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.This invention relates to signaling apparatus,
and more particularly to sirens of the type in
which the signal is produced by expelling a fluid
under pressure through apertures n a stator
which are alternately opened and closed by aper-
tures’'in g rotating rotor.

For the purposes of convenience and illustia-
tion, the invention will be discussed hereinafter
in connection with sirens employing air as the
driving fluid, although it is-apparent that the
invention may be employed in connection with
sirens employing other driving fluids for produc-
ing signals. :

Sirens of the type in which air is expelled
through apertures in a stator which are alter-
nately opened and closed by apertures in a rotat-
ing rotor generate sound because the puffs of
expelled air form at the outlets of the stator
apertures linear compressions and rarefactions in
the air constituting sound waves.

Sirens of this type have heretofore been char-
acterized by a relatively low efficiency. That is,
the power represented by the sound produced
has been relatively small compared to the power
represented by the available energy of the air
supplied to the siren, and also small compared
to the power required to drive the siren and
supply it with air. The inefficiency of such prior
sirens is largely caused by dissipation of the
available energy of the air by turbulence in and
impedance of the air flowing to and through the
stator apertures and leaving said stator apertures.
Such turbulence and impedance reduce the por-
tion of the energy of the air available for the
production of sound waves,

In prior sirens turbulence in the air caused by
expansion of the air beyond abrupt edges as it
passes through and discharges from the stator
apertures causes the largest loss of available en-
ergy and efficiency. In general, in such sirens
each stator aperture is formed with a sharp or
abrupt discharge edge in a plane surface of sub-
stantial area about the aperture.
conditions the air expelled under presstre
through the apeirture expands abruptly and be-
comes turbulent when it reaches the abrupt dis-
charge edge of the aperture. Such turbulence
dissipates a large portion of the energy of the
air, which would otherwise be available for the
production. of sound waves. .

Turbulence also occurs for a similar reason as
the air expands past the discharge edge of the
rotor &8 it moves across the stator aperture. In
most {f not all, prior sirens the time during
which an edge of a rotor aperture moves across_
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-and partially obstructs the stator aperture, which

occurs during opening and closing of the stator
aperture, is considerably greatér than the time
during which the stator aperture is entirely open
and entirely closed, this because the stator aper-
tures and rotor apertures are of substantially
equal sizes. Hence, the turbulence caused by air
expanding past the sharp edge of the rotor aper-
ture, as well as other turbulence caused by throt-
tling of the air through the partially obstructed
stator aperture, with the consequent dissipation
of energy, occurs for a large proportion of the
time of operation of prior sirens, with a conse-
quent loss of efficiency, ) ‘

The prior sirens in which each stator aperture
is only partially open fcr a relatively long time -
as compared with the time that it is fully open
and fully closed are also inherently inefficient
because only when it is fully open and fully closed
does a stator aperture most effectively produce
the compressions and rarefactions constituting
the sound waves. The stator aperture is much
less effective in producing sound waves when it is
only partially open, as occurs when it is being
opened and closed by the rotor aperture.

Impedance of the flow of air in prior sirens is
caused by obstructions to the flow of air to,
through, and from the stator apertures, by par-
tial obstruction of the stator apertures for sub-
-stantial periods by the rofor apertures, by tortu-
ous air paths, and by other factors, all of which
cause g loss of available energy of the air and
hence a loss in efficiency of the siren.

The present invention has for its primary ob-
Ject the provision of a siren of the type in which
the signal is produced by expelling air under
pressure through apertures in a stator which are
alternately opened and closed by apertures in a
rotating rotor of an efficiency much greater than
heretofore possible in prior devices of this type.
Another object is to reduce the losses in the
available energy of the air because of turbulence
in and impedance of ‘the air flow. These and
other objects of the invention and the means by
which they are achieved will be apparent from
the following discussion of the invention.

In a siren embodying the present invention
each stator aperture, which is unobstructed in
the sense that it is of the type through which
air passes to generate the sound, has associated
therewith at its outlet end an individual acoustic
horn the throat of which is of substantially the
same size and shape as the outlet end of the
aperture so that the horn, in effect, constitutes a
continuation of the aperture. Therefore the out-
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let end of the aperture has no abrupt edge which
can cause substantial turbulence and dissipation
of the energy of the air in the manner indicated
above. Moreover, since the horn is one which
substantially matches the impedance at the out-
let end of the stator aperture to the impedance
of the approximately plane wave of the sound
produced, it makes possible a highly efficient
utilization of the available energy of the sound
waves produced, and thus adds materially to the
efficiency of the siren. The horn advantageously
is of the exponential type having a cut-off fre-
quency lower than the frequency of the sound
produced by the siren, since for the same effects
an exponential horn is shorter than horns of
other types. The combination of an acoustic
horn with an unobstructed stator aperture ac-
cording to the invention provides a great increase
in siren efficiency.

According to the invention, moreover, each sta--

tor aperture and each rotor aperture are advan-
tageously so shaped and related that, as the rotor
rotates at a substantially uniform speed, the sta-
tor aperture is entirely open for a substantial
period and entirely closed for a substantial peri-
od, so that the time constituting the period dur-
ing which the stator aperture is entirely open
and entirely closed is substantial as compared
: to, and advantageously substantially longer than,
the time during which the stator sperture is only
partially open constituting the period during
which the stator aperture is being opened and
the period during which the stator aperture is
being closed. Under such conditions the length
of time during which turbulence can occur at the
edge of the rotor aperture due to expansion of the
air and due to throttling is reduced as compared
with the length of time during which such tur-
bulence is absent, with a consequent increase in
efficiency over prior sirens for this reason. More-
over, the length of time during which the stator
aperture operates most effectively to produce
sound waves, . e.,, when it is fully opened and
fully closed, is thus increased as compared with
the length of time when it is less effective in pro-

ducing sound wayves, 1. e, when i is being opened.
and when it is being closed, which also increases.

the efficiency of the aperture in producing sound
waves.

The combination of a stator aperture of the
above design with.a horn having a throat matched
to- the stator aperture as indicated above makes
possible the reduction to-the greatest possible ex-
tent of the turbulence of the air passing through
the stator aperture and thus makes possible the
maximum efficiency of the aperture.

According to the present invention, moreover,
the air may be supplied to the stator apertures
by, and the rotor may be disposed in, an air res-
ervoir of such large volume and so shaped that

_each aperture has a small radiation resistance
into the reservoir so that little of the available
energy in the air supplied to such stator aperture
can be dissipated in the production of sound
waves at the inlet side of the stator aperture where
they are ineffective. Advantageously the reser-
voir takes the form of a closed chamber having
in a wall thereof the stator apertures each of
which is connected as indicated above with an

. individual horn outside of said chamber, which
chamber contains therein & rotor having a por-
tion thereof which is mounted in close proximity
to the stator apertures and which has rotor aper-
tures which are related to the stator apertures in
the manner indicated above,
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Although sirens embodying features of the in-
vention may be constructed with only one stator
aperture and/or only one rotor aperture, the most
desirable results are provided when the stator and
the rotor each is provided with a plurality of
apertures. The desired sound frequency is thus
obtained without the employment of an exces-
sively high speed of rotation of the rotor which,
besides involving mechanical difficulties, would
also cause considerable air turbulence and a cor-
responding loss of efficiency. Both the stator
apertures and the rotor apertures advantageously
are equally angularly ‘spaced around the axis of

- rotation of the rotor to cause as nearly as possible
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the formation of harmonic-free sound waves of
a single frequency and maximum intensity. For
simplicity in construction, as well as for achieving
& maximum loudness of sound for a given size of
siren unit, it is also advantageous that the num-
ber of apertures in the rotor correspond to the
number in the stator, that the rotor aperture
widths and the spacing between said apertures
be substantially equal, that the stator apertures
be all equal in size and area, and that the rotor
apertures be all equal in size and area. With
such a design a plurality of identical sound waves,
one from each stator aperture, is produced.

In order that the time constituting the period

7 during which the stator aperture is fully open
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and the period during which it is entirely closed
be substantial as compared to the time constitut-
ing the period during which each stator aperture
is being opened and the period during which it
is being closed, as the rotor rotates at a uniform’
speed, the rotor apertures are formed so that
each is substantially wider than each of the stator
apertures in the direction of movement of the
rotor with respect to the stator, and adjacent
rotor apertures are spaced in the direction of
movement of said rotor with respect to said stator
by a distance substantially greater than the width
of each of said stator apertures. The width and
spacing of the rotor apertures as compared with
the width of the stator apertures should be as
large as constructional limitations permit, Ad-
vantageously each of the rotor apertures is at

- least twice as wide as each of the stator .aper-

60

85

(i11}

65

70

76

tures and adjacent rotor apertures are spaced by
a distance at least twice the width of said stator
apertures; in such case the time during which
the stator aperture is entirely open and the time
during which it is entirely closed each is at least
equal to the time during which said stator aper-
ture is being opened and at least equal to the time
during which said stator aperture is being closed.
Particular advantages are provided when the
width of each of the rotor apertures and the dis-
tance between the rotor apertures each is at least
four times the width of each stator aperture; in
such case the time during which the stator aper-
ture is entirely open and the time during which
it is entirely closed each is at least three times
as long as the time during which said stator aper-
ture is being opened and at least three times as
long as the time during. which said stator aper-
ture 1is being closed.

‘While various shapes of rotor. and stator aper-
tures may be employed in sirens embodying the
present invention, particular advantages are pro-
vided if the stator and rotor apertures are so’
shaped that they cooperate to open and close
as abruptly as possible the stator apertures since
turbulence ‘of the air passing through the stator
apertures due to throttling and other causes is
thus reduced to a minimum, To obtain such an
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efficient mode of operation, the apertures in both

- the stator and rotor are formed so that they -

have edges extending tralisversely of the direc-

tion of movement of the rotor with respect to ..

the stator which are substantially straight and
are so directed that said edges of each rotor aper-
ture cooperate with said edges of each stator
"aperture to open and close abruptly said stator
aperture. It is most advantageous for abrupt
opening and closing that such straight edges ex-
tend substantjally at right angles to the direc-
tion of motion of the rotor with respect to the
stator so that said edges lie substantially in a
plane including the axis of rotation of the rotor;
that is, if the apertures are disposed in the pe-
ripheries of the stator and rotor, said straight
edges advantageously should extend substantially
parallel to the axis of rotation of the rotor, while
if the apertures are disposed in portions of the
rotor and stator extending -transversely of the
aXis of rotation of the rotor, said straight edges
advantageously should extend substantially ra-
dially of said axis of rotation. . ’

In order to minimize the possibility of leakage
of the air employed as the driving fluid past the
rotor ‘when the stator apertures are closed. the
rotor is disposed in close proximity to the stator:
that is, the rotor fits very closely against the
stator aperture edges while the stator aperture
is closed by the rotor. For highest efficiency of
a siren of a given power input it is advanta-
geous that the total area of the stator aper-
tures be as large as practicable, that is, large
for the size ‘of the siren unit, since this makes
possible the use of a relatively low air pressiure
which reduces the tendency toward air turbulence
and reduces air leakage losses.

While the features of the present invention

-may be applied to sirens of various types. a siren’

of the type in which the rotor apertures and
stator apertures are contained in portions of the
rotor and stator extending transversely, and par-
ticularly substantially radially, of the axis of ro-
tation of the rotor provides particular advan-
tages when constructed according to the present
invention bécause a straighter, less disturbed flow
of air, and hence a lower impedance to the flow
of air, to the stator apertures is possible than
in other types of sirens. Such a straight, un-
disturbed relatively unimpeded flow of air is im-
portant in achieving high siren efficiency. A
siren of this type also is advantageous because
the acoustic horns connected to the outlets of
the stator apertures may all extend in the same
. direction, without being bent, to provide maxi-
mum directional effects. This makes possible a
substantially straight line flow of air through
eact stator aperture into and through the horn.
_which is more efficient than if a change in the
direction. of the air was required. .
These and other advantageous features cf the
invention will be explaineq more fully herein-
after in connection with the appended drawings,
in which: . ’
Fig. 1 represents a side elevation of a siren
constituting an advantageous embodiment of the
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~ Fig. 4 is & front elevation from line 4—4 of the
siren unit of Fig. 3. .

In the embodiment of the invention illustrated
in Figs. 1 and 2, the siren | comprises rotor 2 and
stator 8 and is fixed to supporting means 4. The
stator 3 comprises the radial end wall § contain-
ing stator apertures 6, A frusto-conical housing
1 is bolted to the end wall 5 of the stator to form
a large air chamber 8 to which air is supplied,
through a duct 9 at the small end of the cham-
ber, from a suitable source, As is shown in Fig. 2,
the illustrated siren has six stator apertures 8,
equally angularly disposed about the axis of ro-
tation of the rotor 2, and all equal in size and
area. Each is formed in a separate port mem-
ber 10, the inner end II of which projects into

the stator chamber 8 beyond the end wall § with

a surface which Is accurately finished to make
possible a close fit of only a few thousandths of
an inch clearance with the rotor 2, and the outer
end of which is adapted to be and is connected
to the throat of acoustic horn 12 for each stator
aperture. 'As is also shown in Fig. 2, each of the
stator apertures 8 in the illustrated embodiment

5 1s substantially rectangular in cross section; the

side edges I8 of said aperture thus are disposed
substantially radially of the axis of rotation of
the rotor, ' :

The illustrated rotor 2 is of generally radial
disc-like configuration and is accurately bal-

“anced and of sturdy construction to permit ro-
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present invention, parts being broken away along

line I—I of Fig. 2 to show more clearly the fea-
tures. of construction;

Fig. 2 is a sectional elevation along line 2-—2
of Fig, 1; ‘ )

Fig. 3 is a plan elevation of a siren unit, in-
cluding the siren of Figs. 1 and 2 and power and
air supply sources therefor; and .
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tation at high speeds. It is provided with a plu-
rality of rotor apertures i4, all equal in size and
area, equally angularly spaced around the axis
of rotation of the rotor and corresponding in
number to the stator apertures. The side edges
I5 of each of the rotor apertures 4 are straight
and extend substantially radially of the axis of
rotation of the rotor so that they cooperate, as is
shown in broken lines at 15°, with the edges 13
of the stator apertures to provide an abrupt open-
ing and closing of the stator apertures. More-
over, in the illustrated embodiment, tapered por-
tions 18 are provided at the edges 15 of the rotor

» apertures {4 to permit a sharper interruption of

the air stream passing through each of the stator
apertures 6 and to reduce turbulence.

The width of each of the rotor apertures (4 in .
the illustrated embodiment is approximately four
times the width of each of the stator apertures 8,
while the portion 17 of the rotor 2 between the
rotor apertures 14 is in width approximately four
times the width of the stator apertures 8: there-
fore, the rotor apertures 14 and.the portions 17
therebetween are substantially equal in width and
each stator apeiture is entirely open for about the
same length of time that it is entirely closed.
The time during which the stator apertures are
being opened and closed is only about a third as
long as the time during which the stator apertures
are entirely opened and entirely closed. As has
been indicated above, these features make possible
a higher efficiency of the siren. The efficiency is
further increased because the period during which

-the stator aperture is entirely opened is substan-

t'ally equal to the period during which it is en-
tirely closed, which results in the production of

' an efficient wave form.

In the apparatus shown, the rotor 2 is rigidly
and non-rotatably mounted upon the drive shaft
18 journaled and accurately located endwise by
bearings- 19 in hub 21 disposed centrally of end-
plate § of stator 3. The rotor thus can he ro~
tated at the desired speed, usually high, from a
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suitable power source by means of belt 22 and
pulley 28 on drive shatt 8.

The horn (2 shown in combination with each
of the stator. apertures 8 is an exponential horn
having a low frequency cut-off which is low as
compared with the fundamental frequency of the
siren, although types of horns other than the ex-
ponential type might be employed. The six horns
~ for the six stator apertures of the illustrated em-

bodiment have their large ends joined together

to form a single horn unit 24, as shown to par-

ticular advantage in Fig. 4. This provides a sturdy
- construction.

- As is shown in the drawings, and particularly
""in Fig. 1 thereof, the throat 26 of each horn di-
rectly communicates with the outlet end 26 of
the corresponding stator aperture 8, and is sub-
stantially equal in size and area to said outlet end
28. Each stator aperture § in the illustrated em-
bodiment is flared toward its outlet end so that
in effect it forms a continuation of the throat 25
of the associated horn 12; this is particularly ad-
vantageous for providing a smooth, non-turbulent
flow of air but is not absolutely necessary. It is
important.that the throat 26 of the horn 6 corre-
spond in size and area substantially to the out-
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let end 26 of the stator aperture and that the con- -

nection of the horn to the stator aperture, the:

stator aperture, and the throat of the horn be sub-
stantially free of abrupt edges or bends which
can cause appreciable turbulence of the air emerg-
ing from the stator aperture.

The illustrated siren also includes in the air
chamber 8 six partitions 27 which are joined
together at the center of saild chamber 8 and ex-
tend radially of said chamber between the sta-
tor apertures 6, to the walls of the housing 1, and
which extend longitudinally of said chamber 8
from the rear portion thereof to points closely
adjacent the rotor 2, as shown in Fig. 1. Said
partitions, which in effect subdivide the interior
of chamber 8 .into six compartments, aid in pre-
venting air turbulence and rotation of the air
within said chamber which might reduce the
eficiency of the siren. Said partitions may be
omitted if desired. . ) ‘

In the siren unit shown in Figs. 3 and 4 the ro-
tor of the siren [ is positively rotated at the de-
sired speed by means of belt 22 passing around
pulley 28 on rotor drive shaft 18 and around pulley

28 on:drive shaft 29 connected to a suitable source

of power 30 which may be an internal combustion
engine, an electric motor or the like. Suitable
clutch means 31 is shown for the purpose of dis-

connecting the rotor from the source of power or -

for changing its speed of rotation.

In said unit, moreover, air is applied to duct 8
of the air chamber 8 through duct 32 from a
suitable air compressor 38 shown in the il-
lustrated embodiment as & centrifugal air com-
pressor. Element 84 represents an intake air

* cleaner for said compressor, while 38 represents

a source of power for said compressor, such as
‘an internal combustion engine, electric motor, or
the like. Clutch means 86 is provided in the
illustrated apparatus to permit the air compres-
sor to be disconnected from the source of power.

Since in the {llustrated embodiment each stator

aperture 6 and each horn throat 26 are so con-.

nected that a smooth, non-turbulent flow of air
through said aperture and into the horn is pro-
vided, there is eliminated the substantial energy
loss of prior sirens due to air turbulence caused
by expansion of the alr past abrupt edges at the
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horn 12 is enabled fully to perform its function
of providing a proper matching of the impedance
of the stator aperture to the impedance of the
sound waves produced. These features provide a
large portion of the eficiency of the illustrated
siren, : )

Since, moreover, in the illustrated apparatus
the stator apertures and the rotor apertures are
shaped, spaced and related as indicated above so
that the time during which the stator apertures
are entirely open and entirely closed is large as
compared with the time during which the stator
apertures are only partially opened, and so that
the stator apertures are .abruptly opened and
closed, the time during which turbulence of ‘the
air passing through the stator apertures occurs
because of expansion of the air past the sharp
edge of the rotor and because of throttling is
short. Consequently, the time is reduced. during
which dissipation of the energy of the air and the
accompanying reduction of efficiency of the siren
can occur. Furthermore, the time is reduced
during which the stator apertures are not fully
effective in producing sound waves of maximum
Intensity ‘because of partial obstruction of the
stator aperture by the rotor. This feature of the
invention also adds substantially to the efficiency
of the siren.

The combination of the individual horns for the
stator apertures connected as indicated above,
with stator and rotor apertures of the design in-
dicated above, therefore reduces to & minimum
the turbulence of the air passing through the
stator apertures and into the horn, particularly
the turbulence due to expansion of the air past
abrupt edges as it passes through and leaves each
stator aperture. Such combination itself makes
possible & siren efficiency much greater than
hitherto obtainable.

Other features of the illustrated embodiment
also increased the efficiency of the siren, although - -
not to as marked an extent as the features indi-
cated above! ‘

The air chamber 8 having the end wall 5 ex-

tending for a substantial distance beyond the

stator apertures 6 and a volume which is large
as compared with the volume of air passing
through the stator apertures during any ohe
period of opening substantially eliminates pulsa-
tions in the air in the chamber due to intermit-
tent passage-of the air through the stator aper-
tures. Such pulsations would otherwise tend to
cause turbulence in the air, and would also tend
to generate in said chamber sound waves which
would be ineffective for signaling purposes, both
of which factors would dissipate a portion of the
available energy of the air with a consequent re-
duction in efficiency.

In the illustrated embodiment, moreover, the
introduction of the air into chamber 8 through
duct 9 remote from the stator apertures, the in--
crease In cross-sectional size of said chamber
from the point of entry of the alir to the stator
apertures, and the partitions 27 in said stator
chamber 8 all aid in providing s smooth, non-
turbulent flow of air to the stator apertures and
hence add to the efficiency of the siren.

The location of the stator apertures and rotor
apertures in surfaces substantially perpendicular
to the axis of rotation of the rotor is also im-
portant in making possible a smooth, straight,
non-turbulent flow of air to the stator apertures,
which adds to the efficiency of the siren. More-
over, such a design makes it possible to have all
horns from the stator apertures extend in sub-
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stantially the same direction, with a consequent
a.dvantageous directional effect, without the
necessity of employing bent horns which would
1ncrease the impedance to the passage of the
sound waves with a consequent reduction in effi-
clency. Moreover, the disposition of the rotor
between the supply of air and the stator apertures,
and the fact that the stator apertures are located

on only one side of the rotor also aid in providing

a straight, unobstructed, non- turbulent flow of
alr to the stator apertures.

The illustrated embodiment of the invention,
therefore, provides a smooth, substantially
straight flow of air to and through the stator
apertures and horns associated with the stator
apertures with a minimum of impedance to the
flow of air and a minimum of turbulence in the
- air which could cause dissipation of the available
energy of the air and a consequent reduction in
efficiency.

In & siren of the above design and. proportions
in which the rotor was about 25 inches in di-
ameter and was rotated at a speed of 4,500 revo-
lutions per minute, and in which 2,500 cubic feet
of air per minute were supplied at the relatively
low pressure of 5 pounds per square inch above
atmospheric pressure, & very high efficiency was
obtained.

The present invention thus provides sirens of
the type in which the signal is/produced by ex-
pelling & driving fluid, such as air, under pressure
through apertures in a stator which are alter-
nately opened and closed by apertures in a ro-
tating rotor which are of higher efficiency and
are capable of a louder sound for a given type
of sound and siren size than other sirens of the
rotatable rotor type hitherto known.
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Various modifications, some of which have been -

indicated above, may be made in the embodiment
discussed above as illustrating the invention
without departing from the spirit of the inven-
tion, For example, more or fewer stator and ro-
tor apertures may be employed than are shown
in the illustrated embodiment. Also, the feature
that each stator aperture is provided with an in-
dividual acoustic horn constituting a continua-
tion of the aperture, and/or the feature that the
stator and rotor apertures are of such a design
that the time during which each stator aperture
is entirely opened and entirely closed is at least
as great as the time during which it is only par-
tially open, may be employed with considerable
increases in -efficiency in sirens in which the
stator and rotor apertures are located in: dif-
ferent positions or are differently shaped from
those in the illustrated embodiment. Further-
more, the air supplied to the stator apertures may
be supplied from different points or by different
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side of said stator and having a portion, dis- -
posed In close proximity to said stator aperture
and containing at least ohe rotor aperture,
adapted to open and close .said stator aperture
during rotation of said rotor, said rotor aperture
and sald stator aperture being proportioned and
sald rotor aperture being' disposed so that during
rotation of said rotor at substantially uniform
speed the time during which said stator aper-
ture is entirely open and the time during which
it 1s entirely closed each is at least about as long
as the time during which said stator aperture
is being opened and at least about as long as the
time during which said stator aperture is beihe
closed; and an acoustic horn at the side of said
stator opposite the side at which said rotor is
disposed coznmunicating with said stator aper-
ture by a throat of approximately the same shape
and area as said stator aperture, whereby is pro-
vided a substantially smooth and unimpeded path .
for alr through said stator aperture and horn.

2. A siren comprislng & stator having there-
through at least one unobstructed aperture
through which air passes in the generation of
sound waves; a rotatable rotor mounted at one
side of said stator and having a portion, disposed
in close proximity to said stator. aperture and
containing at least one rotor aperture, adapted
to open and close said stator aperture during
rotation of said rotor, said rotor aperture and
said stator ‘aperture including substantially
straight. edges extending transversely of the di-
rection of movement of said rotor relatively to

35 .said stator and cooperating to provide sbrupt -

opening and closing of said stator apertire dur-
ing rotation of said rotor, said rotor aperture
and said stator aperture being proportioned and
said rotor aperture being disposed so that during

rotation of said rotor at substantially uniform

speed the time during which said stator aperture .
is entirely open and the time during which it is
entirely closed each is at least about as long as
the time during which said stator aperture is
being opened and at least about as long as the
time during which said stator aperture is being
closed; and an acoustic horn at the side of said
stator opposite the side at which said rotor is
disposed communicating with said stator aper-
ture by a throat of approximately the same shape
and area as said stator aperture, whereby is pro-
vided a substantially smooth and unimpeded path
for air through said stator aperture and horn.

3. A siren comprising a stator having there-
through a plurality of unobstructed apertures
through which air passes in the generation of
sound waves; means for supplying air to each of

‘said stator apertures; a rotatable rotor mounted

- at one side of saild stator between said means

means than described above. Moreover, it is ap-

parent that while the invention has been dis-
cussed in connection with the use of air as the
driving fluid, other fluids may be employed in
.sirens embodying the invention'and it is obvious
that in the appended claims the deflnition of the
driving fluid as air also includes other driving
fluids.

It 1s intended that the patent shall cover, by
suitable expression in the appended claims,
whatever features of patentable novelty reside in
the invention.

What is claimed is: :

1. A siren comprising a stator having there-
through at least one unobstructed aperture
through which air passes in the generation of
sound waves; a rotatable rotor mounted at one
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for supplying air and said stator apertures hav-
ing a portion, disposed in close proximity to said
stator apertures and containing a plurality of
rotor apertures, adapted to open and close said
stator apertures during rotation of said rotor,
each of said rotor apertures being at least about
twice as wide in the direction of movement of
said rotor relatively to said stator as each of
said stator apertures and adjacent rotor aper-
tures being spaced by a distance at least about
twice the width of each of said stator apertures

. in the direction of movement of said rotor rela-

tively to said stator; and, disposed at the side of
sald stator opposite the side at which said rotor
is disposed, a plurality of acoustic horns, one for
each of said stator apertures, each acoustic horn
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communicating’ with its stator aperturé by &
throat of substantially the same shape and area
as said stator aperture, whereby is provided &

substantially smooth and unimpeded path for air -

_through said stator aperture and said horn.

4, A siren comprising a stator having there-
through a plurality of unobstructed apertures
through which air passes in the generation of
sound waves; means for supplying air to each of
said stator apertures; a rotatable rotor mounted
at one side of sald stator between said means for
supplying air and said stator apertures having a

- portion, disposed in close proximity to said stator

apertures and containing a plurality of rotor.

apertures equal in number to sald stator aper-
. tures, adapted to open and close sald stator aper-

;
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tures during rotation of said rotor, each of said -

rotor apertures being about four times as wide in
the direction of movement of said rotor relatively
to said stator as each of sald stator apertures and
adjacent rotor apertures being spaged by a dis-
tance about four times the width of each of sald
stator apertures in the direction of movement of
said rotor relatively to said stator; and, disposed
at the side of sald stator opposite the side ab
which said rotor is disposed, a plurality of
acoustic horns, one for each of said stator aper-
. tures, each acoustic horn communicating with
its stator aperture by a throat of substantially
the same shape and area as sald stator aperture
and being free of substantial changes of direc-
tion between sald throat and the mouth of said
horn, whereby is provided a substantially smooth
and unimpeded substantially straight path for air
through said stator aperture and said horn.

5. A siren comprising a closed chamber form-
ing the stator of said siren and having extending
through & wall thereof at least one unobstructed
- stator aperture through which air passes in the
generation of sound waves, the cross-sectional
area of said chamber being large compared with
the cross-sectional area of said aperture; means
for supplying air to the interior of said chamber;
a rotatable rotor mounted in said chamber hav-
ing a portion, disposed in close proximity to said
stator aperture and containing at least one rotor
- aperture, adapted to open and close said stator
aperture during rotation of said rotor, said rotor
aperture and said stator aperture being propor-
tioned and sald rotor aperture being disposed so
that during rotation of said rotor at substan-
tially uniform speed the time during which sald
stator aperture Is entirely open and the time dur-
ing which it is entirely closed each is at least
about as long as the time during which sald stator
aperture is being opened and at least about as
long as the time during which said stator aper-
ture is being closed; and an acoustic horn outside
of said chamber communicating with said stator
aperture by a throat of approximately the same
shape and area as said stator aperture, whereby

is provided a substantially smooth and unimpeded .
path for air through sald stator aperture and .

horn. )
6. A siren comprising a closed chamber form-
ing the stator of sald siren and having exténding
through & wall thereof a plurality of unobstructed
apertures through which air passes in the gen-
eration of sound waves, the cross-sectional area
of sald chamber being large compared with the
total cross-sectional area of said stator apertures;
-means for supplying air to the interior of said
chamber; a rotatable rotor mounted in said
chamber having a portion, disposed in close prox-
imity to said stator apertures and containing
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. tirely open and the time during which it is en- -
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a plurality of rotor apertures, adapted to open
and close sald stator apertures during rotation of.
sald rotor, each of said rotor apertures being at
least twice as wide in the direction of movement
of said rotor relatively to said stator as each of
sald stator apertures and adjacent rotor aper-
tures being spaced by a distance at least twice as
great as the width of each of said stator aper-
tures in the direction of movement of sald rotor
relatively to said stator; and, disposed outside of
said chamber, a plurality of acoustic horns, one
for each of said stator apertures, each acoustic
horn communicating with its stator aperture by
a throat of substantially the same shape and area
‘a8 said gtator aperture, whereby is provided a sub-
stantially smooth and unimpeded path for air
through sald stator aperture and said horn.

7. A siren of the character described in claim
6 in which the rotor apertures and stator aper-
tures have substantially straight edges extending
transversely of the direction of movement of said
rotor relatively to said stator and cooperating to
provide abrupt opening and closing of said stator
apertures during rotation of said rotor.

8. A siren comprising a stator having there-
through at least one unobstructed aperture
through which air passes in the generation of
sound waves; a rotatable rotor mounted at one
side of said stator and having a portion, disposed
in close proximity to said stator aperture and
containing at least one rotor aperture, adapted to
open and close sald stator aperture during rota-
tion of sald rotor, said rotor aperture and sald
stator aperture being proportioned and said ro-
tor -aperture being disposed so that during rota-
tion of said rotor at substantially uniform speed
the time during which said stator aperture is en-

tirely closed each is about three times as long as
the time during which said stator aperture is
being opened and at least about three times as
long as the time during which said stator aper-
ture is being closed; and an acoustic horn at the
side of said stator opposite the side at which
sald rotor is disposed communicating with said
stator aperture by a throat of approximately the
same shape and area as said stator aperture,
whereby is provided a substantially smooth and
unimpeded path for air through said stator aper-
ture and said horn. . )

9. A siren comprising a rotatable rotor having

a substantially radial portion containing at least
one aperture; a stator having a wall extending
transversely of the axis of rotation of said rotor
containing at least one unobstructed aperture,
through which air passes in the generation of
sound waves, in close proximity to the portion of
said rotor containing said rotor aperture and
adapted to be opened and closed by said rotor
aperture during rotation of sald rotor, said rotor
aperture and said stator aperture being propor-
tioned and said rotor aperture being disposed so
that during rotation of said rotor at substantially
uniform speed the time during which said stator
aperture is entirely open and the time during
which it is entirely closed each is at least about

as long as the time during which said stator aper-

ture is being opened and at least about as long as .
the time during which said stator aperture is be-
ing closed; means for supplying air to said stator
aperture from the side of said stator at which
said rotor is disposed; and an acoustic horn at
the side of sald stator opposite the side at which
sald rotor is disposed communicating with said
‘stator aperture by a throat of approximately the



same shape and area as sald stator aperture,
whereby is provided a substantially smooth and
unimpeded path for air through sald stator aper-
ture and horn. . S .

10. A siren comprising & rotatable rotor having
a substantially radial portion containing at least
one aperture; & stator having a wall extending
transversely of the axis of rotation of said rotor
containing at least one unobstructed aperture,
through which air passes in the generation of
sound waves, in close proximity to the portion of
said rotor containing said rotor aperture and
adapted to be opened and closed by sald rotor
aperture during rotation of said rotor, said rotor
aperture and said stator aperture including sﬁb-‘-
stantially straight edges extending transversely
Of the direction of movement of said rotor rela-
tively to sald stator and cooperating to provide
abrupt opening and closing of said stator aper-
tures during rotation of said rotor, said rotor
aperture and said stator aperture being propor-
tioned and said rotor aperture being disposed so
that during rotation of said rotor at substantially
uniform speed, the time during which said stator
aperture is entirely open and the time during
which it is entirely closed each is at least about
as long as the time during which said stator aper-
ture is being opened and at least about as long
as the time during which said stator aperture is
being closed; means for supplying air to said
stator aperture from the side of said stator at
which said rotor is disposed; and an acoustic horn
at the side of said stator opposite the side at which
said rotor is disposed communicating with said
stator aperture by a throat of approximately the
same shape and area as said stator aperture,
whereby is provided a substantially smooth and
unimpeded path for air through said stator aper-
ture and horn. ‘

11, A siren comprising a rotatable rotor haying
a substantially radial portion containing & plu-~
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rality of apertures spaced around the axis of ro- )

tation of said rotor; a stator having a wall ex-
tending substantially radially of the axis of ro-
tation of said rotor containing a plurality of un-
obstructed apertures, through which air passes in
the generation of sound waves, spaced around the
axis of rotation of said rotor in close proximity
to the portion of said rotor containing said rotor
apertures and adapted to be opened and closed
by said rotor, each of said rotor apertures being
at least twice as wide in the direction of movement
of said rotor relatively to said stator as each of
sald stator apertures and adjacent rotor aper-
tures being spaced by a distance at least twice as
great as the width of each of said stator apertures
In the direction of movement of said rotor rela-

tively to said stator; and, disposed at and ex-:

tending away from the side of said stator wall
opposite the side at which said rotor is disposed,
a plurality of acoustic horns, one for each of said
stator apertures, each acoustic horn communi-
cating with its stator aperture by a throat of sub-
stantially the same shape and area as said stator
aperture, whereby is provided g substantially
smooth and unimpeded path for air through said
stator aperture and said horn. C
12, A siren comprising a rotatable rotor having
a substantially radial portion containing a plu-
rality of apertures of equal width equally angu-
larly shaped around the axis of rotation of said
rotor; a stator having a wall extending substan-
tially radially of the axis of rotation of said rotor
containing a plurality of unobstructed apertures,
through which air passes in the generation of
sound waves, equal in number to the stator aper-
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tures, equal in width and equally angularly spaced
about the axis of rotation of sald rotor in
close proximity to the portion of said rotor con-
taining said rotor apertures and adapted to be
opened and closed by sald rotor apertures during
rotation of said rotor, each of said rotoi aper-
tures being at least twice as wide in the direction
of movement of said rotor relatively to said stator
as each of said stator apertures and adjacent
rotor apertures being spaced, by a distance at
least twice the width of each of said stator aper-
tures in the direction of movement of said rotor
relatively to said stator; and, disposed at the side
of the stator wall opposite the side at which said
rotor is disposed, a plurality of acoustic horns, one
for each of said stator apertures, each acoustic
horn communicating with its stator aperture by
& throat of substantially the same shape and area
as said stator aperture, whereby is provided g
substantially smooth and unimpeded path.for air
through said stator aperture and said horn.

13. A siren comprising a rotatable rotor having
a substantially radial portion containing g plu- -
rality of apertures spaced around the' axis of ro-
tapion of said rotor;-a closed chamber, enclosing
said rotor, forming the stator of said siren and
having a wal] extending substantially radially of
the axis of rotation of said rotor containing g
plurality of unobstructed apertures spaced around
the axis of rotation of said rotor in close proximity
to the portions of said rotor containing said rotor
apertures and adapted to be opened and closed by
said rotor apertures during rotation of said rotor,
each of said rotor apertures being at least twice
as wide in the direction of movement of said rotor
relatively to said stator as each of said stator
apertures and adjacent rotor apertures being
spaced by a distance at least twice the width of
each of said stator apertures in the direction of
movement of said rotor relatively to said stator;
means for supplying air to the interior of said
chamber; and disposed -at and extending away
from the side of said stator wall opposite the side
at which said rotor is disposed, a plurality of
acoustic horns, one for each of said stator aper-
tures, each acoustic horn communicating with its
stator aperture by a throat of substantially the
same shape and area as said stator aperture,
whereby is provided a substantially smooth and
unimpeded path for air through said stator aper-
ture and said horn. . ‘

14. A siren comprising a rotatable rotor having
8 substantially radial portion containing a plu-
rality of apertures of equal width equally angu-

-larly spaced around the axis of rotation of saiq

rotor; a closed chamber, enclosing said rotor,
forming the stator of said siren and having a
wall extending substantially radially of the axis
of rotation of said rotor containing a plurality
of unobstructed apertures, equal in number to the

‘stator apertures, equal in width and equally

angularly spaced about the axis of rotation of
said rotor in close proximity to the portion of
saild rotor containing’ said rotor apertures and
adapted to be opened ang closed by said rotor
apertures during rotation of said rotor, said rotor

. apertuljes and said stator apertures including
" substantially straight side edges extending sub-

70

stantially radially of the axis of rotation of said
rotor which edges cooperate to provide abrupt
opening and closing of said stator apertures dur-
ing rotation of said rotor, .each of said rotor

- apertures being at least about twice as wide in

75

the direction of movement of said rotor rela-
tively to said stator as each of said stator aper-
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tures and adjacent rotor apertures being spaced
a distance at least twice the width of each of
said stator apertures in the direction of move-
ment of said rotor relatively to sald stator;
means for supplying air to the interior of said
chamber; and, disposed at and extending away
from the side of said stator wall opposite the side
at which sald rotor is disposed, a plurality of
acoustic horns, one for each of said stator aper-
tures, each acoustic horn communicating with its
stator aperture by a throat of substantially the
same shape and area as said stator aperture,
whereby is provided a substantially smooth and
unimpeded path for air through said stator aper-
- ture and sald horn.

15. A siren of the character described in claim
14 in which each of the rotor apertures is about
four times as wide as each of the stator apertures,
and in which adjacent rotor apertures are spaced
by a distance about four times the width of each
of the stator apertures.

16. A siren comprising a rotatable rotor having
a plurality of apertures equally angularly spaced
around the axis of rotation of said rotor, a stator
having a plurality of unobstructed apertures
equally angularly spaced around the axis of rota-
tion of said rotor located in. close proximity to
the portion of the rotor containing said rotor
apertures and adapted to be opened and closed
by said rotor apertures during rotation of said
rotor, said rotor apertures and said stator aper-
tures including substantially straight edges ex-
tending transversely of the direction of move-
ment of said rotor with respect to said stator
which edges cooperate to provide abrupt opening
and closing of sald stator apertures during rota-
tion of sald rotor, saild rotor apertures being
spaced by a distance at least about twice as wide
as the width of each of said stator apertures and
each of said rotor apertures being at least about
twice as wide as the width of each of said stator
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apertures; and means for supplying air to said
stator apertures.

17. A siren comprising a rotatable rotor having -

a radially flanged portion containing a plurality
of apertures equally angularly spaced around the
axis of rotation of said rotor; a closed chamber,
enclosing said rotor, forming the stator of said
siren and having a radially extending wall con-
taining a plurality of equally angularly spaced
unobstructed apertures in close proximity to the
portion of said rotor containing said rotor aper-
tures and adapted to be opened and closed by
said rotor apertures during- rotation of said rotor,
said rotor apertures and said stator apertures
including substantially straight side edges ex-
tending substantially radially of the axis of rota-
tion of said rotor which edges cooperate to pro-
vide abrupt opening and closing of said stator
apertures during rotation of said rotor, sald rotor
apertures being spaced by a distance at least
about twice as wide as the width of each of sald
stator apertures and each of said rotor apertures
being at least about twice as wide as the width
of each of said stator apertures; means for sup-
plying air to the interior of sald stator chamber;
and means for positively rotating sald rotor,

18. A siren of the character described in claim
16 in which each of said rotor apertures is about
four times as wide as each of said stator aper-
tures and in which adjacent rotor apertures are
spaced by a distancé about four times the width
of each of said stator apertures.

19, A siren of the character described in claim
17 in which each of said rotor apertures is about
four times as wide as each of said stator aper-
tures and in which adjacent rotor apertures are
spaced by a distance about four times the width
of each of said stator apertures.
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