achieved from the integrating 
circuit 77, and the bridge circuit 73 is set to the equilibrium 
State at the time point when the output of the integrating 
circuit 77 is equal to the Voltage corresponding to the fluid 
flow rate. 

0.098 That is, in the control system of this embodiment, 
the frequency (corresponding to the heating value) of the 
pulse current to be Supplied to the thin-film heating element 
33 is set so that the bridge circuit 73 is set to the equilibrium 
State, and implementation of the equilibrium State (the 
response of the control System) as described above can be 
performed within 0.1 Second, for example. 

0099. Accordingly, according to the flowmeter of this 
embodiment, even when the flow rate value to be detected 
is varied in a broad range and thus it is deviated from each 
flow rate range, a proper bridge circuit characteristic con 
formed with the flow rate range to which the flow rate value 
to be detected belongs can be immediately Set, So that the 
flow rate measurement can be performed with high precision 
on the basis of the bridge circuit characteristic thus Set. 

0100. The instantaneous flow rate and the integrated flow 
rate thus achieved are displayed on a display portion 25, and 
also transmitted to the outside through a communication line 
comprising a telephone line or other networks. Further, the 
data of the instantaneous flow rate and the integrated flow 
rate may be stored in the memory 84 if necessary. 

0101. In FIG. 1, reference numeral 85 represents a 
backup battery (for example, cell). 

0102) According to the above-described embodiment, the 
pulse signal generated in the V/F conversion circuit 78 is 
used to measure the flow rate, and it is easy to Sufficiently 
reduce the error of the pulse signal due to the temperature 
variation. Therefore, the errors of the flow rate value and the 
integrated flow rate value achieved on the basis of the pulse 
frequency can be reduced. Further, according to this embodi 
ment, the control of the current Supply to the thin-film 
heating element 33 is performed by ON/OFF based on the 
pulse signal generated in the V/F converting circuit 78. 
Therefore, the probability that a control error due to the 
temperature variation occurs is extremely Small. 
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0103). Further, this embodiment uses a minute chip con 
taining the thin-film heating element and the thin-film tem 
perature Sensing element as the flow rate detector, So that the 
high-speed response as described above can be implemented 
and the precision of the flow rate measurement is excellent. 
0104 FIG. 9 is a partial circuit diagram showing another 
embodiment of the flowmeter according to the present 
invention. In FIG. 9, the elements and parts having the same 
functions as shown in FIGS. 1 to 8 are represented by the 
Same reference numerals. In this embodiment, the construc 
tion of the bridge circuit 73 containing the circuit charac 
teristic value variation driving means is different from that 
of the embodiment shown in FIGS. 1 to 8, however, the 
other portions are Substantially the same as the embodiment 
shown in FIGS. 1 to 8. 

0105. In this embodiment, the bridge circuit 73 contains 
the in-Series connection between the temperature Sensing 
element 31 for flow rate detection and the resistor 74 and the 
in-Series connection between the temperature Sensing ele 
ment 31' for temperature compensation and resistors 75, r0 
to r3. The circuit characteristic value variation driving 
means of this embodiment carries out the Switch-on/off 
operation of a bypass containing field effect transistorS FET1 
to FET3 (Switching means) which are respectively con 
nected to the in-series connected resistors r1 to r3 of the 
bridge circuit in parallel. That is, Switching Signals from 
Switching terminals SW1 to SW3 of a Switching circuit 732 
controlled by the microcomputer 83 are input to the gates of 
the field effect transistors FET1 to FET3, respectively. The 
field effect transistors FET1 to FET3 are designed so that the 
Source-drain resistance values thereof under the Switch-ON 
state are sufficiently lower than r1 to r3 (for example, several 
tens m2) and the Source-drain resistance values thereof 
under the Switch-OFF state are sufficiently higher than r1 to 
r3 (for example, several MS2). Accordingly, the composite 
resistance value of the in-Series connected portion of the 
resistors r0 to r3 with the bypass in the bridge circuit 73 is 
varied as shown in the following Table 1 in accordance with 
the ON (for example, 4V) or OFF (for example, OV) state of 
the Switching Signals output from the Switching terminals 
SW1 to SW3 when ro=10 C2, r1=10 S2, r2=20 S2, r3=40 S2. 

TABLE 1. 

Composite resistance value of 
SW3 SW2 SW1 in-series connection portion ro to r3 

ON ON ON 1OS 
ON ON OFF 2O2 
ON OFF ON 3OS 
ON OFF OFF 40 
OFF ON ON SO 
OFF ON OFF 6OS 
OFF OFF ON 7O 
OFF OFF OFF 8O 

0106 The combination of the Switching signals output 
from the Switching terminals SW1 to SW3 of the Switching 
circuit 732 is controlled by the microcomputer 83 as 
described above to vary the characteristic value of the bridge 
circuit in plural StepS as in the case of the embodiment 
shown in FIGS. 1 to 8, and the flow rate can be measured in 
the same manner. 

0107 FIG. 10 is a circuit diagram showing an embodi 
ment of the flowmeter according to the present invention, 



US 2005/0261842 A1 

and FIGS. 11 and 12 are partially detailed diagrams of FIG. 
10. FIG. 13 is a cross-sectional view of a flow rate detection 
portion of the flowmeter according to the embodiment, and 
FIG. 14 is a cross-sectional view of a flow rate detecting unit 
or flow rate Sensor unit. 

0108) As shown in FIG. 13, a fluid flow passage 20a is 
formed in a casing member 20 formed of a material having 
excellent thermal conductivity Such as aluminum or the like. 
The fluid flow passage 20 intercommunicates with a fluid 
flow-in port (not shown) at the lower side thereof and with 
a fluid flow-out port (not shown) at the upper side thereof, 
so that the fluid flows in from the fluid flow-in port, passes 
upwardly along the fluid flow passage 20a and then flows 
out from the fluid flow-out port (as indicated by an arrow). 
0109) A flow rate detecting unit 24 and a fluid tempera 
ture detecting unit 26 are Secured to the casing member 20 
so as to face the flow passage 20a. As shown in FIG. 14, in 
the flow rate detecting unit 24, a flow rate detector 42 is 
joined to the Surface of a fin plate 44 Serving as a heat 
transfer member through a joint member 46 having excellent 
thermal conductivity, and the electrode pad of the flow rate 
detector 42 and an electrode terminal 48 are connected to 
each other by a bonding wire 50. The flow rate detector 42 
and the bonding wire 50, a part of the fin plate 44 and a part 
of the electrode terminal 48 are accommodated in a housing 
52 formed of synthetic resin. The flow rate detector 42 is 
designed as a chip by forming a thin-film temperature 
Sensing element and a thin-film heating element on a rect 
angular Substrate So that the thin-film temperature Sensing 
element and the thin-film heating element are insulated from 
each other, the Substrate being formed of Silicon, alumina or 
the like to be about 0.4 mm in thickness and about 2 mm in 
Square. 

0110. The fluid temperature detecting unit 26 corre 
sponds to the construction achieved by using a fluid tem 
perature detector in place of the flow rate detector 42 in the 
flow rate detecting unit 24. In the fluid temperature detecting 
unit 26, “apostrophe () is affixed to the same reference 
numerals for the members associated with those of the flow 
rate detecting unit 24. The fluid temperature detector has the 
Same construction as the flow rate detector 42 except that the 
thin-film heating element is removed from the flow rate 
detector 42. 

0111. As shown in FIG. 13, the end portions of the fin 
plates 44, 44' projecting from the housings 52, 52 of the flow 
rate detecting unit 24 and the fluid temperature detecting 
unit 26 extend into the flow passage 20a of the casing 
member 20. The fin plates 44, 44' extend so as to pass 
through the center in the croSS Section of the flow passage 
portion 8 having Substantially the circular croSS Section. The 
fin plates 44, 44' are arranged along the flowing direction of 
the fluid in the flow passage 20a, So that the heat transfer can 
be excellently performed between the fluid and each of the 
flow rate detector 42 and the fluid temperature detector A' 
without greatly affecting the flow of the fluid. 
0112 The tip portions of the electrode terminals 48, 48 
of the flow rate detecting unit 24 and the fluid temperature 
detecting unit 26 penetrate through a circuit board 60 
Secured to the casing member 20, and is connected to a 
flowmeter electrical circuit portion formed on the circuit 
board 60. A protection cover 62 is secured to the casing 
member 20 to protect the circuit board 60. 
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0113 As shown in FIG. 10, a DC voltage is supplied 
from a reference power Supply circuit 102 to a Sensor circuit 
(detection circuit) 104. The sensor circuit 104 comprises a 
bridge circuit as shown in FIG. 12. The bridge circuit 104 
comprises a flow rate detecting thin-film temperature Sens 
ing element 104-1 of the flow rate detecting unit 24, a fluid 
temperature compensating thin-film temperature Sensing 
element 104-2 of the fluid temperature detecting unit 26 and 
resistors 104-3, 104-4. The potential Va, Vb at the point a, 
b of the bridge circuit 104 is input to a differential ampli 
fying circuit (amplifier) 106, and the output of the differen 
tial amplifying circuit 106 is input to a comparator 108. The 
comparison result of the output voltage Signal of the ampli 
fier 106 and a reference voltage (Vref) is output as a binary 
signal from the comparator 108. When the output signal of 
the amplifier 106 is lower than the reference voltage (Vref), 
the comparator 108 outputs a low (L) level first level 
Signal, and when the output signal of the amplifier 106 is 
equal to or higher than the reference Voltage (Vref), the 
comparator 108 outputs a high (H) level second level 
Signal. 

0114) Further, as shown in FIG. 10, the DC voltage from 
the reference power Supply circuit 102 is Supplied to a 
thin-film heating element 112 of the flow rate detecting unit 
24 through a transistor 110 for controlling the current to be 
supplied to the heating element 112. That is, in the flow rate 
detector 24, the thin-film temperature sensing element 104-1 
carries out the temperature Sensing operation on the basis of 
the heating of the thin-film heating element 112 while being 
affected by the endothermic action of the fluid to be detected 
through the fin plate 44. As a temperature Sensing result, the 
difference between the potential Va at the point a of the 
bridge circuit 104 and the potential Vb at the point b of the 
bridge circuit 104 shown in FIG. 12 is achieved. 
0115 The value of (Va-Vb) is varied due to variation of 
the temperature of the flow rate detecting temperature Sens 
ing element 104-1 in accordance with the flow rate of the 
fluid. By properly presetting the characteristic of the bridge 
circuit 104 and properly setting the reference voltage (Vref) 
of the comparator 108, the output voltage signal of the 
amplifier 106 can be set to the reference voltage (Vref) of the 
comparator when the thin-film temperature Sensing element 
104-1 is kept to a predetermined heating State (that is, the 
temperature of the thin-film temperature Sensing element 
104-1 is equal to a predetermined value). In other words, the 
reference voltage (Vref) of the comparator is set to be equal 
to the value of the output Voltage achieved from the ampli 
fier 106 when the thin-film temperature sensing element 
104-1 is kept under the predetermined heating state. 

0116. When the fluid flow rate is increased/reduced, the 
output of the comparator 108 varies. The heating of the 
thin-film heating element (the heater for the Sensor) is 
controlled by using the output of the comparator 108. CPU 
120 is used to control the heating of the thin-film heating 
element 112 and further calculate the flow rate. The output 
of the comparator 108 is input through PLD 122 to a heater 
control circuit 124 of CPU 120 as shown in FIG. 10. The 
output of the heater control circuit 124 is converted to an 
analog signal by a D/A converter 128, the analog Signal thus 
achieved is input to an amplifier 130 to be amplified, and 
then the output voltage signal of the amplifier 130 is input 
to the base of the transistor 110. A signal is transmitted from 
the heater control circuit 124 to a flow rate integrating 
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calculation circuit 132 in CPU 120, and a calculation result, 
etc. are output from the flow rate integrating calculation 
circuit 132 to a display portion 134, whereby necessary 
displays are made on the display portion 134. 
0117. As shown in FIG. 11, PLD 122 has a synchronizing 
circuit 122a, an edge detecting circuit 122b and a 125 
counter 122c. The heater control circuit 124 has an "L' level 
counter 124a, a comparison circuit 124b and a heater Voltage 
circuit 124c. 

0118. A clock signal is input from a 4 MHZ clock circuit 
136 to CPU 120. The clock signal is converted to 1 MHz 
clock by a frequency-dividing circuit 138 in CPU 120 and 
then input to the 125-counter 122c in PLD 122 and the “L” 
level counter 124a in the heater control circuit 124. 

0119) The output of the comparator 108 is passed through 
PLD 122 and then input to the “L” level counter 124a to be 
Sampled every 1 usecond (predetermined period). The “L” 
level counter 124a counts an appearance frequency of “L’ 
level within 125 uSeconds (predetermined time period) set 
by the 125-counter 122c. The data of the count value (count 
data CD) thus achieved by the counter 124a are input to the 
comparison circuit 124b to be compared with a predeter 
mined range. The predetermined range may has a lower limit 
value (for example, 43) which is smaller than a half (62.5) 
of the sampling frequency (125) within the predetermined 
time period of 125 uSec and larger than Zero, and has an 
upper limit value (for example, 82) which is larger than a 
half of the sampling frequency within the predetermined 
time period of 125 uSec and Smaller than the Sampling 
frequency (125). 
0120 In the heater voltage circuit 124c, a control voltage 
this term is Sometimes used in the same meaning as the 
heater applied Voltage in this specification because it corre 
sponds to an applied voltage to the heater 112 input to the 
transistor 130 to control the applied voltage to the heater 112 
for Sensor is equal to the Sum of a base Voltage (Eb) and 
addition voltage (Ec). The base Voltage is selected from 
discrete values which are preset at intervals of predeter 
mined Step value. The value of the base Voltage is fixed 
within each predetermined time period, and the heating of 
the heater is roughly controlled by the base voltage. The 
addition Voltage has a fixed value, however, the applying 
time period or applying timing thereof is variable, So that the 
heating of the heater is finely controlled by the addition 
Voltage. It is appropriate that the addition Voltage is Set to a 
value which is from twice to four times as high as the Step 
value of the base Voltage. 
0121 The comparison circuit 124b instructs the heater 
Voltage circuit 124c to keep the previous base Voltage in the 
next predetermined time period when the count data CD is 
not less than the lower limit value Nd and not more than the 
upper limit value Nu. Further, when the count data CD is less 
than the lower limit value Nd, the comparison circuit 124b 
instructs the heater Voltage circuit 124c to reduce the base 
Voltage from the previous base Voltage by 1 Step value in the 
next predetermined time period. When the count data CD is 
more than the upper limit value Nu, the comparison circuit 
124b instructs the heater voltage circuit 124c to increase the 
base Voltage from the previous base Voltage by 1 Step value 
in the next predetermined time period. 
0122) The output of the comparator 108 is passed through 
PLD 122 and then input to the heater voltage circuit 124c. 
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On the basis of the input Signal, the heater Voltage circuit 
124c allows application of the addition voltage (Ec) during 
the period when the input signal is kept under “L” level, and 
prohibits application of the addition voltage (Ec) during the 
other period. 
0123 The heater voltage control as described above will 
be described in detail with reference to the time chart of 
FIG. 15. 

0.124 FIG. 15 shows the time-variation in the relation 
ship between the output signal (the input signal to the 
comparator 108) of the amplifier 106 connected to the bridge 
circuit 104 and the reference voltage (Vref) of the compara 
tor 108, and also shows the time-variation of the output 
signal of the comparator 108. Further, FIG. 15 shows 
variation of the count data CD input to the comparison 
circuit 124b achieved in the “L” level counter 124a every 
125 uSeconds, and also shows the time-variation of the 
heater applied voltage (Eh) in association with the variation 
of the count data CD. Further, FIG. 15 schematically shows 
the time-variation of an actual flow rate in association with 
the time variation of the heater applied voltage (Eh). 
0.125 The lower limit and upper limit values Nd and Nu 
set in the comparison circuit 124b are set to 43 and 82, 
respectively. In case of 43s CDs 82, on the basis of the 
instruction from the comparison circuit 124b, during the 
predetermined time period of 125 uSeconds Subsequent to 
the predetermined time period at which the count data CD is 
achieved, the base voltage Eb is not changed, but kept to the 
value at the just-before predetermined time period in the 
heater voltage circuit 124c. In case of CDC43, on the basis 
of the instruction from the comparison circuit 124b, during 
the predetermined time period of 125 uSeconds Subsequent 
to the predetermined time period at which the count data CD 
is achieved, the base Voltage Eb is reduced by only 1 Step 
voltage value (in this case, 10 mV) from the value at the 
just-before predetermined time period in the heater Voltage 
circuit 124c. In case of CD282, on the basis of the instruc 
tion from the comparison circuit 124b, during the predeter 
mined time period of 125 uSeconds Subsequent to the 
predetermined time period at which the count data CD is 
achieved, the base Voltage Eb is increased by only 1 Step 
voltage value (in this case, 10 mV) from the value at the 
just-before predetermined time period in the heater Voltage 
circuit 124c. 

0.126 On the other hand, in the heater voltage circuit 
124c, a prescribed addition voltage (Ec: 30 mV in this case) 
is applied during the period when the output signal of the 
comparator 108 is under “L” level, and no addition voltage 
is applied during the period when the output signal of the 
comparator 108 is under “H” level. 
0127. As described above, according to this embodiment, 
on the basis of count data CD achieved within a prescribed 
time period, the base Voltage within the Subsequent pre 
Scribed time period is properly Set, and the addition Voltage 
applying time period is properly Set in accordance with the 
output of the comparator. By combining these two control 
operations (Setting operations), the response of the control 
can be enhanced, the precision of the flow rate measurement 
can be enhanced and the thermal hysteresis can be reduced 
with a simple device construction. 
0128. The predetermined time period, the predetermined 
period, the base Voltage Step value, the addition Voltage 
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value and the other parameters may be properly Set in 
consideration of the predicted maximum variation of the 
flow rate So as to Support this predicted maximum variation. 
0129. As described above, the heating of the thin-film 
heating element 112 is controlled So that the temperature of 
the flow rate detecting temperature Sensing element 104-1 is 
equal to a predetermined value (that is, the heating State of 
the flow rate detecting temperature Sensing element 104-1 is 
Set to a predetermined State) irrespective of the variation of 
the fluid flow rate. At this time, the voltage (the heater 
applied Voltage) applied to the thin-film heating element 112 
corresponds to the fluid flow rate, So that it is taken out as 
the flow rate output in the flow rate integration calculating 
circuit 132 shown in FIGS. 10 and 11. For example, the 
instantaneous flow rate is output every 0.5 Second and the 
instantaneous flow rate thus output is integrated to achieve 
the integrated flow rate. 
0130 That is, as shown in FIG. 11, the integration value 
(XEc) of the addition voltage Ec applied for 0.5 second is 
achieved on the basis of the count data CD for each 
predetermined time period achieved in the “L” level counter 
124a, the integration value (X,Eb) of the base voltage Eb 
applied for 0.5 second is achieved on the basis of the base 
Voltage value Eb achieved in the heater Voltage circuit 124c, 
and the total value (X,Ec+XEb=XEh) is achieved (see FIG. 
16). This value is converted to the instantaneous flow rate 
value by using the calibration curves (instantaneous flow 
rate conversion table) which are measured and stored in 
advance. This instantaneous flow rate conversion table is a 
table indicating the relationship between the integration 
value of the heater applied voltage for 0.5 second and the 
flow rate value. Specifically, the instantaneous flow rate 
conversion table intermittently shows the relationship 
between the integration value of the heater applied Voltage 
and the flow rate value, and thus data are complemented to 
achieve the flow rate value from the actually-achieved 
integration value of the heater applied Voltage. The inte 
grated flow rate value is obtained by integrating the instan 
taneous flow rate values. 

0131 The output of the flow rate is displayed by the 
display portion 134. On the basis of the instruction from 
CPU 120, the instantaneous flow rate value and the inte 
grated flow rate value may be properly Stored in a memory, 
and these data may be transmitted to the outside through a 
communication line Such as a telephone line or other net 
WorkS. 

0132 FIG. 17 is a circuit diagram showing an embodi 
ment of the flowmeter according to the present invention, 
and FIG. 18 is a partially detailed diagram of the flowmeter 
of FIG. 17. 

0133. This embodiment has the same construction as the 
embodiment shown in FIGS. 10 to 16 except that an 
environmental temperature measuring circuit 140 and an 
A/D converter 142 shown in FIGS. 17 and 18 are added. 
The environmental temperature measuring circuit 140 is 
provided to the flowmeter electrical circuit portion (not 
shown) on the circuit board 60 shown in FIG. 13, and 
measures the temperature (environmental temperature) at 
this position. The environmental temperature measuring 
circuit 140 may be constructed by using a temperature 
Sensing resistor Such as a platinum resistor or the like, and 
outputs the electrical Signal corresponding to the environ 
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mental temperature (which is mainly determined by the 
effect of the external temperature and the temperature of the 
fluid). 
0.134. In this embodiment, the same operation as the 
embodiment shown in FIGS. 10 to 16 is performed except 
the measurement of the environmental temperature and the 
processing using the measurement result. 
0.135 According to this embodiment, in the same manner 
as the embodiment shown in FIGS. 10 to 16, the integration 
value (X,Ec) of the addition voltage Ec applied for 0.5 second 
is achieved on the basis of the value of the count data CD for 
each predetermined time period which is achieved by the 
“L” level counter 124a, the integration value (X,Eb) of the 
base voltage Lb applied for 0.5 second is achieved on the 
basis of the base Voltage Eb achieved in the heater Voltage 
circuit 124c, and then the total value thereof (X,Ec-XEb= 
XEh) (see FIG. 16). This total value is equal to any one of 
discrete values (represented by digital values of 29 bits in 
this embodiment). This value is converted to the instanta 
neous flow rate value by using the calibration curves (instan 
taneous flow rate conversion table) which are measured and 
Stored in advance. The instantaneous flow rate conversion 
table is a data table indicating the relationship between the 
integration value of the heater applied Voltage for 0.5 Second 
and the flow rate value. 

0.136. In this embodiment, the instantaneous flow rate 
conversion table comprises plural individual calibration 
curves formed every discrete temperature value. FIG. 19 
shows an example of the instantaneous flow rate conversion 
table as described above. Individual calibration curves T. 
T for four discrete temperature values t to t (5 C., 15 C., 
25° C. and 35° C) are shown in FIG. 19. In FIG. 19, each 
calibration curve is illustrated as a continuous line, however, 
this illustration is used for convenience's Sake of descrip 
tion. Actually, the association relationship between each of 
the discrete heater applied Voltages (integration values for 
0.5 second). . . EARn-1 EARn EARM-1 EARn, 2, . . . shown 
in FIG. 19 and the instantaneous flow rate is shown. In this 
embodiment, the instantaneous flow rate conversion table 
does not show the relationship for all the possible heater 
applied Voltage integration values. That is, the integration 
values of these possible heater applied Voltage are Sectioned 
into plural groups in order of the magnitude, and the 
minimum values of the respective groups are represented by 

EARn-1 EARn EARn-1 EARn, 2 . . . . The minimum 
values of those values which have the same high-order 8 bits 
in digital values that possibly represent the heater applied 
Voltages may be used as the above discrete representative 
values. In this case, 256 representative values are provided. 
0137) Further, as shown in FIGS. 17 and 18, an envi 
ronmental temperature value (for example, represented by a 
digital value of 10 bits) t is input from the environmental 
temperature measuring circuit 140 through the A/D con 
verter 142 to the flow rate integration calculating circuit 132. 
0.138. In the flow rate integration calculating circuit 132, 
the data interpolation calculation is carried out according to 
the procedure shown in FIG. 20 on the basis of the count 
data value CD, the base voltage Eb and the environmental 
temperature value t by using the instantaneous flow rate 
conversion table as described above to achieve the instan 
taneous flow rate value. 

0.139. That is, the heater applied voltage value XEh 
(=XEc-XEb) corresponding to the total value of the integra 
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tion value of the addition voltage Ec and the integration 
value of the base voltage Eb for 0.5 second is first calculated 
(S1). 
0140 Next, the individual calibration curves T, T (in 
the example of FIG. 19, n=2; that is, TIt=15 C., Tit 
25 C.) Satisfying tist<t for the environmental tempera 
ture value t measured (22°C. in the example of FIG. 19) are 
selected (S2). 
0141 Next, the Voltage values EA and EAR+1 Satis 
fying EARSXEh-EAR are achieved. That is, the repre 
Sentative value EA of the group having the value 
(10110100 in the example of FIG. 19) represented by the 
high-order 8 bits of XEh and the representative value E. 
of the group having the value (10110101 in the example of 
FIG. 19) achieved by adding the value of the high-order 8 
bits of XEh with “1” are achieved. The Voltage valueS EAR 
and EAR are converted to instantaneous flow rate Values 
F, F, F, FA on the individual calibration curves T, T. 
(S3). 
0.142 Next, the instantaneous flow rate values F, FAB 
on T, T1 corresponding to XEh are achieved from values 
F, F, F, FA by the data interpolating calculation. At this 
time, the following equations (1), (2) are used (S4). 

Fab=(Fa-Fb) CEh-EARn)/(EARn 1-EARn)+Fo (1) 
FAB-(FA-FB) CEh-EARn)/(EARn 1-EARn)+FB (2) 

0143 Next, the instantaneous flow rate value Ft corre 
sponding to XEh for the environmental temperature value t 
is achieved from F, FA by the data interpolating calcu 
lation. At this time, the following equation (3) is used (S5). 

0144. By achieving the instantaneous flow rate value Ft at 
the environmental temperature with the data interpolating 
calculation as described above, Volume of the data of the 
instantaneous flow rate conversion table can be reduced. In 
addition, the instantaneous flow rate measurement can be 
performed with extremely little measurement error due to 
the environmental temperature. FIG. 21 shows an example 
of the measurement result of the measurement error (display 
error) every flow rate value, which was achieved by using 
the flowmeter of this embodiment. It is apparent from FIG. 
21 that high precision within +1% in error was achieved. 
0145. In the flow rate integration calculating circuit 132, 
the instantaneous flow rate value achieved is also integrated 
to achieve the integrated flow rate value. 
0146 The flow rate outputs such as the instantaneous 
flow rate value and the integrated flow rate value thus 
achieved are displayed on the display portion 134. On the 
basis of the instruction from CPU 120, the instantaneous 
flow rate value and the integrated flow rate value may be 
properly Stored in a memory, and further may be transmitted 
to the outside through a communication line Such as a 
telephone line or other networkS. 
0147 FIG. 22 is a schematic diagram showing the over 
all construction of the flowmeter, particularly, the flow rate 
detection System of the flowmeter according to the present 
invention, and FIG.23 is a cross-sectional view showing the 
flow rate detecting unit. 
0148 First, the construction of a flow rate sensor unit of 
this embodiment will be described with reference to FIG. 
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23. As shown in FIG. 23, in a flow rate detecting unit 204, 
a flow rate detector 205 is joined to the Surface of a fin plate 
224 Serving as a heat transfer member by joint material 226 
having excellent thermal conductivity, and an electrode pad 
of the flow rate detector 205 and an electrode terminal 228 
are connected to each other through a bonding wire 220. 
Further, the flow rate detector 205 and the bonding wire 220, 
and a part of the fin plate 224 and a part of the electrode 
terminal 228 are accommodated in a Synthetic esin housing 
212. The flow rate detector 205 has the construction as 
shown in FIG. 6. 

0149. A fluid temperature detecting unit 206 has the same 
construction as the flow rate detecting unit 204 except that 
a fluid temperature detector is used in place of the flow rate 
detector 205 in the flow rate detecting unit 204. In the fluid 
temperature detecting unit 206, the parts corresponding to 
those of the flow rate detecting unit 204 are represented by 
the same reference numerals affixed with apostrophe “” 
The fluid temperature detector has the same construction as 
shown in FIG. 7. 

0150. As shown in FIG.22, the end portions offin plates 
224, 224' projecting from the housings 212, 212" of the flow 
rate detecting unit 204 and the fluid temperature detecting 
unit 206 extend into the fluid flow passage 203 of the fluid 
flow passage member 202. The fin plates 224, 224" extend 
to pass through the center in the croSS Section of the fluid 
flow passage 203 having a Substantially circular croSS Sec 
tion. The fin plates 224, 224 are arranged along the fluid 
flowing direction in the fluid flow passage 203, so that 
excellent heat transfer between each of the flow rate detector 
205 and the fluid temperature detector and the fluid can be 
performed without greatly affecting the fluid flow. 
0151 ADC voltage V1 is applied from a power supply 
circuit (not shown) to a bridge circuit 240. The bridge circuit 
240 comprises a thin-film temperature Sensing element 231 
for flow rate detection of the flow rate detecting unit 204, a 
thin-film temperature Sensing element 231' for temperature 
compensation of the fluid temperature detecting unit 206 and 
resistors 243, 244. The potential Va, Vb at the point a, b of 
the bridge circuit 240 is input to a differential amplifying/ 
integrating circuit 246. 
0152 ADC voltage V2 from the power supply circuit is 
supplied to a thin-film heating element 233 of the flow rate 
detecting unit 204 through a transistor 250 for controlling 
current to be supplied to the thin-film heating element 233. 
That is, in the flow rate detector 205, the thin-film tempera 
ture Sensing element 231 carries out the temperature Sensing 
operation on the basis of the heating of the thin-film heating 
element 233 with being affected by the endothermic action 
of the fluid to be detected through the fin plate 224. As a 
result of the temperature Sensing is achieved the difference 
between the potential Va at the point a of the bridge circuit 
240 and the potential Vb at the point b of the bridge circuit 
240 shown in FIG. 22. 

0153. The value of (Va-Vb) is varied due to variation of 
the temperature of the temperature Sensing element 231 for 
flow rate detection in accordance with the flow rate of the 
fluid. By properly Setting the resistance values of the resis 
tors 243, 244 of the bridge circuit 240 in advance, the value 
of (Va.-Vb) can be set to zero when the fluid flow rate is equal 
to a desired value (reference value). At the reference flow 
rate, the output of the differential amplifying/integrating 
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circuit 246 is equal to a fixed value (the value corresponding 
to the reference flow rate), and the resistance value of the 
transistor 250 is equal to a fixed value. In this case, a divided 
voltage to be applied to the thin-film heating element 233 is 
also equal to a fixed value, and thus the Voltage at the point 
P at this time indicates the reference flow rate. 

0154 When the fluid flow rate is increased/reduced, the 
output of the differential amplifying/integrating circuit 246 
varies in polarity (varied in accordance with positive/nega 
tive sign of the resistance-temperature characteristic of the 
temperature Sensing element 231 for flow rate detection) and 
magnitude, and the output of the differential amplifying/ 
integrating circuit 246 is varied in accordance with the 
variation in polarity and magnitude. 
O155 When the fluid flow rate is increased, the tempera 
ture of the temperature sensing element 231 for flow rate 
detection is reduced, and thus the differential amplifying/ 
integrating circuit 246 Supplies the base of the transistor 250 
with Such a control input that the resistance value of the 
transistor 250 is reduced to thereby increase the heating 
value of the thin-film heating element 233 (that is, to 
increase the power). 
0156. On the other hand, when the fluid flow rate is 
reduced, the temperature of the temperature Sensing element 
231 for flow rate detection increases, and thus the differen 
tial amplifying/integrating circuit 246 Supplies the base of 
the transistor 250 with Such a control input that the resis 
tance value of the transistor 250 is increased to thereby 
reduce the heating value of the thin-film heating element 233 
(that is, to reduce the power). 
O157 AS described above, the heating of the thin-film 
heating element 233 is feed-back controlled so that the 
temperature detected by the temperature Sensing element 
231 for flow rate detection is equal to a target value 
irrespective of the variation of the fluid flow rate. Further, 
the voltage (the Voltage at the point P) applied to the 
thin-film heating element 233 corresponds to the fluid flow 
rate, and thus it is taken out as an output of the flow rate. 
0158. The output of the flow rate of this detection circuit 
is A/D-converted by an A/D converter 252, and then con 
verted to the corresponding flow rate (instantaneous flow 
rate) by CPU 254. The flow rate thus achieved is integrated 
with respect to the time to calculate the integrated flow rate 
(integrated flow amount). The values of the instantaneous 
flow rate and the integrated flow rate can be displayed by an 
integrated flow rate display portion 256, and Stored in a 
memory 284. Further, these values may be transmitted to the 
outside through a communication line Such as a telephone 
line or other networkS. 

0159. The conversion from the output of the detection 
circuit to the flow rate in CPU 254 is carried out as follows. 
The calibration curve for conversion to the flow rate is stored 
in the memory 284 in advance. An example of the calibra 
tion curve is shown in FIG. 24. The calibration curve is 
represented as follows: 

f=asv'+bs v-cv---day--es(v2.sv) 
0160 wherein f liter/h) represents the fluid flow rate, 
VV represents the output of the detection circuit, and a, b, 
c1, d.1, e1, a2, b2, C2, d2, e2, a3, ba, ca, ds, ea represents 
coefficients. 
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0161 In the case shown in FIG. 24, 

0162 Accordingly, it is sufficient to store only the func 
tion style of f=av'+bv-cv--dv+e, two threshold values v, 
V Serving as boundaries of three areas of the output values 
of the detection circuit (the first area of 0s v-v, the Second 
area of Visv-V2, and the third area of Vasv), and the values 
of a to e (a, to e1, a to e, as to ea) every area as the content 
of the calibration curve to be stored in the memory 284, and 
thus the capacity of the memory 284 may be small. 

0163 FIG. 24 is a graph in which actual measurement 
values of the flow rate are plotted. These measurement 
values show the relationship between the output value of the 
detection circuit of the flowmeter when fluid is made to flow 
into the flowmeter of this embodiment and the flow rate 
value achieved by actually measuring the Volume of the fluid 
flown in the flowmeter, and it is apparent from FIG. 24 that 
these measurement values excellently meet the calibration 
CWC. 

0164. The technical background to explain that the mea 
Surement values excellently meet the calibration curve will 
be described. The flow rate measurement can be also per 
formed with excellent precision by using a calibration curve 
represented by one function over all the area of the output 
values of the detection circuit. However, in this case, Six 
order or higher-order function Styles are needed and the 
numerical calculation is extremely complicated. Therefore, 
according to the present invention, the area of the output 
values of the detection circuit is divided into three parts, and 
the calibration curves which have different coefficients, but 
are represented by the same function Style are used for all 
these three parts, whereby a four-order function Style can be 
used as the function Style. In addition, the flow rate mea 
Surement can be performed with excellent precision without 
increasing the memory capacity So much. 

0.165 Accordingly, the memory area used when the cali 
bration curve is individually set for each of plural environ 
mental temperature values can be prevented from being 
greatly increased, and this makes it easy to measure the 
environmental temperature and use a proper calibration 
curve (if necessary, extrapolation is carried out with use of 
two calibration curves) based on the environmental tem 
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perature thus measured, thereby performing the higher 
precision flow rate measurement. 

0166 The calibration curve as described above can be 
created by determining five coefficients of the above func 
tion Style for each area by using the least Squares method on 
the basis of the actual measurement as shown in FIG. 24. 
The threshold value v may be set so that the flow rate value 
is within the range from 0.5 to 2.0, and the threshold value 
V may be set So that the flow rate value is within the range 
from 4.0 to 12.0. With this setting, the calibration curve 
which excellently meets the actual measurement values as 
shown in FIG. 24 can be achieved. 

0167. In CPU 254, one of the three areas to which the 
output V of the detection circuit belongs is specified, and 
then the calculation using the function having the coeffi 
cients corresponding to the area thus Specified is made to 
achieve the flow rate value f. 

0168 As described above, in the flowmeter of this 
embodiment, the flow rate measurement can be performed 
with high precision even when the flow rate value to be 
detected varies in a broad range. 

0169. Further, according to this embodiment, the minute 
chip containing the thin-film heating element and the thin 
film temperature Sensing element is used as the flow rate 
detector. Therefore, the high response as described above 
can be implemented, and the precision of the flow rate 
measurement can be enhanced. 

0170 FIG. 25 is a cross-sectional view showing an 
embodiment of the flowmeter according to the present 
invention, and FIG. 26 is a partial cross-sectional view of 
the flowmeter of this embodiment. FIG. 27 is a front view 
of the flowmeter of this embodiment, FIG. 28 is a right side 
view of the flowmeter of this embodiment, FIG. 29 is a 
bottom view of the flowmeter of this embodiment when 
Some parts are removed, FIG. 30 is a left side view of the 
flowmeter of this embodiment, and FIG. 31 is a plan view 
of the flowmeter of this embodiment. FIG. 25 is an A-A 
cross-sectional view of FIG. 30, and FIG. 26 is a B-B' 
partial cross-sectional view of FIG. 27. 
0171 In these figures, three portions 304,306, 308 con 
Stituting a fluid flow passage are formed in a casing member 
302 formed of material having excellent thermal conductiv 
ity Such as aluminum or the like. The flow passage portion 
304 intercommunicates with a fluid flow-in port 314, and the 
flow passage portion 308 intercommunicates with a fluid 
flow-out port 316. The fluid flowing from the fluid flow-in 
port 314 into the flow passage portion 304 passes through 
the flow passage portion 306 and the flow passage portion 
308 and then flows out from the fluid flow-out port 316 (in 
the flowing direction as indicated by an arrow). The flow 
passage portion 306 constitutes a fluid residence area. A lid 
member 303 is detachably mounted at the lower portion of 
the casing member 302, and the lid member 303 constitutes 
a part of the casing member 302. 

0172 The flow passage portion 304 extends in the hori 
Zontal direction, the flow passage portion 306 extends in the 
vertical direction, and the flow passage portion 308 com 
prises a vertical portion 308a extending in the vertical 
direction and a horizontal portion 308b extending in the 
horizontal direction. A fluid Supply Source Side pipe is 
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connected to the fluid flow-in port 314, and a fluid demand 
side pipe is connected to the fluid flow-out port 316. 
0173 A male screw 310 is detachably screwed in the 
casing member 302 So as to close the port intercommuni 
cating with the upper portion of the flow passage portion 
306. A filter 312 including non-woven fabric comprising 
glass fiber, plastic fiber or the like which is held by a proper 
holder may be interposed in the intercommunication portion 
between the flow passage portion 306 and the flow passage 
portion 308. 
0.174. A flow rate detecting unit 324 and a fluid tempera 
ture detecting unit 326 are secured to the casing member 302 
so as to face the vertical portion 308a of the flow passage 
portion 308. The flow rate detecting unit 324 has the 
construction as shown in FIG. 23. The fluid temperature 
detecting unit 326 has the same construction as the flow rate 
detecting unit 324 except that a fluid temperature detector is 
used in place of the flow rate detector. The fluid temperature 
detector has the Same construction except that the thin-film 
heating element is removed from the flow rate detector. 
0.175. The end portions of fin plates 344, 344 projecting 
from the housings 352, 352 of the flow rate detecting unit 
324 and the fluid temperature detecting unit 326 extend into 
the vertical portion 308a of the flow passage portion 308 of 
the casing member 302. The fin plates 344, 344' extend to 
pass through the center in the croSS Section of the flow 
passage portion 308 having the Substantially circular croSS 
section. The fin plates 344, 344 are arranged along the flow 
direction of the fluid in the flow passage portion 308, so that 
heat transfer can be excellently performed between each of 
the flow rate detector 342 and the fluid temperature detector 
342 and the fluid without greatly affecting the flow of the 
fluid. 

0176 FIG. 29 is a bottom diagram when the lid member 
303 described above is removed, and shows the flow passage 
portion 306 and the vertical portion 308a of the flow passage 
portion 308. In this embodiment, as shown in FIGS. 29 and 
25, the flow passage portion (fluid residence area) 306 is 
formed So that the croSS Section thereof is Sufficiently larger 
than the cross section of the flow passage portion 308. The 
cross section of the flow passage portion 306 is set to be five 
times or more, preferably ten times or more as large as that 
of the flow passage portion 308, The volume of the flow 
passage portion 306 is larger than the Volume per unit length 
of the vertical portion 308a of the flow passage portion 308 
at which the flow rate detecting unit 324 and the fluid 
temperature detecting unit 326 are located. The volume of 
the flow passage portion 306 is preferably 50 times or more, 
more preferably 100 times or more, as large as the Volume 
per unit length of the vertical portion 308a. 
0177 As described above, the flow passage portion 306 
is located at the upstream Side, with respect to the fluid 
flowing direction, of the vertical portion 308a of the flow 
passage portion 308 at which the heat exchange for the flow 
rate detection is carried out, and it constitutes an area where 
the fluid flowing into the flow passage portion 308 stays 
temporarily. The fluid flow velocity at the flow passage 
portion 306 is smaller than that at the vertical portion 308a 
of the flow passage portion 308, and is preferably equal to 
/S or less, more preferably /10 or less, of the fluid flow 
velocity at the vertical portion 308a. 
0178. Further, the vertical portion 308a of the flow pas 
Sage portion 308 extends in parallel to and proximately to 
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the flow passage portion 306, and thus it is disposed to be 
liable to Suffer thermal influence of the fluid in the flow 
passage portion 306. 

0179 The cross section of the flow passage portion 304 
is Smaller than the croSS Section of the flow passage portion 
306, and it is set to the same level as the cross section of the 
flow passage portion 308. Accordingly, the fluid flow veloc 
ity in the flow passage portion 304 is the same level as the 
fluid flow velocity in the flow passage portion 308. 

0180 FIG. 32 is a schematic diagram showing a flow rate 
detection System of a thermal flowmeter according to this 
embodiment. A DC voltage is applied from a constant 
voltage circuit 402 to a bridge circuit (detection circuit) 404. 
The bridge circuit 404 comprises a flow rate detecting 
thin-film temperature sensing element 404-1 of a flow rate 
detecting unit 324, a temperature compensating thin-film 
temperature Sensing element 404-2 of a fluid temperature 
detecting unit 326 and variable resistors 404-3, 404-4. The 
potential Va, Vb at the point a, b of the bridge circuit 404 is 
input to a differential amplifying circuit 406, and the output 
of the differential amplifying circuit 406 is input to an 
integrating circuit 408. 
0181. The DC voltage from a power supply source is 
supplied to a thin-film heating element 412 of the flow rate 
detecting unit 324 through a transistor 410 for controlling 
current to be Supplied to the thin-film heating element 412. 
That is, in the flow rate detector of the flow rate detecting 
unit 324, the thin-film temperature sensing element 404-1 
carries out the temperature Sensing operation on the basis of 
the heating of the thin-film heating element 412 with being 
affected by the endothermic action of the fluid to be detected 
through the fin plate 344. As a result of the temperature 
Sensing operation, the differential between the potential Va 
at the point a of the bridge circuit 404 and the potential Vb 
at the point b of the bridge circuit 404 shown in FIG. 32 is 
achieved. 

0182. The value of (Va-Vb) is varied due to variation of 
the temperature of the flow rate detecting temperature Sens 
ing element 404-1 in accordance with the flow rate of the 
fluid. By properly Setting the resistance values of the resis 
tors 404-3, 404-4 of the bridge circuit 404 in advance, the 
value of (Va.-Vb) can be set to zero when the fluid flow rate 
is equal to a desired value (reference value). At the reference 
flow rate value, the output of the integrating circuit 408 is 
equal to a fixed value (the value corresponding to the 
reference flow rate value), and the resistance value of the 
transistor 410 is equal to a fixed value. In this case, a divided 
Voltage to be applied to the thin-film heating element 412 is 
also equal to a fixed value, and thus the Voltage at the point 
P at this time indicates the reference flow rate value. 

0183) When the fluid flow rate is increased/reduced, the 
output of the differential amplifying circuit 406 varies in 
polarity (varied in accordance with positive/negative sign of 
the resistance-temperature characteristic of the flow detect 
ing temperature Sensing element 404-1) and magnitude, and 
the output of the integrating circuit 408 is varied in accor 
dance with the variation in polarity and magnitude of the 
output of the differential amplifying circuit 406. 

0184. When the fluid flow rate is increased, the tempera 
ture of the flow rate detecting temperature Sensing element 
404-1 is reduced, and thus the integrating circuit 408 Sup 
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plies the base of the transistor 410 with such a control input 
that the resistance value of the transistor 410 is reduced to 
thereby increase the heating value of the thin-film heating 
element 412 (that is, to increase the power). 
0185. On the other hand, when the fluid flow rate is 
reduced, the temperature of the flow rate detecting tempera 
ture Sensing element 404-1 increases, and thus the integrat 
ing circuit 408 Supplies the base of the transistor 410 with 
Such a control input that the resistance value of the transistor 
410 is increased to thereby reduce the heating value of the 
thin-film heating element 412 (that is, to reduce the power). 
0186. As described above, the heating of the thin-film 
heating element 412 is feed-back controlled so that the 
temperature detected by the flow rate detecting temperature 
Sensing element 404-1 is equal to a target value irrespective 
of the variation of the fluid flow rate. Further, the voltage 
(the Voltage at the point P) applied to the thin-film heating 
element 412 corresponds to the fluid flow rate, and thus it is 
taken out as an output of the flow rate. 
0187. As in the case of the above embodiment, the flow 
rate output is properly A/D-converted by the A/D converter, 
and Subjected to operation processing Such as integration, 
etc. by CPU, and then the flow rate is displayed by the 
display portion. On the basis of the instruction from CPU, 
the instantaneous flow rate and the integrated flow rate can 
be properly Stored in the memory. Further, these data may be 
transmitted to the outside through a communication line 
Such as a telephone line or other networks. 
0188 In this embodiment, since the flow passage portion 
306 constitutes the fluid residence area, the fluid flow 
velocity at the flow passage portion 306 is low, and even 
when the temperature of the fluid flowing from the flow 
passage portion 304 into the flow passage portion 306 varies 
Sharply, the fluid newly Supplied into the flow passage 
portion 306 is mixed with the fluid which has already existed 
in the flow passage portion 306 before the temperature 
variation occurs, and thus there exists a time margin for 
averaging of the fluid temperature, So that the temperature 
variation of the fluid Supplied to the flow passage portion 
308 is moderated. In addition, the casing member 302' is 
formed of metal having excellent thermal conductivity, So 
that even when the temperature of the fluid flowing into the 
fluid flow passage of the casing member 302 varies sharply, 
the averaging of the temperature of the fluid in the flow 
passage is promoted by thermal conduction of the casing 
member 302, so that the effect of the sharp variation of the 
temperature of the flow-in fluid is moderated. 
0189 As described above, according to this embodiment, 
the temperature variation of the fluid in the vertical portion 
308a of the flow passage portion 308 at which the flow rate 
detecting unit 324 and the fluid temperature detecting unit 
326 are located is moderated. Therefore, even when the 
temperature of the flow-in fluid varies sharply, the fluid 
temperature detected by the fluid temperature detecting unit 
326 is substantially equal to the temperature of the fluid for 
which the flow rate is detected in the flow rate detecting unit 
324, So that the fluid temperature can be Surely compensated 
and the precision of the flow rate detection can be enhanced. 
The fluid temperature variation in the vertical portion 308a 
of the flow passage portion 308 at which the flow rate 
detecting unit 324 and the fluid temperature detecting unit 
326 are located is moderated, so that the operation of the 
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control System can be stabilized, and from this viewpoint, 
the flow rate detection precision can be enhanced. 

INDUSTRIAL APPLICABILITY 

0190. As described above, according to the flowmeter of 
the present invention, the flow rate can be measured with 
excellent precision over a broad flow rate range. 
0191). According to the present invention, by combining 
the two types of control operation, one of which is to 
properly Set, on the basis of the count Value achieved within 
a predetermined time period, the base Voltage within the 
Subsequent predetermined time period, and the other of 
which is to properly Set the applying period of the addition 
Voltage in accordance with the output of the comparator, the 
response of the heater control can be enhanced, the precision 
of the flow rate measurement can be enhanced and the 
thermal hysteresis can be reduced without complicating the 
circuit construction. 

0.192 Further, according to the present invention, the data 
interpolation calculation is carried out to achieve the instan 
taneous flow rate value at the environmental temperature, 
thereby reducing the data Volume of the instantaneous flow 
rate conversion table, and the variation of the measurement 
value due to the environmental temperature is prevented to 
perform the extremely high-precision flow rate measure 
ment. 

0193 Still further, according to the flowmeter of the 
present invention, the flow rate can be measured with 
excellent precision over a board flow rate range without 
increasing the capacity of the memory for Storing the 
calibration curves So much. 

0194 Still further, according to the present invention, the 
fluid residence area is formed at the upstream of the flow rate 
detecting unit and the fluid temperature detecting unit in the 
fluid flow passage, whereby the fluid temperature compen 
sation can be Surely performed even when the temperature 
of flow-in fluid varies sharply, thereby enhancing the pre 
cision of the flow rate detection. 

1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. Athermal type flowmeter having a heating element and 

a flow rate detection circuit containing a temperature Sensing 
element for flow rate detection disposed So as to be affected 
by the heating of the heating element and perform heat 
transfer from/to fluid, the heating of the heating element 
being controlled on the basis of a Voltage applied to the 
heating element, the applied Voltage to the heating element 
being controlled on the basis of the output of the flow rate 
detection circuit and the flow rate of the fluid being mea 
Sured on the basis of the applied Voltage, characterized in 
that the applied Voltage to Said heating element is equal to 
the total Voltage of a base Voltage the value of which is Set 
every predetermined time period and invariable within each 
predetermined time period, and an addition Voltage which 
has a fixed value and is variable in Voltage applying time, a 
comparator for comparing the output of Said flow rate 
detecting circuit with a reference value is provided to output 
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a binary Signal having a first level indicating that the heating 
of Said temperature Sensing element is insufficient and a 
Second level indicating the other cases, the binary Signal 
output from Said comparator is Sampled at a predetermined 
period to count the appearance frequency of the first level 
every predetermined time period and achieve the count 
value thereof every predetermined time period, the base 
Voltage is adjusted So that when the count value is within a 
predetermined range, the value of the base Voltage in a 
Subsequent predetermined time period is not changed, when 
the count Value is larger than the upper limit of the prede 
termined range, the value of the base Voltage in the Subse 
quent predetermined time period is increased by a predeter 
mined Step value and when the count value is Smaller than 
the lower limit of the predetermined range, the value of the 
base Voltage in the Subsequent time period is reduced by the 
predetermined Step value, and the addition Voltage is applied 
during only a time period when the binary Signal output from 
the comparator has the first level. 

8. The thermal type flowmeter as claimed in claim 7, 
wherein the addition Voltage is Set to two times to four times 
of the Step value of the base Voltage. 

9. The thermal type flowmeter as claimed in claim 7, 
wherein the predetermined range of the count value has a 
lower limit value which is Smaller than a half of the 
Sampling frequency within the predetermined time period 
and larger than Zero, and has an upper limit value which is 
larger than a half of the Sampling frequency within the 
predetermined time period and Smaller than the sampling 
frequency. 

10. A thermal type flowmeter having a heating element 
and a flow rate detection circuit containing a temperature 
Sensing element for flow rate detection disposed So as to be 
affected by the heating of the heating element and perform 
heat transfer from/to fluid, the heating of the heating element 
being controlled on the basis of a Voltage applied to the 
heating element, the applied Voltage to the heating element 
being controlled on the basis of the output of the flow rate 
detection circuit and the flow rate of the fluid being mea 
Sured on the basis of the applied Voltage, characterized in 
that the applied Voltage to Said heating element is equal to 
the total Voltage of a base Voltage the value of which is Set 
every predetermined time period and invariable within each 
predetermined time period, and an addition Voltage which 
has a fixed value and is variable in Voltage applying time, a 
comparator for comparing the output of Said flow rate 
detecting circuit with a reference value is provided to output 
a binary Signal having a first level indicating that the heating 
of Said temperature Sensing element is insufficient and a 
Second level indicating the other cases, the binary Signal 
output from Said comparator is Sampled at a predetermined 
period to count the appearance frequency of the first level 
every predetermined time period and achieve the count 
value thereof every predetermined time period, the base 
Voltage is adjusted So that when the count value is within a 
predetermined range, the value of the base Voltage in a 
Subsequent predetermined time period is not changed, when 
the count Value is larger than the upper limit of the prede 
termined range, the value of the base Voltage in the Subse 
quent predetermined time period is increased by a predeter 
mined Step value and when the count value is Smaller than 
the lower limit of the predetermined range, the value of the 
base Voltage in the Subsequent time period is reduced by the 
predetermined Step value, the addition Voltage is applied 
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during only a time period when the binary Signal output from 
the comparator has the first level, and a data interpolating 
calculation is made by using an instantaneous flow rate 
converting table comprising plural individual calibration 
curves which indicate the relationship between the applied 
Voltage to Said heating element and the instantaneous flow 
rate every discrete temperature value, thereby achieving an 
instantaneous flow rate value at an environmental tempera 
ture. 

11. The thermal type flowmeter as claimed in claim 10, 
wherein the individual calibration curves are created for 
discrete values of possible values of the Voltage to be applied 
to Said heating element, and when the instantaneous flow 
rate value is achieved, a data interpolation calculation is 
carried out to achieve the instantaneous flow rate value 
corresponding to a Voltage value applied to Said heating 
element. 

12. The thermal type flowmeter as claimed in claim 11, 
wherein the discrete values are Set to the minimum values of 
values having the same high-order bit values of possible 
digital values of the Voltage to be applied to Said heating 
element, and when the data interpolation calculation is 
carried out, the instantaneous flow rate values corresponding 
to first discrete values having the same high-order bit values 
as the Voltage value applied to Said heating element and 
Second discrete values whose high-order bit values are larger 
than that of the Voltage value applied to Said heating element 
by 1 are achieved by the individual calibration curves. 

13. The thermal type flowmeter as claimed in claim 10, 
wherein the addition Voltage is Set to two times to four times 
of the Step value of the base Voltage. 

14. The thermal type flowmeter as claimed in claim 10, 
wherein the predetermined range of the count value has a 
lower limit value which is Smaller than a half of the 
Sampling frequency within the predetermined time period 
and larger than Zero, and has an upper limit value which is 
larger than a half of the Sampling frequency within the 
predetermined time period and Smaller than the Sampling 
frequency. 

15. A flowmeter having an indirectly heated type flow rate 
Sensor unit in which a flow rate detector containing a heating 
element and a temperature Sensing element for flow rate 
detection is joined to a heat transfer member for flow rate 
detection, a fluid flow rate value being achieved with a 
calibration curve on the basis of the output of a detection 
circuit containing the temperature Sensing element for flow 
rate detection, characterized in that the calibration curve 
comprises three portions corresponding to three areas of the 
output value of Said detection circuit, and the three portions 
are represented by quaternary functions which use the output 
of Said detection circuit as variables and are different in 
coefficient, a fluid flow rate value being achieved by using 
the portion of the calibration curve which corresponds to the 
area to which the output value of Said detection circuit 
belongs. 

16. The flowmeter as claimed in claim 15, wherein the 
calibration curve is represented as follows: 

f=av'+bv--cv---dy--es (v.sv) 

wherein frepresents the fluid flow rate, V represents the 
output of the detection circuit, and a, b, c, d, e1, a2, 
b2, c2, d2, e2, a3, b, c, d, ea represent coefficients. 
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17. The flowmeter as claimed in claim 15, wherein said 
detection circuit comprises a bridge circuit. 

18. The flowmeter as claimed in claim 15, wherein said 
flow rate Sensor unit has a fluid temperature detector con 
taining a fluid temperature detecting temperature Sensing 
element and a fluid temperature detecting heat transfer 
member joined to Said fluid temperature detector, and Said 
detection circuit contains said fluid temperature detecting 
temperature Sensing element. 

19. A thermal type flowmeter which includes a casing 
member having a fluid flow passage extending from a fluid 
flow-in port to a fluid flow-out port, a flow rate detecting unit 
which is Secured to the casing member and varies in elec 
trical characteristic value in accordance with the flow of the 
fluid in the fluid flow passage through the heat eXchange 
between the flow rate detecting unit and the fluid in the fluid 
flow passage, and a fluid temperature detecting unit which is 
Secured to the casing member and varies in electrical char 
acteristic value in accordance with the temperature of the 
fluid through the heat eXchange between the fluid tempera 
ture detecting unit and the fluid in the fluid flow passage, the 
flow rate of the fluid being also detected on the basis of the 
electrical characteristic value of the fluid temperature detect 
ing unit, characterized in that a fluid residence area is formed 
at the upstream side, with respect to the flow of the fluid, of 
each of the position at which the heat eXchange between the 
flow rate detecting unit and the fluid is carried out and the 
position at which the heat eXchange between the fluid 
temperature detecting unit and the fluid is carried out, the 
fluid residence area having a flow croSS Section which is five 
times or more as large as the flow croSS Section at the 
position where the heat eXchange between Said flow rate 
detecting unit and the fluid is carried out or at the position 
where the heat eXchange between Said fluid temperature 
detecting unit and the fluid is carried out. 

20. The thermal type flowmeter as claimed in claim 19, 
wherein the flow croSS Section of the fluid residence area is 
ten times or more as large as the flow croSS Section at the 
position where the heat eXchange between Said flow rate 
detecting unit and the fluid is carried out or at the position 
where the heat eXchange between Said fluid temperature 
detecting unit and the fluid is carried out. 

21. The thermal type flowmeter as claimed in claim 19, 
wherein the volume of Said fluid residence area is 50 times 
or more as large as the Volume per unit length of the fluid 
flow passage in the fluid flow direction at the position where 
the heat eXchange between Said flow rate detecting unit and 
the fluid is carried out or at the position where said fluid 
temperature detecting unit and the fluid is carried out. 

22. The thermal type flowmeter as claimed in claim 19, 
wherein Said fluid flow passage comprises a first flow 
passage part intercommunicating with Said fluid flow-in 
port, and a Second flow passage part intercommunicating 
with Said fluid flow-out port, at which the heat eXchange 
between said flow rate detecting unit and the fluid is carried 
out and the heat eXchange between Said fluid temperature 
detecting unit and the fluid is carried out, Said fluid residence 
area is located between Said first flow passage part and Said 
Second flow passage part, and the flow croSS Section of Said 
first flow passage part is Smaller than the flow croSS Section 
of Said fluid residence area. 

23. The thermal type flowmeter as claimed in claim 22, 
wherein Said Second flow passage part has a part extending 
in parallel to Said fluid residence area at the position where 
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the heat eXchange between Said flow rate detecting unit and 
the fluid is carried out and at the position where the heat 
eXchange between Said fluid temperature detecting unit and 
the fluid is carried out. 

24. The thermal type flowmeter as claimed in claim 22, 
wherein a filter is interposed at the intercommunication 
portion between Said fluid residence area and Said Second 
flow passage part. 

25. The thermal type flowmeter as claimed in claim 19, 
wherein Said casing member is formed of metal. 

26. The thermal type flowmeter as claimed in claim 19, 
wherein Said flow rate detecting unit is designed So that a 
heating element, a flow rate detecting temperature Sensing 
element and a flow rate detecting heat transfer member 
extending into Said fluid flow passage are arranged So as to 
perform heat transfer thereamong, and Said fluid temperature 
detecting unit is designed So that a fluid temperature detect 
ing temperature Sensing element and a fluid temperature 
detecting heat transfer member extending into Said fluid flow 
passage are arranged So as to perform heat transfer therebe 
tWeen. 

27. A thermal type flowmeter which includes a casing 
member having a fluid flow passage extending from a fluid 
flow-in port to a fluid flow-out port, a flow rate detecting unit 
which is Secured to the casing member and varies in elec 
trical characteristic value in accordance with the flow of the 
fluid in the fluid flow passage through the heat eXchange 
between the flow rate detecting unit and the fluid in the fluid 
flow passage, and a fluid temperature detecting unit which is 
Secured to the casing member and varies in electrical char 
acteristic value in accordance with the temperature of the 
fluid through the heat eXchange between the fluid tempera 
ture detecting unit and the fluid in the fluid flow passage, a 
fluid-temperature-compensated flow rate of the fluid being 
detected by a detection circuit containing the flow rate 
detecting unit and the fluid temperature detecting unit, 
characterized in that a fluid residence area is formed at the 
upstream side, with respect to the flow of the fluid, of each 
of the position at which the heat eXchange between Said flow 
rate detecting unit and the fluid is carried out and the 
position at which the heat eXchange between Said fluid 
temperature detecting unit and the fluid is carried out, the 
flow velocity of the fluid at said fluid residence area being 
equal to "/S or less of the flow velocity of the fluid at the 
position where the heat eXchange between the flow rate 
detecting unit and the fluid is carried out or at the position 
where the heat eXchange between the fluid temperature 
detecting unit and the fluid is carried out. 

28. The thermal type flowmeter as claimed in claim 27, 
wherein said fluid residence area is formed so that the flow 
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velocity of the fluid is equal to /10 or less of the flow velocity 
of the fluid at the position where the heat eXchange between 
the flow rate detecting unit and the fluid is carried out or at 
the position where the heat eXchange between the fluid 
temperature detecting unit and the fluid is carried out. 

29. The thermal type flowmeter as claimed in claim 27, 
wherein the volume of Said fluid residence area is 50 times 
or more as large as the Volume per unit length of the fluid 
flow passage in the fluid flow direction at the position where 
the heat eXchange between Said flow rate detecting unit and 
the fluid is carried out or at the position where said fluid 
temperature detecting unit and the fluid is carried out. 

30. The thermal type flowmeter as claimed in claim 27, 
wherein Said fluid flow passage comprises a first flow 
passage part intercommunicating with Said fluid flow-in 
port, and a Second flow passage part intercommunicating 
with Said fluid flow-out port, at which the heat eXchange 
between said flow rate detecting unit and the fluid is carried 
out and the heat eXchange between Said fluid temperature 
detecting unit and the fluid is carried out, Said fluid residence 
area is located between Said first flow passage part and Said 
Second flow passage part, and the flow croSS Section of Said 
first flow passage part is Smaller than the flow croSS Section 
of Said fluid residence area. 

31. The thermal type flowmeter as claimed in claim 30, 
wherein Said Second flow passage part has a part extending 
in parallel to Said fluid residence area at the position where 
the heat eXchange between Said flow rate detecting unit and 
the fluid is carried out and at the position where the heat 
eXchange between Said fluid temperature detecting unit and 
the fluid is carried out. 

32. The thermal type flowmeter as claimed in claim 30, 
wherein a filter is interposed at the intercommunication 
portion between Said fluid residence area and Said Second 
flow passage part. 

33. The thermal type flowmeter as claimed in claim 27, 
wherein Said casing member is formed of metal. 

34. The thermal type flowmeter as claimed in claim 27, 
wherein Said flow rate detecting unit is designed So that a 
heating element, a flow rate detecting temperature Sensing 
element and a flow rate detecting heat transfer member 
extending into Said fluid flow passage are arranged So as to 
perform heat transfer thereamong, and Said fluid temperature 
detecting unit is designed So that a fluid temperature detect 
ing temperature Sensing element and a fluid temperature 
detecting heat transfer member extending into Said fluid flow 
passage are arranged So as to perform heat transfer therebe 
tWeen. 


