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UNITED STATES PATENT OFFICE.

CHARLES I. GOUGHNOUR, OF PASADENA, CALIFORNIA, ASSIGNOR TC THE UNITED
ELECTRIC COMPANY, OF CANTON, OHIO, A CORFORATION OF OHIO.

VACUUM-CLEANER.

1,316,442,

| ~ Specification of Letters Patent. . Pat{ézﬁte@ Sept. 16, 191G.

Original application filed July 26, 1803, Serial No. 509,482. Divided and this application fileé December 4,
1912, Serial No. 734,903. Renewed February 12, 1918, Serial No. 78,078.

To all whom it may concern:

Be it known that I, Cuaries L. GoucH-
NOUR, a citizen of the United States, resid-
ing at Pasadena, in the county of Los An-
geles and State of California, have invent-
ed a new and useful Vacuum-Cleaner, of
which the following is a specification.

The invention relates to a machine and
apparatus for cleaning carpets, draperies,
floors, walls and other objects and surfaces
by means of suction through a tube having
a suitable mouth piece or nozzle; and this
application is a division or continuation of
my original application filed July 26, 1909,
Serial No. 509,482, and of my first divi-
sional application filed Nov. 18, 1909, Serial
No. 528,692.

The general object of the improvement is
to provide an air-cleaning apparatus which
shall be efficient in operation with a mini-
mum consumption of power, and so simple
in construction as to render the apparatus
available for use in individual homes.

In the practical development of the art of -

vacuum cleaning, it has been found that the

pend so much upon the amount of vacuum
which can be created either in the separat-

ing chamber or in the suction nozzle, but

rather upon the volume and the velocity of
the air w%ich can be continuously drawn into
and through the suction nozzle. In other
words, the cleaning of a fabric or other ob-
jeet is not accomplished by the pressure of
the air, but by the movement or momentum
of the air in passing through or along the
object or surface to be cleaned.

And again, in the practical development

. of the art, it has been found that & laterally

elongated suction nozzle having an inlet
slot of from ten to fourteen inches long and
from one-fourth to one-half of an inch wide
with surrounding lips adapted to contact

directly with the objective surface, is the

most convenient kind of “tool for general
work; and it has furthermore been found
that the most efficient results in the use of

such a nozzle are attained by the movement

of'some eighty cubic feet of air per minute
into the nozzle; wherefore such type of tool
and movement of air have become conven-

- tional in the art, and the ultimate problem

in vacuum cleaning is to continuously main-
tain the proper movement of air into the
nozzle with a minimum expenditure of
power, '

Many of the earlier inventors in the de-
velopment of the art, sought to solve the
problem by the use of an ordinary free-vane

centrifugal fan, probably because of the

well known capacity of such form of fan to
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move a large volume of air; but the use of

such fans for the purpose intended did not
result in a practically or commercially suc-
cessful apparatus, no doubt because the large
volume capacity was not accompanied with &

sufficiently positive action to move the de-

sired amount of air at the proper velocity
through the comparatively constricted slot
of the suction nozzle.

More recent inventors in the development
of the art have sought to solve the problem
by the use of some form of positive pump,
erther of the piston, diaphragm or rota
type; and it is evident that a very hig
vacuum can be produced within the appara-

tus by such a form of pump, and that when

the suction nozzle is completely closed, such
high vacuum will extend to and be present
in the nozzle. But it is likewise obvious
that when the mouth of the nozzle is par-
tically or entirely open for performing its
functions as a cl)(;aning tool, the inrushing
air will rapidly £ill the cavity of the appa-
ratus, and whatever may be the initial vol-
ume per minute of such inrushing air, the

same cannot be maintained at the desired

rate of eighty cubic feet per minute, unless
the suction pump has a capacity for exhaust-
ing a like amount of air from the appara-
tus, -
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The continuous movement of such a large

volume of air, renders the use of the forms

been employed in vacuum cleaners, Unde-

“of positive pumps which have heretofors -

95

sirable, to say the least, for the reason that =

such types of pumps can only exhaust the
same at an excessive, if not a prohibitive ex-

pense of power. And & further waste of -

power results from the fact that when the
opening of the nozzle is ciosed or partially
closed, as frequently occurs in the use of the
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nozzle, a higher than necessary vacuum is
created in the apparatus with a correspond-
ing useless expenditure of power in operat-
ing such positive pump. And a final dis-
advantage results from the presence of an
excessive vacuum in the nozzle, because the
greater than necessary pressure upon or ad-
herence to the objective surface, renders it
very difficult and in extreme cases impossible
to move the nozzle along such surface; and
when the nozzle is partially or wholly
opened, the excessive velocity of the inrush-
Ing air unduly wears and sometimes tears
the fibers of an objective fabric. '

The present invention overcomes the dif-
ficulties thus briefly set forth, by combining
a positive centrifugal fan with the other ele-
ments making up a vacuum cleaner; there-
by overcoming the inefficiency of the ordi-
nary centrifugal fan on the one hand, and
the excessive waste of power involved in
the use of the various positive pumps here-
tofore employed, on the other hand. In
other words, the invention embodies an ex-
hausting fan baving the capacity of con-
tinuously moving a large volume of air with
a sufficiently positive action fo most ef-
ficiently perform the work of cleaning at
the nozzle, without the use or waste of an
excessive or prohibitive amount of power,

Other important features of the Invention
pertain to the proportions and position of
the separating chamber and its arrangement
with rveference to the inlef, the ovtlet and an
ntervening screen, when a sereen is used,
whereby the dust and other articles of ref-
use are segregated from the larger floating
particles thereof and deposited in the bot-
tom of the separating chamber: it being the
special purpose and rasult of this feature of
the invention to segregate and deposit the
dust and other articles of refuse from the
larger floating articies by the action of
gravity as distinguished from any method of
screening or filtering the same, the cozrse
screen when - used, being employsd to stop
the larger finffy articles, as for. instance,
feathers, lint and the like, from passing into
the blower and lodging against the edges of
the biades thereof.

To this end, the centrifugal fan employed
serves to positively draw the air ai a com-
paratively slow constant speed, from the up-
per part of the separating chamber, pre-
ferably near the axis thereof, and to dis-
charge it at a relatively rapid speed from the
periphery of the fan, without undue agita-
tion or churning of the air within the cham-
ber or the fan, which action of the fan per-
mits a most complete segregation of the dust
and refuse within the separating chamber.

The accompanying drawings illustrate a
preferred embodiment of the invention in an
apparatus and machine, by which the gen-

eral objects thus briefly set forth, and an-
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cillary advantages, are attained; in which
drawings—

Figure 1 is a perspective view of the ma-
chine and apparatus as a whole;

Fig. 2, is a side elevation of the case, show-
ing the upper part thereof and the centrif-
ugal fan and the motor in section;

Fig. 3, an enlarged section of the centrif-
ugal fan and adjacent parts; and

Fig. 4, a plan view of the case, with parts
broken away to show details on the centrif-

“ugal fan;
Similar numerals refer to similar parts.
_throughout the drawings..

The case 1 of the separating chamber 2 is
preferably made in the form of a vertically-
elongated upright-cylinder, provided with
the bottom closure 8 and a top closure con-
sisting of the lower wall 4 of the case of
the fan 5; the upper wall 6 of which fan
case preferably forms the bottom of the case
T of the motor 8, which is preferabiy an elee-
tric motor as shown. The separating cham-
ber should be at least as high as its diameter,
and is preferably made two or three or more
times as high as its diameter when it is
shaped as a eylinder, and should have a simi-
lax height with reference to its average cross-
section or corresponding cross-ares when it
is shaped otherwise; thus producing a sepa-
rating chamber of substantial height and
volume.

The suction tube 2 is provided with the
tapered bushing 10 on its near end, which
bushing is adapted-to be entered snd wedged
into the reversely-tapered round inlet open-
ing 11 provided in the upper part of the
case, preferably in the side wall and above
the middle thereof; and the door 12 is hinged
above said opening and is arranged to drop
Ly gravity to close the opening whenever
the tube is withdrawn therefrom, thus insur-
ing a compiete closure of the separating
chamber at all times. The nozzle 9*, conven-

tionally shown in Fig. 1 of the drawings, is 1

provided on the remote end of the suction
tube, which nozzle is applied to the object or

‘surface to be cleaned, according to the com-

mon practice in the art.

The defiecting plate 13 may be provided
in the case, and when used, extends from the
wall above the inlet opening 11, inward and
downward in front of the same, and serves
to positively deflect the heavier refuse down-
ward inio the lower portion of the separat-
ing chamber, and prevents the same from
striking and cutting the opposite wall of the
case. The deflecting piate is of substan-
tially the same width as the cpening of the
inlet tube, so that its side edges stand away
from the wall of the chamber, which permits
the greater portion of the incoming air to
bass the sides of the plate, thus avoiding an

-agitation of the air in the lower part of the

chamber, -
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" The substantial height and volume of the
separating chamber and the comparatively
slow movement of air from the upper end
theréof maintains such a uniform quiescent
condition of the rarefied air therein that
upon entering the chamber substantially all
the dust and refuse drops or falls to the
bottom of the chamber by the action of grav-
ity and only the larger fluffy articles and the
impalpable dust are carried upward by the
suction of the fan; of which the larger fluffy
articles may be caught by the screen 14, and
the very fine impalpable dust may be dis-
charged through the fanh without interfering
with the operation thereof.

The coarse screen 14 is preferably pro-
vided in the case, and extends transversely
across the separating chamber above the in-
let opening 11 at a substantial distance below
the opening 15 leading from the separating
chamberto the fan. This screen is not made
fine enough, nor is it intended to stop or
separate the dust and other articles of refuse
{from the air; but is merely employed to stop
the floating articles, such as feathers and the
like, which would otherwise be drawn into
the fan and might lodge against the inner
edges of the blades. thereof and obstruct the
free operation of the same. :

The centrifugal fan or impeller 5 is conven-

iently secured Dy its hub 16 to the lower end

of the spindle 17 of the motor, with which
it is adapted to rotate; and is composed of

‘the upper wall 18, the lower wall 19 and the

intervening vanes 20. The upper wall 18
may curve first upward and outward to the
periphery of the fan, and the inner edge por-
tion of the lower wall 19 may be located sub-
stantially as a ring around and at an inter-
val from the hub of the fan; thus forming
the annular intake chamber 15 of the fan
communicating directly and freely with the
upper part of the separating chamber and
preferably located substantially eco-axial
therewith. Thence the lower wall 19, curves
upward and outward to the periphery of the
{fan, and in so doing gradually converges to-

ward the upper wall, so that the outlet 21

of the fan is substantially in the form of a
peripheral slot. It will be understood that
the free communication hetween the intake
chamber of the fan and the upper part of
the separating chamber referred to herein,
relates to the absence of an intervening ele-
ment, as for example a dust filtering screen ;.
and is not intended to require either the im-
mediate proximity or the particular aline-
nment of these parts. herein shown.

The converging relation of the walls of
the fan is such that the annular cross area
of the cavity between the walls is substan-

tially the same at all points between its an-

nular intake chamber and itsperipheral out-
let siot. The vanes of the fan are preferably
located in radial lines and extend from the

e

annular intake chamber to the peripheral

“outlet slot, so that the cross-section of the air

passages are substantially uniform from the

intake chamber to the outlet of the fan, thus

forming what is referred to herein as a
positive centrifugal fan. The fan may be
constructed by forming a portion of the up-
per wall and the whole of the vanes integral

.with the hub, and securing the remainder of

the upper wall and the whole of the lower
wall to the vanes by means of the bolts or
rivets 22 passed through the bosses 23 which
are provided on the rear sides of the vanes,
having reference to the direction of their
rotation.

The walls 4 and 6 of the fan case converge
near to but without touching the correspond-
ing walls of the fan proper at the periphery

- thereof, outside of which they diverge and

again converge and are joined together and
form the tubular channel 24 around the pe-
riphery of the fan case, into which channel
the air is discharged directly and freely from
the peripheral outlet slot 21 of the fan;

whence the air escapes through the tangen-

tial exhaust tube 25 in the usual manner.
The exhaust tube 25 of the fan case may
communicate with the first chamber or flue
of & stove or furnace, in or through which
the fine floating particles may be burned or
discharged ; or it may be extended for dis-
charging through a window or other open-
ing, as may be desired. The upper and lower
doors 29 and 30 are provided in the case,
through which respective doors the screen
may be cleaned and the deposited refuse re-
moved. : .

" The lower wall 4 of the fan case extends
inward around but not touching the inner
edge portions of the lower wall 19 of the
fan proper, thus forming a transverse parti-
tion substantially closing the upper end of
the separating chamber from the cavity of
the fan case, excepting only through the an-
nular opening of the intake chamber 15 of
the fan which constitutes the outlet from the
separating chamber; and the upper wall 6 of
the fan case, forming the bottom of the mo-
tor case, serves to completely partition the

-fan from the motor, the overlapping annu-

lar ribs 26 and. 27 being respectively pro-
vided on this partition and the upper wail of

‘the fan, to prevent any dust from entering

the lower bearing 28 of the.spindle, which
bearing may be formed integral with the
transverse partition.

" The beneficial results which have been at-
‘tained by providing a positive centrifugal

Tan in a vacuum cleaner, and by applicant’s
arrangement of the parts, pertain to the
more efficient operation of the nozzle, the
more efficient operation of the separating
chamber, and the elimination of air churn-
ing and slipping within the fan, and of fric-
tion in its operation; each and ail of which
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several results effect an economy in general
construction and a saving of power in the
motor. :

The more efficient operation of the nozzle

arises from the fact that the positive cen-
trifugal fan 1s adapted to exhaust a suffi-
cient voiume of air from the apparatus,
with such a positive action, as to maintain a
movement of eighty cubic feet per minute
at the desired velocity through the suction
nozzle; the large volume capacity inhering
in the general type of fan, and the positive
action being caused by the substantially uni-
form air passages which prevent any slip-

k)

ping, eddying or churning of the air within

prevented from moving to or from a cen-
trifugal fan, the same will cut its way
b the alr with a less consumption of
power than when thers is such a movement
of air, so wien the nozzle of the sue-
tion cleansy is closed, as by being pressad

tight! £ an impervious objective sur-
Tace, is less conswmmnpiion of power
by apr 'z fan, than when the nozzle is
open, i ? the greater consumption of

circumstances which

b 1 e
ifugal fan
ty of from
han rotated

thirty five

2.2

el

TV
| rate of aboud
. ions per minute in the sev-
¢ machines in comeaon uss, befove
h the air, which is found
=t for all practical nur-
veouara cleansr when couplad
iarge oir volums capacity and posi-
*the fan; thus saving the power
the positive piston, diaphregm

o hp

of pumps in producing an
1 in the apparatus; and also

and ad-

2z
he chjective

sxcessive _pr

noe of ¢ae nozzle against b
surface and any injury thereis, by an &x-
cessive m within the nozzle.
The movrs siicient operstion of the sepa-

rating chamber results from ths compara-
tively slow ¢ of the axial portion of the

faxn, considerable height and velums of

o
RN

" the separaiing chamber and the axial loca-

5B

86

85

tion of the fan inlet opening in the upper
part. thereof, whereby the air is slewly
drawn into said inlet from the upper end
only of the chamber and guite uniformly
throughout the area thereof, without any

- material churaing or agitation in the cham-

ber; and thé air in the lower portion of the
chamber rtemains  substantially quiescent,
thus giving full effect to the action of grav-
ity in segregating and depositing in the
bottom of the chamber all the refuse which
is not sufficiently buoyant to float in the air,

-cause an 1ncreased air volume

1,816,448

and accomplishing a substantially complete
separation of dust from the air by the action
of gravity in the separating chamber.

A further saving of power results from
the Tocation of the inlet opening of the posi-
tive centrifugal fan in the upper end of the
separating chamber which permits a set-
tling of substantially all of the dust and dirt
from the air by the action of gravity, and
therefor avoids the use of any power con-
suming filtering walls or devices; the coarse
screen set forth herein being merely em-
ployed to catch large, light and fluffy arti-
cles, as feathers and the like, without mate-
rially impeding the flow of air through the
separator, and is therefore not av. sssential
element of the apparatus; and the deflecting
plate set forth, being likewise a ncn-essen-
tial feature of the apparatus.

The elimination of air churning
ping within the fan, arises from the
erally converging relation of the ¢
thereof, so as to give a substantially con-
stant channel between the adjacent blades
from the sxial inlet opening o
sral outlet slot of the fan; and ihs
tion of friction and other resistancs
operation of the fan, resulls from the nse o
a single stage fan and incasing the vane

and si
perip!

Ry

W3 WRiS

slimina-
in ths
e

A

]

¥

between two weils, thus avoiding She neces- 3
gity of drawing the air through s tortuous

L o SRR ek A3
rictlon whith would
wer ¢

path and saving the
necessarily be present if free vanes
ployed and impinged the walls of the
case to prevent a slipping of air arcund
edges thereof. Furihermeore the mountl
of the fan on the lowsr end of the
spindle eliminates ail frictional i
the operation of the machine szcepting oniy
the bearings of the motor spindle.

An economy of construction results from
the use of the positive centrifugal fan, be-
capacity car
diameler or the
distance between the walls of the fan, with-
oub decreaging the posibive action therecd,
thus epabling vacuum cleaners of large ca-
pacity to be bulll without previding a pln-

Dbe obtained by inersasing the d

& e
rality of fans in multistage reiation.

A swving of power in the motor is thus
attained by the use of the positive centrifu-
gal Tan and applicant’s arrangement of ths
parts, because; (1) 2 power-consuining ex-
cessive - vacuum is never cremied; {2) iess
powser instead of mors power i
whern the suction nozzle is closed; (3) no
power is consumed by » filtering wall; (4)
no power Is lost by air churning or slip-
ping within the fan; and {5) a minimuwm of

8

-

‘power is consumed by frictional contact;

thus consuming less power whan the maxi-

mum vacuum is produced and o iess volume

of air i moved, thap when a less vacuum is
produced and s greater volume of air is
moved; and varying lhe comsumption oI

g
the oeriph- ¢

s consumed 3
pa ¥
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power in proportion to the volume of air
moved, which directly represents the amount
of cleaning being done.

I claim: ’

1. An air cleaning apparatus comprising,
in combination, a case having a separating
chamber therein, a suction tube communi-
cating with the upper part of the separating
chamber, a suction nozzle at the free end of
the tube having an inlet slot with surround-
ing lips adapted to contact directly -with
an objective surface, an exhaust tube, and a
single stage two-wall centrifugal impeller
having air passages of substantially uniform
cross area, an axial inlet opening and a pe-
ripheral outlet slot, the said inlet opening
of the impeller communicating directly with
the upper part of the said separating cham-
ber and the said outlet slot of the impeller
communicating directly with the said ex-
haust tube. :

2. An air cleaning apparatus comprising,
in combination, a case having a vertically
disposed separating chamber therein, a suc-
tion tube communicating with the separating
chamber, a suction nozzle at the free end of
the tube having a narrow inlet slot, and a
centrifugal impeller mounted on a_vertical

- axis at the top of the separating chamber

having an axial inlet with a free passage
communicating therewith, for effecting a

-]

separation of dust from the air by gravity |
power proportioned’

with a consumption of
to the movement of air. ,

3. An air cleaning apparatus comprising
in combination, a dust separating chamber
of substantial volume and of a sufficient
depth below the air current to form a set-
tling chamber, a suction nozzle communicat-
ing with the upper part of the separating
chamber and having an inlet slot with sur-
rounding lips adapted to contact with an ob-
jective surface, and a centrifugal impeller
having a free passage inlet and outlet and
communicating with the upper part of the
separating chamber automatically maintain-
ing a working flow of air into the nozzle
when the inlet slot is fully open and a sub-
stantially uniform limited vacuum at the
nozzle when the inlet slot is open or closed,
and also maintaining a uniformly rarefied
and quiescent condition of the air in the
separating chamber and effecting therein a
substantially complete separation of dust
and other refuse from the air by the action
of gravity, with a consumption of power di-
rectly varying in proportion to the move-
ment of air. . '

CHARLES L. GOUGHNQUR.
In presence of-—
Evrrriepe Scamipr,
Ferp J. JETTLER.
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