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(57) Claim

1. A vortex flowmeter arrangement for an internal 
combustion engine, including an air cleaner defined by an 
upper, qup-shaped cover and a lower, cup-shaped cover, a 
filter element disposed between open sides of the upper 
and lower covers to divide the air cleaner into upper and 
lower chambers, an air inlet defined in a side wall of the 
lower cover, an air outlet defined in a side wall of the 
upper cover, opposite the air inlet, such that an 
asymmetrical air flow velocity distribution prevails at an 
inlet zone of the air outlet, an elongate flowmeter duct 
having an outwardly flared bell mouth inlet coupled to 
said aif outlet, and vortex generating means disposed 
inside the duct, means for. correcting the air f’ow 
velocity to a substantially uniform or symmetrical 
distribution at the inlet zone of the air outlet, said 
correcting means including a tubular projection extending 
from the air outlet into the upper chamber, said 
projection having a concave taper in a direction toward 
the air outlet to define an outwardly flared air intake 
mouth.
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3. A vortex flowmeter arrangement for an internal 
combustion engine, including an air cleaner defined by an 
upper, cup-shaped cover and a lower, cup-shaped cover, a 
filter element disposed between open sides of the upper 
and lower covers to divide the air clearner into upper and 
lower chambers, an air inlet defined in a side wall of the 
lower cover, an air outlet defined in a side wall of the 
upper cover, opposite the air inlet, such that an 
asymmetrical air flow velocity distribution prevails at an 
inlet zone of the air outlet, an elongate flowmeter duct 
having an outwardly flared bell mouth inlet coupled to 
said air outlet, and vortex generating means disposed 
inside the duct, means for correcting the air flow 
velocity to a substantially uniform or symmetrical 
distribution at the inlet zone of the air outlet, said 
correcting means including a base portion of the upper 
cover merging smoothly with an upper edge of the air 
outlet, and defining a concave, outwardly flared air 
intake guide.
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VORTEX FLOWMETER

The present invention relates to a vortex flowmeter 

5 and, more particularly, to a vortex flowmeter for use in an

internal combustion engine.

In general, when a vortex flowmeter is employed in an
« » c

internal combustion engine, it is always provided at tl
< e « 
lit

... 10 downstream side of an air cleaner provided to remove dust
ft « t 

» * fl

J0,··, from air sucked into the engine, as shown, for example, inft β
ί Japanese Patent Publication No. 62-26686 and Japanese Patentt < o 0

Public Disclosure No. 58-21517,

Incidentally, if the flow of a fluid which is to be

15 measured is not stable, measuring accuracy thereof will be
5 « I t

’ lowered and in some cases measurement may not be possible at

all. Since a vortex flowmeter employed in an internal com­

bustion engine is provided at the downstream side of an air 

cleaner, as described above, it is in many cases impossible
J

20 to ensure sufficient space for a fluid to flow with the

required level of stability and consequently drift and turbu­

lent flows increase considerably when the flow rate is high. 

If a known straightening mechanism is employed in such an 

arrangement, generation of vortices may be obstructed,

25 Fig. 1 is a sectional view of a conventional vortex

flowmeter 1 which is provided at the downstream side of an 

air cleaner of an. engine. The vortex flowmeter 1 comprises 

a duct 11 having a quadrilateral cross-sectional
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configuration for passing a fluid which is to be measured, a 

first vortex generating column 12 provided inside the duct

11 to generate a Karman vortex, a second vortex generating 

column 13 provided inside the duct 11 at the downstream side

5 of the first vortex generating column 12 to generate a

Karman vortex, the second vortex generating column 13 having 

a vortex detecting pressure introducing port, a honeycomb

straightening 14 provided at the upstream end of the duct
I e rc <
*' 11, and a control circuit 15 provided outside the duct 11.

ί e I
, c, 10 An air cleaner 2 comprises an upstream cover 21 having ai < e ι » »

·► ·· fluid inlet, a downstream cover 22 having a fluid outlet

which is connected to the duct 11, and a dust removinge «
element 23 provided between the upstream cover 21 and the

downstream cover 22. An intake pipe 3 is connected to the

'■ 15 downstream end of the duct 11 to lead a fluid to the engine

through a throttle valve (not shown.) .

In the above-described arrangement, a fluid which is

to be measured, that is, air, flows into the upstream cover

21 of the air cleaner 2, as shown by the streamline Fj^, and 

, 20 then flows inside the downstream cover 22, as shown by thec c€ ί
streamlines Fi to F4, to reach the inlet of the vortex flow­

meter 1. Since the fluid tends to flow through a region

where the resistance is relatively low, in general the air 

flow along the streamline F2 has the highest flow velocity,

25 those along the streamlines Fi and F3 follow it, and the air 

flow along the streamline F4 has the lowest flow velocity.

The velocity of the air flow along the streamline F4 is

extremely unstable. The fluid reaching the inlet of the



-3-

« « ε* » eutc
t < cft ft
• « e
* ft c4 « C» ft ft

t · ft ft

10

15

20

vortex flowmeter 1 flows into the intake pipe 3 along the 

streamline F0Urp·

The following is a description of the flow velocity

distribution in the vortex flowmeter 1 of the fluid streams

flowing along the streamlines Fi to F4 in the air cleaner 2. 

Fig. 2 is an enlarged sectional view showing the outlet side 

of the air cleaner 2 and the upstream side of the vortex 

flowmeter 1. Reference numeral 11a in the figure denotes a 

bell mouth portion which is provided along the entire circum­

ference of the inlet of the duct 11, the bell mouth portion 

Ila being disposed at the downstream side of the honeycomb 

straightening device 14. Accordingly, after reaching the 

honeycomb straightening device 14, the fluid streams flowing 

along the streamlines Fi to F4, which would otherwise flow 

in the respective directions shown by the chain lines, are 

straightened by the honeycomb straightening device 14 so as 

to flow in the respective directions shown by the solid 

lines. Then, the fluid streams along the streamlines Fi and 

F3 are accelerated in the bell mouth portion 11a so that the 

flow velocities of these fluid streams approach that of the 

fluid stream along the streamline F2 that has the highest 

flow velocity, Accordingly, if it is assumed that there is 

no fluid stream along the streamline F4, the flow velocity 

distribution inside the duct 11 Immediately in front of the 

first vortex generating column 12 is relatively uniform, as 

shown by the solid line V^. In actuality, however, there is 

a fluid stream flowing along the streamline F4, and the 

fluid stream along the streamline F3 is therefore forced to

25



-4-

shift downwardly by the fluid stream along the streamline 

F4, resulting in a reduction in the flow velocity of this 

fluid stream in the vicinity of the bell mouth portion 11a. 

Thus, the flow velocity distribution is distorted, as shown

5 by the chain line '. A vortex that is generated when the 

flow velocity distribution is distorted as described above 

varies in intensity and sometimes disappears. Such a vortex 

condition is shown in Fig. 3. Vc shown in Fig. 3(a) denotes 

the center of a vortex column generated in the duct 11, that

10 is, the position of the vortex line. VQ shown in Fig, 3(b) 

”, denotes the intensity of the vortex, that is, the vortex
f ' :

:cs pressure. It is assumed that six vortices Vi to Vt ate

successively generated while the time T elapses from the 

right to the left as viewed in the figure. In the vortex

w 15 Vi , the distortion of the vortex line is not yet large.

However, as the vortices V2 to V< are successively gener­

ated, the degree of distortion increases, and the vortex 

line finally breaks in the vortex Vs . In the meantime, the 

vortex intensity VQ gradually decreases and reaches zero at

20 the time of generation of the vortex Vs in which the vortex
c ,

line breaks, More specifically, there is practically no 

vortex V5, After the vortex line has broken, a vortex V6 

having a relatively low vortex intensity VQ is generated, 

and the vortex intensity VQ gradually increases thereafter.

25 However, the vortex disappears again after the vortices Vi 

to V4 have been successively generated.

Thus, the conventional vortex flowmeter suffers from 

the following problems. The vortex disappears periodically,
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and the accuracy of the measurement is substantially 
lowered in the case of a fluid which is likely to cause 
many drift and turbulent flows, with the end result that 
the vortex flowmeter fails to serve its purpose.

It is an object of the present invention to provide 
a vortex flowmeter which is designed so that, even if a 
fluid which is to be measured is likely to cause many 
drift and turbulent flows, the flow of the fluid is 
stabilized so as to enable accurate and stable measurement 
of the flow rate.

To this end, the present invention provides in one 
aspect a vortex flowmeter arrangement for an internal 
combustion engine, including an air cleaner defined by an 
upper, cup-shaped cover and a lower, cup-shaped cover, a 
filter element disposed between open sides of the upper 
and lower covers to divide the air cleaner into upper and 
lower chambers, an air inlet defined in a side wall of the 
lower cover, an air outlet defined in a side wall of the 
upper cover, opposite the air inlet, such that an 
asymmetrical air flow velocity distribution prevails at an 
inlet zone of the air outlet, an elongate flowmeter duct 
having an outwardly flared bell mouth inlet coupled to 
said air outlet, and vortex generating means disposed 
inside the duct, means for correcting the air flow 
velocity to a substantially uniform or symmetrical 
distribution at the inlet zone of the air outlet, said 
correcting means including a tubular projection extending 
from the air outlet into the upper chamber, said 
projection having a concave taper in a direction toward 
the air outlet to define an outwardly flared air intake 
mouth.

The present invention provides in another aspect a 
vortex flowmeter arrangement for an internal combustion 
engine, including an air cleaner defined by an upper, 
cup-shaped cover and a lower, cup-shaped cover, a filter 
element disposed between open sides of the upper and lower 
covers to divide the air clearner into upper and 'lower 
chambers, an air inlet defined in a side wall of the lower 
cover, an air outlet defined in a side wall of the upper

5



ί cover, opposite the air inlet, such that an asymmetrical
hi ·' e '
j air flow velocity distribution prevails at an inlet zone
g of the air outlet, an elongate flowmeter duct having an
5 outwardly flared bell mouth inlet coupled to said air
5 5 outlet, and vortek generating means disposed inside the
] duct, means for correcting the air flow velocity to a

substantially uniform or symmetrical distribution at the
; inlet zone of the air outlet, said correcting means
7 including a base portion of the upper cover merging
; 10 smoothly with an upper edge of the air outlet, and

defining a concave, outwardly flared air intake guide.
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The above and other objects, features and advantages 

of the present invention will become more apparent from the 

following description of the preferred embodiments thereof, 

taken in conjunction with the accompanying drawings, in 

which like reference numerals denote like elements, and of

which:

Fig. 1 is a sectional view of a conventional vortex

flowmeter which is connected to an air cleaner of an

internal combustion engine;

Fig. 2 is an enlarged sectional view of an essential

part of the arrangement shown in Fig. 1;

Figs. 3(a) and 3(b) show the way in which vortices 

are generated in the conventional vortex flowmeter;

Fig. 4 is a sectional view of one embodiment of the 

vortex flowmeter according to the present invention which is 

connected to an air cleaner of an internal combustion engine;

Figs. 5(a) and 5(b) show the way in which vortices 

are generated in the vortex flowmeter according to the 

present invention:

Figs. 6 and 7 area sectional view and a fragmentary 

enlarged sectional view of another embodiment of the vortex 

flowmeter according to the present invention which is 

connected to an air cleaner of an internal combustion

engine; and

Figs. 8 and 9 are a sectional view and a fragmentary 

enlarged sectional view of still another embodiment of the
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vortex flowmeter according to the present invention which is

connected to an air cleaner of an internal combustion engine.

One embodiment of the present invention will be

5 described below in detail with reference to Figs. 4 and 5.

Fig. 4 is a sectional view of a vortex flowmeter 41 accord­

ing to this embodiment, the vortex flowmeter 41 being

connected between an air cleaner 2 and an intake pipe 3 of
t

' an internal combustion engine. Reference numeral lib

, 10 denotes a funnel portion of a duct 11. The funnel portion
• C ■ .

« ■ -c ' . '

., t, lib has a quadrilateral cross-sectional configuration and• « «
« .
' »* projects upstream of a honeycomb straightening device 14,

that is, it extends into the a,ir cleaner 2. The funnel

portion lib is provided over the entire circumference of the

15 inlet of the duct 11 in the same way as in the case of the

bell mouth portion 11a. The arrangement of the rest of the

vortex flowmeter 41 is the same as that of the conventional

vortex flowmeter 1 shown in Fig. 1.

In the above-described arrangement, a fluid which is 

20 to be measured flows through the air cleaner 2 in the same

way as in the prior art and reaches the funnel portion lib 

of the duct 11. Among the fluid streams, those flowing 

along the streamlines Fi to F3 pass through the funnel

portion lib to reach the honeycomb straightening device 14 

25 where the fluid flow is straightened, and the fluid streams

then pass through the bell mouth portion Ila, In this

course, the fluid stream along the streamline Fi is

throttled and consequently the flow velocity of this fluid
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stream Immediately in front of the honeycomb straightening 

device 14 becomes closer to that of the fluid stream along 

the streamline F2 than in the case of the prior art. The 

fluid stream along the streamline Fa , which forces the fluid 

stream along the streamline F3 to shift downwardly in the 

prior art, is directed so as to flow in a direction in which 

it increases the velocity of the fluid stream along the 

streamline F3 by the throttling function of the funnel 

portion lib. As a result, the flow velocity distribution

inside the duct 11 immediately in front of the first vortex 

generating column 12 becomes uniform. In consequence, the 

vortex line position Vc and the vortex intensity VQ are kept 

extremely stable as the time T elapses and vortices are 

therefore generated under normal conditiorxs, as shown in 

Figs. 5(a) and 5(b), resulting in an increase in the 

accuracy of the measurement. Since the funnel portion lib 

is provided along the entire circumference of the inlet of 

the duct 11, the flow velocity distribution which is perpen­

dicular to the first vortex generating column 12 is also 

made uniform, so that the generation of vortices is even 

more stabilized, It should be noted that the drawing rate 

of the funnel portion lib, that is, the dimensional ratio of 

the inlet to the outlet of the funnel portion lib is prefer­

ably set at from 1.1:1 to 1.5:1 in the direction parallel to 

the vortex generating column 12 and at from 1,2:1 to 1,5:1 

in the direction perpendicular to it with a view to obtain­

ing a vortex flowmeter having superior stability.

Fig. 6 is a sectional view of a vortex flowmeter 41

25
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according to another embodiment of the present invention,

which is connected between an air cleaner 2 and an intake

pipe 3 of an internal combustion engine, and Fig, 7 is an 

enlarged sectional view showing an essential part of the

5 arrangement shown in Fig, 6, Reference numeral 11b denotes 

a funnel portion lib of the duct 11 which projects upstream 

of the honeycomb straightening device 14, that is, extends 

into the air cleaner 2, The funnel portion lib is provided 

only on that portion of the duct 11 which faces the side of

10 the downstream cover 22 that is remote from the dust remov-
« c 

? f ί

«c ,. ing element 23, The funnel portion lib has such a confug-p « < ■'* «
uration that a fluid which is to be measured is throttled 

toward the inlet of the duct ll, The arrangement of the 

rest of this embodiment is the same as that of the first

15 embodiment stated above.

In the above-described arrangement, a fluid which is

to be measured flows through the ait cleaner 2 to reach the 

inlet of the duct 11, that is, the honeycomb straightening 

device 14, in the same way as In the prior art, Among· the

‘ fluid streams, those flowing along the streamlines Ft to Fa

are straightened by the honeycomb straightening device 14 

and then pass through the bell mouth portion Ila, In this 

course, the fluid, stream along the streamline F4, which 

forces the fluid stream along the streamline F3 to shift

25 downwardly in the prior art, is directed so as to flow in a 

direction in which the velocity of the fluid stream along 

the streamline Fa Is increased by the throttling function of 

the funnel portion lib. As a result» the flow velocity 

distribution Inside the duet 11 immediately m front of
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the 'first vortex generating column 12 becomes uniform, and 

vortices are therefore generated under normal conditions, 

resulting in an increase in the accuracy of the measurement.

Figs. 8 and 9 are a sectional view and a fragmentary 

enlarged sectional view of still Mother embodiment of the 

present invention. Reference numeral 22a denotes a throttle 

portion formed by shaping into a throttle-like configuration 

that portion of the downstream cover 22 of the air cleaner 

42 which is remote from the dust removing element 23 and 

which is connected to the duct 11, The arrangement of the 

rest of this embodiment is the same as that of the foregoing

embodiments,

In the above-described arrangement, the fluid streams 

along the streamlines Ft to Fg flow in the same way as in 

the prior art. However, th/: fluid stream along the stream­

line Fa is directed by the throttle portion 22a so as to 

flow along the streamline F3, thus increasing the velocity 

of the fluid stream along the streamline Fg . As a result, 

the flow velocity distribution inside the duct 11 immedi­

ately in front of the first vortex generating column 12 

becomes uniform, and vortices are therefore generated under 

normal conditions, resulting in an increase in the accuracy 

of the measurement.

Although the present invention has been described 

through specific terms, it should be noted here that the 

described embodiments are not necessarily exclusive and that 

various changes and modifications may be imparted thereto 

without departing from the scope of the invention which is 

limited solely by the appended claims,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1, A vortex flowmeter arrangement for an internal 

combustion engine, including an air cleaner defined by an 
upper, cup-shaped cover and a lower, cup-shaped cover, a 
filter element disposed between open sides of the upper 
and lower covers to divide the air cleaner into upper and 
lower chambers, an air inlet defined in a side wall of the 
lower cover, an air outlet defined in a side wall of the 
upper cover, opposite the air inlet, such that an 
asymmetrical air flow velocity distribution prevails at an 
inlet zone of the air outlet, an elongate flowmeter duct 
having an outwardly flared bell mouth inlet coupled to 
said air outlet, and vortex generating means disposed 
inside the duct, means for correcting the air flow 
velocity to a substantially uniform or symmetrica] 
distribution at the inlet zone of the air outlet, said 
correcting means including a tubular projection extending 
from the air outlet into the upper chamber, said 
projection having a concave taper in a direction toward 
the air outlet to define an outwardly flared air intake 
mouth.

2, A vortex flowmeter arrangement according to 
claim 1, wherein said projection only partially surrounds 
said air outlet, and extends towards a base of the upper 
Cover whereat the air flow velocity is lowest.

3, A vortex flowmeter arrangement for an internal 
combustion engine, including an air cleaner defined by an 
upper, cup-shaped cover and a lower, cup-shaped cover, a 
filter element disposed between open sides of the upper 
and lower covets to divide the air clear '£ into upper and 
lower chambers, an air inlet defined in a side wall of the 
lower cover, an air outlet defined in a side wall of the 

upper cover, opposite the air inlet, such that an 
asymmetrical air flow velocity distribution prevails at an 
inlet zone of the air outlet, an elongate flowmeter duct 
having an outwardly flared bell mouth inlet coupled to 
said air outlet, and vortex generating means disposed 
inside the duct, means for correcting the air flow 
velocity to a substantially uniform or symmetrical

VF 11 -

.Λ1Ρ
f



distribution at the inlet zone of the air outlet, said 
correcting means including a base portion of the upper 
cover merging smoothly with an upper edge of the air 
outlet, and defining a concave, outwardly flared air 
intake guide. '

4. A vortex flowmeter arrangement substantially as 
hereinbefore described with respect to any one of the 
embodiments as shown in Figures 4 to 9 of the accompanying 
drawings .

10
DATED: 3 December 1991
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