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ABSTRACT

A vortex flowmeter wherein a main body and a fitting
plate with a by-pass are integrally formed with each other
and the fitting plate placed at an outlet of a passage of
small diameter and of a constant sectlion extending from an
inlet of a large diameter with a continuous contraction.
The passage in the main body includes a vortex generator and
a vortex sensing means for detecting a vortex produced Dby
the vortex's generator. The by-pass line is composed of a
plurality of round through-holes arranged in a cilrcular

portion of the fitting plate.
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4 VORTEX FLOWMETER

BACKGROUND OF THE INVENTION

This invention relates to a vortex flowmeter and, more
particularly, to a simple and accurate vortex flowmeter uﬁit
for measuring air flow for a vehicle's engine.

A vortex flowmeter to which the principle 1is adapted
that number of vortexes produced per unit of time by a
vortex generator 1is proportional to the flow's velocity 1s
well known as a typical flowmeter adaptable to various kinds
of fluids because of its simple design and the possibllity
of having a vortex generator so shaped as to maintaln a
constant Strouhal number .over a wide range of Reynold's
numbérs. On the'other hand; since engines for vehicles are
required to be low in;polluting and high in efficiency, fuel
should be mixed w'ith alr at an 'optimum 'zfuel-'to-'-air ratio
and, in this.?:respec’t,:‘ a.n"a'ccurate air-—fl'ow' measufrement 1s
highly required.  'Maﬁy kinds of _ flowmeters, e,g.
therma--l'-type flowmeters and so ~on are adopted for this
purPOSe.. Slnce vortex flowmeters are capable of accurately
‘measurihg“ the_ alr-s flow, varylng within a wide range
corrésp0nding to‘the WOrking conditions of engines from the-
idli’.ng bdsition '_tcé. oPera"t.ing' at high speeds, they have
recen'tly been increasj.ngfly' applied to fuel systems for
engines, especiaily'to highperfbrmance engines.

A conventlonal vortex flowmeter for a vehicle's engine

comprises a flowmeter body whereln a vortex generator and an
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ultrasonic transmitting-receiving element for detecting a
Karman vortex street, produced by the vortex generator, are
unitarily included, a flow-rectifying device £for the
rectification of the air's flow to Dbe introduced into the
flowmeter's body and a duct for feeding measured alr 1into a
carburetor. The flow-rectifving device, the Vori:ex
generator body and the duct are separately made and
assembled into one system for actual use. The duct 1is
connected to the flowmeter's body by means of a specially
fitted plate which has an opening for passing therethrough a
flow of air to the flowmeter's body, a by-pass pipe forming
a by-pass flow passage and an adjusting port for maintaining
a constant ratio of the bypass flow of air to the main flow
of air in the flowmeter's maln body.

The above-mentioned conventional vortex flowmeter unit
is characterized in that 1ts measuring range can be
practically widened by providing the flowmeter with a
by-pass line and a ratio of the Dbypass flow to the. main
body's flow which can be corrected to a constant value
through the adjusting port ptovided. However, since the
main body and the by-pass line differ from each other 1in
passage shape,'the drag coefficient cannot always Dbe
constant over all required ranges of the flow's measurement
and ther‘efore an accurate compensation of the flow's ratlo
through the adjusting port is effective only for a certaln
limited flow rangeandcompensation for the other flow range
is made with accuracy to a specific allowance. 1In the

conventional vortex flowmeter it has not been possible to
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obtain an lncrease 1in accuracy of the flow's measurement
over the full required range of measurement. A separate

construction of the main body and the fitting plate requires

a separate molding in respective metal molds but also
requires their additional assembly. The above-mentioned
drawback of the conventional vortex flowmeter could not Dbe

avoided because the by-pass pipe was integrally molded with

the fitting plate.

10 SUMMARY OF THE INVENTION

It is an obiject of the present invention to provide a
vortex flowmeter unit which has a vortex flowmeter body

unitarily molded with 1its fitting plate so 1t can De

manufactured by using less molds at reduced cost and made

easy to assemble.

T+ is another object of the invention to provide a

vortex flowmeter with high accuracy and provided wilth a

20
bypass line having a number of through holes, sizes and

gquantity of which may be selected so as to keep constant the

ratio of flow therethrough 1in relation to that of the mailin

passage over the full range of the flow's measurement.

According to the present invention, there 1is

provided a vortex flowmeter unit comprising a maln body

having an inlet portion, a contraction portion followlng

said inlet portion, an outlet portion followilng sald

contraction portion, and an integrally formed fitting plate

30 following said outlet portion, said outlet portion having a
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substantially constant cross-sectional area, sald 1inlet
portion having a cross-sectional area greater than said
cross-sectional area of said outlet portion, a flow
rectifying device in said inlet portion, a vortex generator

means 1in said outlet portion, said vortex generator means

comprising a vortex generator and a vortex sSensor for

detecting a vortex signal from saild vortex generator, sald
fitting plate having a cross-sectional area greater than
said cross-sectional area of said outlet portion, and by-
10 pass means on said fitting plate comprising a plurality of

through holes arranged to form a generally circular section

of said fitting plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a conceptional illustration of a wvortex
flowmeter provided for a vehicle's engine.

Figure 2 is an expanded perspective view for explainlng
20
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an example of a conventional vortex flowmeter unit.

Figure 3 is a perspective view for explaining a vortex
flowmeter embodied in the present invention.

Figure 4 is a plane view for explaining another example

of a £itting plate.
DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 is a conceptional view of a vortex flowmeter for
use in a vehicle's engine, wherein 1 designates the main
body of a 'vortex flowmeter and 12 designates a honeycomb
type flo’w-—rectifying device which is made separately from
the main body 1 and is inserted in a port so as to calm down
the turbulence of the air's flow entering into the main body
1 of the vortex flowmeter. A vortex dgenerator 3 produces
vortexes 31-and an ultrasonic transmitter~receiver 4 detects
each vdrtex’31 and sends a détection signal modulated by an
ultrasbnic’#ortex to a cohverter {not shbwn) whereby vortex
signals are sensed and the' fl'ow ‘rate calculated therefrom.
A duct 5 is used f'or .leading the measured alr into the
ca_rburetor.." The' air to be meaSured coines into é case b
through an'inléthcle 61'in the.direction shOWn by the arrow
Q and it:is Cleared bf.duSt by an air Cleaner 7 and then it
flows_into the main body 1 of the vortex flowmeﬁer.

Fig, 2 is a perspective view showing a vortex flowmeter
unit whiChwas_préviously proposed by the presentlapplicant,
wherein'parts corresponding to those shown in Fig. 1 are

designated by the same reference numbers and will not be
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aexplatned further. In TFig. 2, numeral 11 designates an
inlet of a large diameter with a flow-rectifying device 12
inserted therein whereby the flow of air 1is rectified and
wherefrom it is contracted by a restrictor 13 in order to
enter into the passage 1l4. The passage 14 which has a
constant section substantially similar in form to the inlet
which is of a large diameter 11 but smaller in size than
said inlet 11 is intended to steadily lead the rectified
air's flow to the vortex generator 3 wherein alr vortexes
ar,e' steadily produced. A flange 15 1is connected to a
fitting plate 2 by using screws or the like through mounting
holes 15a provided therein. The above-mentioned main body 1
is integrally molded with resin together with all the
components'except for the vortex generator 3, the ultrasonic
transmitter~receiver elements 4 and the flow-~rectifving
dévice‘ 12 Thé. fitting piate 2, including a by-pass line
21, is molded with resin separately f:tom thel main body 1.
The fitting plate 2 hé.s :a _through' opening 22 of the same
size as that of the pas:sag'e 14 in the maln body 1 and a
stepped'frame 24_in'which the flange 15 is fitted. Mounting
holes 22afin_ the stepped 'fr'a'me 24 of the fitting plate 2 are
prdvid'eld , to coincide with the mounting holes 15a in the
flangels; Adﬁusting ports 23 which can be closed or opened
are providédforregulating the air's flow so as to maintain
a constant ratiobetween the by-pass f£low 21 in the by-pass
l‘ine. 21 and the 'main flow in the main body 1. The
-abovéementioned vortex'flowmeter unit, whereby the flow rate

of air passirig 'through' the main body 1 is measured and air
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flowing through the by-pass line 21 is added to the main
flow measured so as to widen the range of the flow's
measurement. Furthermore, the parallel arrangement of the
by-pass line 21, adapted to the engine's size makes 1t
possible to measure a larger flow rate.

The above-mentioned vortex flowmeter wunit has the
feature that its flow measurement range 1s actually widened
by attaching the byv-pass line 21 and the ratio of air flow
in the by-pass line 21 to that of the main body 1 and can be
corrected to a specified value by using adjusting ports 23.
However, since the main body 1 and the bypass line 21 differ
from each other in the section of their passages, the drag
coefficient cannot .be constant over the full range of the
reqgulred flow measurément and therefore accurate
compensation of the flow ratio through the adjusting ports
is limited to a certaln flow range and compensation for the
other flow ranges barely attains an allowable accuracy. In
the vortex flowmater. it has not been possible to obtaln an
increased accuracy of flow over' the full range of the
required flow's meaSurement. A separate construction of the
main body 1 and‘ the' fitting plate 2 reguires a separate
molding ‘process 1n respective molds but also requires
additional assembly work. The above-mentioned drawback of
the vortex fldwmeter unit could not be avoided because the
pypass 21 was integrally molded together with the fitting
plate'2. .

The present applicant has experimentally found that it

is possible to make the drag coefficient of the by-pass line



substantially equal to that of the main body by adopting a
fitting plate having as a by-pass a plurality of
small-diameter holes drilled therethrough in parallel and
thereby to obtain a constant flow ratio over the required
range of the flow's measurement. Furthermore, the design of
the flowmeter was simplified to allow for molding the main
body and the fitting plate into one unit. Namely, the
present invention has as its principal object the creatlion
of a highly accurate and inexpensive vortex flowmeter which
comprises a main body having a fitting plate being provided
with a by-pass and integrally formed therewith at the outlet
of a passage having a congtant section and a constant small
diameter with cont:i.nuous.~ contraction from an inlet of a
larger diameter whereln a flow-rectifyving device 1s
inserted, a Vortex'generator and a'vortex-sensing means for
detecting vortexes departing from said vortex generator, and
which 1is charac.terized in that said fitting plate has .a
plurality. of' round through-holes p'laced parallel to each
other within a circular portion thereof to form a multi~hole
by-pass line.

Fig. ‘ 3 is a perspective view of a vortex flbwmet'er
adcording' tb the preSent invention, whereln components
corresponding to those of Fig. 2 are indic'ated by the same
reference numbers with no further explanation. In Fig. 3, a
fittingplate 16 is molded integrally with the main body 1
in such a way that 1t forms a flange eccentrically disposed
at the outlet 141 of the passage 14. Said fitting plate 16

is inserted into a duct in the same way as shown 1in Fig. 1.
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A sealing member 19, e.g. a sealing ring is fitted on the
periphery of the fitting plate 16 so as to seal a gap formed
round the fitting plate 16 inserted in the duct 5. The
by-pass line 18 consists of a plurality of round holes of a
small diameter 18a, 18b, ...18n drilled through within a
circular portion 17 of the fitting plate 16. The present
applicant's experiments show that when only one round hole
18 is provided, Karman vortexes are discharged into the duct
5 through the round hole 18 at a speed corresponding to the
flow rate and at thé same time they cause +the noilsy
vibrating of the fitting plate 16, but when a plurality of
the round holes 18 are provided, Karman vortexes produced
through the round holes 18a, 18b, ...18n interfere with each
other the to calm the vibrations down, i.e. the noise is
eli'mina.ted. The results of".the experiments indicate that a
constant ratlo of the by-pass flow in the by-pass line 21 to
the main~flow.in,the main body 1 can be maintained at every
flow rate in case of 3n (n-1) + 1 (.natural number nz2),
especially, n=3. .

In Fig... 4, a fitting plate 16, having a plurality ‘of
cir_cular : perfbrated portions 171, 172, is illustrated
‘ vit'ewi'ng the inlet side through the outlet. The more the
. by-_-'pass 1ines, the' more the by-pass flow. Although in the
-abbveé-menticne’d embodiment the round holes 18a, 18b ...1l3n
are of the same dia.metér, it 1is possib.le to provide round
hoiesof different diameters because the drag coefficient
may be 'somewhat differ’ent.- depending upon the shape' of the

vortex generatbr 3. In Figs. 3 and 4, adjusting ports 23
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are not shown but may also be provided since each of the
round holes 18a, 18b, ...18n are made with a machining
error. It is also possible to take other countermeasures,
e.g. for example by closing some of the round holes 18.
Furthermore, the shape of the vortex generator and the kind
of vortex sensors are not limited to those of the
above-mentioned embodiment.

As is apparent from the foregoing description,
according to the present invention, 1t 1s possible to
provide an accurate and inexpensive vortex flowmeter since
its main body and fitting plate are molded 1into one piliece 1n
order to cut the cost of materials, molding instruments and
the manufacturing process for assembling the unit. The
by-pass passage 1is composed of a plurality of round
through-holes and the ratio of the by-pass flow to the maln
flow can be kept at a constant value over a large range of
the flow's measurement by .selecting the size and number of

round holes.
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CLAIMS

1. A vortex flowmeter unit comprising a maln body having
an 1inlet portion, a contraction portion following said
inlet portion, an outlet portion following said contraction

portion, and an integrally formed fitting plate following

said outlet portion, said outlet ©portion having a
substantially constant cross-sectional area, said 1nlet
portion having a cross-sectional area dJreater than said
cross-sectional area of said outlet portion, a flow
rectifying device in said 1inlet portion, a vortex generator
means 1in said outlet portion, sald vortex generator means
comprising a vortex generator and a vortex sensor for
detecting a vortex signal from said vortex generator, said
fitting plate having a cross-sectional area greater than
said cross-sectional area of said outlet portion, and by-
pass means on said fitting plate comprising a plurality of

through holes arranged to form a generally circular section

of said fitting plate.

2 . A vortex flow unit according to claim 1, wherein said

i

by-pass means comprises a plurality of said generally

circular sections with each c¢ircular section having a

plurality of said through holes.

3. A vortex flow unit according to claim 1, wherein said

plurality of holes are circular holes.

4 . A vortex flow unit according to claim 1, wherein the

number (n) of through holes disposed 1in said circular

section is equal to 3n(n-1)+1 where (n) is a whole number

which is equal to or greater than 2.
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