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The present invention relates to a high-efficiency multi 
stage fan assembly or suction unit for a vacuum cleaner, 
and more particularly, to a multistage fan assembly 
which has two salient advantages: one, it is capable of 
meeting a wide range ‘of vacuum cleaner requirements, 
ranging, for example, from the requirements of a central 
vacuum cleaning system to that of a heavy-duty indus 
trial or commercial-type cleaner, such as a furnace cleaner; 
and secondly, it operates at relatively-higher ef?ciencies 
than the prior art devices and has its peak e?‘iciency fall 
ing within the desired operating range. 

Prior to this disclosure, vacuum cleaners have been 
designed and commercialized according to such factors 
‘as sealed suction, motor horsepower, or air flow capacity; 
but at best, these are vague criteria and do not satisfy the 
theoretical requirements of a vacuum cleaner capable of 
rendering an outstanding performance. For example, 
to rate a vacuum cleaner according to sealed suction is 
virtually meaningless since it is only an indication of 
static pressure under conditions where no useful work is 
being performed by the machine. The criterion of motor 
horsepower, which is currently in vogue, is equally con 
fusing inasmuch as it does not take into account the par 
ticular ?uid-dynamic design of the fan assembly or air 
flow system employed in the machine. 
The ‘air flow capacity, on the other hand, is an im 

portant factor to be considered; provided, however, that 
it is determined under actual operating conditions, and 
provided, speci?cally, that the pressure or suction “head” 
is taken into account. The cleaning capability of a vacu 
um cleaner, sometimes referred to in the art as the “pick 
up power” of the machine, is a function of the impulse 
exerted on the dust particles by the moving air stream, or 
more precisely, a function of the momentum of the air 
at the inlet region of the pick-up nozzle. The momentum 
of the air is a product of mass and velocity, and from a 
known mathematical derivation, can be shown to be 
dependent, ultimately, upon the square of the air flow 
measured in cubic feet per second. 

This air flow, however, must be measured under actual 
operating conditions where the vacuum cleaner is con 
nected to a particular system, as for example, to a given 
length of hose of a certain diameter with a nozzle car 
ried on the end of the hose; otherwise, the stated air ?ow 
has no real meaning. The prior art commercial ma 
chines, however, have invariably listed air ?ow purely 
as an abstract ?gure, one which is obtained from measure 
rnents made only on the vacuum cleaner, disassociated 
from any particular system requirements. Very often, 
the prior art machines do not have suf?cient differential 
pressure to maintain the desired air flow for a particular 
system; and hence, the cleaning capability falls off quite 
drastically in actual usage. Consequently, in analyzing 
the cleaning capability of a vacuum cleaner, which is 
the ultimate test, the differential pressure must be taken 
into account along with the measured air ?ow for the 
requirements of any particular system. Generally speak 
ing, a central vacuum system requires relatively-high dif 
ferential pressures to obtain the necessary air flow; an 
industrially-rated portable electric vacuum cleaner, on the 
other hand, requires moderate differential pressures, but 
conversely, a relatively-high air flow. 
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Moreover, the prior art has resorted to fan assemblies 

involving multistage impellers whose individual vanes or 
blades are generally selected from respective arcuate por 
tions of a family of circles whose centers are eccentric 
with respect to the axis of rotation. However, the selec 
tion of the generating circle, as well as the particular 
Iarcuate portion of it, is generally haphazard and usually 
involves an empirical “cut and try” approach. This ap 
proach is indeed a poor one and, to date at least, has not 
resulted in a commercially-practical impeller capable of 
achieving a theoretically optimum transfer of the me 
chanical energy of the motor shaft into the energy of 
the air. The energy in the air comprises a dynamic com 
ponent and a static component, the former involving the 
kinetic energy of the air, and the latter involving its pres 
sure energy. - 

The prior art is also exempli?ed by the German Patent 
23,234, published in 1883, which shows a vacuum cleaner 
impeller having individual blades constructed according 
to an Archimedean spiral; and by the United States Pat 
ent 2,767,906 issued in 1956, which shows an impeller 
having individual blade-s constructed according to the in 
volute curve. 

In these prior designs, the blade angle-which is de 
?ned as the angle between the tangent to the blade at 
any point and a normal to the radius of rotation at that 
point—is continually changing from the inlet to the out! 
let of the impeller. With the involute and the Archi 
medean spiral, the blade angle is continually decreasing; 
and with the arc of a circle, it is sometimes increasing, 
sometimes decreasing, depending upon the center of the 
base circle and the particular radius which is chosen. 
Because of their continually changing blade angle, these 
prior art impeller designs fail to accomplish an outimum 
transfer of energy, that is, from the mechanical energy of 
the motor shaft to the total energy of the air—for a re 
quired combination of pressure and ?ow. Moreover, these 
prior blade designs, especially the involute and the 
Archimedean spiral, are characterized by a relatively 
high inlet angle and a correspondingly relatively-low dis 
charge angle; hence, the blades are not inherently self 
cleaning and have a tendency for dust to accumulate on 
the inside of the blade, thereby resulting in reduced per 
formance and reduced operating efficiency. Furthermore, 
the air channels between adjacent blades are relatively 
long, thereby resulting in greater frictional losses. 

Accordingly, it is an object of the present invention 
to provide a high-efficiency fan assembly for a vacuum 
cleaner, one which most closely approaches the theoretical 
parameters of an outstanding unit. 

It is another object ‘to match the design of the im 
pellers with that of the stator and other stationary com 
ponents in order to obtain optimum performance and effi 
ciency from the overall fan assembly. 

It is another object to provide a fan assembly which 
is capable of meeting a wide range of system require 
ments, such that the vacuum cleaner may be readily used 
as an industrial or commercially-rated portable unit or 
else as a ?xed suction unit for use in conjunction with 
a central system. 

It is another object to provide a fan assembly whichv 
will provide greater ?ow and pressure-within the work 
ing range-than was heretofore available in the prior art. 

It is another object to provide a fan assembly whose 
e?iciency curve is substantially constant within the de 
sired operating limits of the overall systems, with the peak 
ef?ciency falling within the range. 

It is another object to provide an impeller which is 
designed to effect an optimum transfer of the mechanical 
energy of the motor shaft into the total energy of the air 
at the required combination of pressure and ?ow, the 
total energy comprising the kinetic energy, which is a 
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dynamic component, and the pressure energy, a static com 
ponent. 

It is another object to provide an impeller whose in 
dividual blades are designed in accordance with a logarith 
mic spiral generated from a base circle whose center is 
coincident with theaxis of rotation, the logarithmic spiral 
design being characterized by a constant blade angle for 
substantially uniform energy transfer at any radius of 
rotation. 

It is another object to choose one of a family of loga 
rithmic spirals whose’ angles range from a minimum of 32 
degrees to a maximum of 38 degrees. 

It is another object to provide each impeller with a 
tapered side, preferably in the order'of 4°, so as to achieve 
four main purposes: one, to adjust the pressure-?ow char 
acteristics to the precise operating range that is desired; 
two, to obtain an improved operating e?'iciency; three, to 
reduce “back ?ow” at the respective blade tips; and four, 
to reduce air turbulence between adjacent blades and 
hence reduce frictional losses. 7 

It is another object to provide a molded stator in which 
a plurality of return-channel blades are formed integrally 
on one side of the stator, while a plurality of diffuser 
blades are formed integrally on the opposite side of the 
stator, thereby resulting, ?rst, in greater compactness and 
reduced manufacturing cost, and secondly, because of 
the inherently smooth surface of the molded component, 
drastically reduced “skin” frictional losses associated with 
the air flow. 

In accordance with the broad teachings of the present 
invention, a high-efficiency fan assembly for a vacuum 
cleaner is herein illustrated and described, which com< 

> prises, in combination: a ?rst stage impeller means hav 
ing a plurality of blades, each of which is designed ac 
cording to a logarithmic spiral generated from a base 
circle whose center coincides substantially with the axis of 
rotation; a ?rst stage diffuser means radially of the ?rst 
stage rotating impeller means for controlling the rate 
of energy conversion from dynamic energy into pressure 
energy with a minimum of loss; a second stage impeller 
means axially of the return channel means, the second 
stage impeller means being substantially identical to the 
?rst stage; a return channel means for directing the air 
?ow from the ?rst stage diffuser to the second stage im 
peller; and a second stage di?user means radially of the 
second stage impeller means for converting the kinetic 
energy of the air (or dynamic “‘head”) into a pressure 
“head” with a minimum of loss involved and with a view 
to reduce the later losses involved in the discharge of 
the air through the usual exhaust. 

'Ilhe ?rst and second stage impeller means are designed 
to elfect an optimum transfer of the mechanical energy 
of the motor shaft into hydraulic ‘(kinetic and pressure) 
energy of the air; and preferably, each individual blade 
of the impeller is designed in accordance with a logarith 
mic spinal characterized by a constant blade angle in the 
order of 35", which represents an optimum compromise 
between energy transfer, input power requirements, and 
control of dust accumulation within the impeller. After 
being designed in accordance with the 35° logarithmic 
spiral, each individual blade, if desired, may be approxi 
mated as closely as possible by a circular arc, which is 
chosen purely for reasons of manufacturing convenience; 
and a family of individual blades is then generated for 
each impeller. 
The ?rst stage diffuser means preferably comprises a 

vaneless diffuser formed as an annular channel with sub 
stantially parallel sides, while the return channel means 
comprises a plurality of stationary blades, each of which 
is formed as a circular arc. The second stage diffuser 
means, on the other hand, comprises a vaned diffuser hav 
ing a plurality of stationary blades, each of which is 
formed as a chordal portion of a cylinder; and prefer 
ably, the return channel means and the second stage‘ 
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diffuser means are economically formed as an integrally 
molded stator. 
‘These and other objects of the present invention will 

become apparent from a reading of the following speci?~ 
cation, taken in conjunction with the enclosed drawings, 
in which: 
FIGURE 1 is a perspective view of a typical portable 

power-driven vacuum cleaner in which the teachings of 
the present invention may ?nd particular utility; 
FIGURE 2 is a top plan view thereof; 
FIGURE 3 is a stepped section view, taken along the 

lines 3—3 of FIGURE 2, drawn to an enlarged scale, and 
showing the fan assembly of the present invention in 
longitudinal section; 
FIGURE 4 is a transverse section, taken along the lines 

4—4 of FIGURE 3, and showing the impeller means with 
a plurality of individual blades, each of which is designed 
as a portion of a logarithmic spiral; 
FIGURE 5 is a transverse section view, taken along 

the lines 5—5 of FIGURE 3, and showing the return 
channel blades on the molded stator; 
FIGURE 6 is a fragmentary perspective view of the 

molded stator, showing the return channel blades on the 
bottom side of the'stator and the diffuser blades on its 
top side; ' 
FIGURE 7 is a detail section view, taken along the 

lines ’7—7 of FIGURE 3, and further showing the for 
mation of the integrally-molded stator; 
FIGURE 8 is a schematic drawing of one of the im 

pellers of the present invention with the blades being de 
signed in accordance with a family of logarithmic spirals 
characterized by a constant blade angle, the view show 
ing the measurement of'the blade angle, ‘the discharge 
angle, and the development of the absolute velocity vec 
tor, the latter representing the average absolute velocity 
of the air leaving the impeller in magnitude and direction; 
FIGURE 9 is a schematic drawing of the assembly 

components~both stationary and rotary—to illustrate 
typically proportions between the dimensions of the vari 
ous components in one preferred embodiment constructed 
in accordance with the teachings of the present invention; 
FIGURE 10 is a typical pressure-?ow (or “head-ca 

pacity”) curve for an embodiment of the present inven 
tion, showing a comparison with two well-known prior 
art devices tested under identical conditions, and further 
showing the requirements placed upon a typical central 
vacuum cleaning installation, as well as the requirements 
placed upon two typical industrial or commercial-type 
vacuum cleaners; 
FIGURE 11 compares the suction unit of the present 

invention and that of two leading prior art commercial 
machines, all tested under identical conditions using an 
ori?ce tunnel, and plotting a curve of actual measured 
air flow at various standard ori?ce diameters; and 
FIGURE 12 corresponds substantially to that of FIG 

URE 11, but compares e?iciency versus ori?ce diameters. 
With reference to FIGURES 1 and 2, there is illus 

trated a typical portable electric vacuum cleaner 10 with 
which the teachings of the present invention may ?nd par 
ticular utility. It will be appreciated, however, that the 
invention may be used with other power-driven vacuum 
cleaners and is not con?ned to the particular cleaner 10 
shown in the drawings. With this in mind, the cleaner 
10 comprises a tank or receptacle 11, a base 12, a pair 
of wheels 13, a front caster 14, a handle 15 by means of 
which the cleaner may be guided, a dome-shaped cover 
housing 16, an inlet opening 17 in the tank, and a pair 
of exhaust openings 18 in the cover; and as shown more 
clearly in FIGURE 3, the cover houses an electric motor 
19 and the fan assembly 20 of the present invention. 
With particular reference to FIGURE 3, the tank sup 

ports a bag stretcher ring 21 upon which a suitable ?lter 
bag or dust bag 22 is secured. The dust bag, which is 
only partially illustrated, is su?‘icicntly porous and has an 
annular bead 23 to facilitate its mounting on the stretcher 
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ring 21. The stretcher ring 21 has an annular ?ange 21a 
which receives an annular resilient gasket 24. A lower _ 
portion 25 of the cover is supported on top of the gasket 
and is clamped to the tank by suitable latches (not 
shown). The lower portion 25 of the ‘cover is secured 
to the bottom of an annular peripheral rim 26 formed 
as part of a molded stator 27. The rim 26 has a plural 
ity of circumferentially-spaced integrally-molded insert 
sleeves 28, see FIGURE 5, which are tapped to receive 
respective screws 29 that secure the lower portion of the 
cover to the stator 27. The stator is preferably integrally 
molded from a suitable plastic, such as a phenolic com 
pound, primarily for reasons of manufacturing conven 
ience and economy. An upper chamber cover 30 is se 
cured to the stator by means of a plurality of mounting 
studs 31, see FIGURES 1 and 3, which receive respective 
lock nuts 32. The upper chamber cover 30 provides a 
support for the electric motor; more speci?cally, the 
motor housing cover 33 is secured to the upper chamber 
cover by a plurality of screws, one of which is shown as 
at 34 in FIGURE 3. The motor housing 35 is in turn 
secured to the motor housing cover 33 by means of a 
plurality of screws, one of which is shown as at 36. A 
motor skirt 37 is secured to the motor housing cover (by 
means of the screws 34) and the usual electric switch 38 
and line cord grommet 39 are mounted on the skirt. The 
electrical connections between the line cord, switch, and 
motor are conventional and hence are omitted for ease of 
illustration. A motor dome 40 is secured to the top por 
tion of the motor housing by means of screws 41. 
The electric motor 19 is preferably of the “universal” 

type and comprises a ?eld 42 (whose core is secured to the 
motor housing by means of screws 43) and a wound 
laminated armature 44 rotating concentrically within the 
?eld. The armature has a shaft 45 journaled in a bearing 
46 in the motor housing cover 33. The motor is prefer 
ably of the “bypass” type, that is, it is provided with a sep— 
arate air cooling circuit which is activated by a fan 47 
having a hub 48 mounted on the armature shaft. The 
fan draws cooling air through a series of inlet ports 49, 
and the air is ultimately discharged through outlet ports 
50. The bearing 46 for the armature shaft is retained 
by means of a washer 51 and screw 52, and is provided 
with a spacer 53 and the usual sealing gasket 54. 
The fan assembly 20 of the present invention is prefer 

ably of the multi-stage type and utilizes a ?rst stage im 
peller 55 and a second stage impeller 56. The impellers, 
which are substantially identical to one another, are 
mounted upon the end of the armature shaft by means of 
the usual spacer collar 57, washer 58, and lock nut 59, 
the latter engaging the threaded end 60 of the shaft. 
The impellers 55 and 56, see FIGURE 4, are each pro 

vided with a plurality of blades 61; these blades 61 are de 
signed in accordance with a family of‘ corresponding 
logarithmic spirals, the purpose of which will hereinafter 
be explained in detail. Moreover, each impeller has a 
tapered lower face 62 of approximately 4”, and the rea 
sons for choosing the taper (as well as the logarithmic 
spiral) will hereinafter be described in detail. 
The air enters a central aperture 63 in the lower por 

tion 25 of the cover, see FIGURE 3, and into an inlet 
“eye” 64 of the ?rst impeller 55. The purpose of the 
impeller 55 is to achieve an optimum transfer of the 
mechanical energy of the motor shaft into kinetic and 
pressure energy of the air. The air is discharged radially 
of the impeller 55 into a ?rst stage diffuser means com 
prising a vaneless diffuser 65 having substantially parallel 
sides, the lower one of which is provided by an annular 
portion of the lower cover‘25, and the upper one of 
which is provided by an annular portion of a centrally 
apertured circular plate 66. 'The plate 66 is secured to 
the underside of the molded stator 27 by rivets 67 or 
other suitable means. The purpose of the vaneless 
diffuser is to obtain a controled conversion of air velocity 
into pressure with a minimum of loss involved and thus to 
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6 
facilitate a later turn of the air back towards the axis of 
rotation. This turn is accommodated by the return chan 
nel means which comprises a plurality of return-channel 
blades .68 integrally formed as part of the molded stator 
27. As shown in FIGURE 5, the return channel blades 
68 are individually formed as arcuate portions of a circle. 
The return channel means is not intended to change the 
total energy level in the air, but rather, has two main 
functions: First, to guide the air back towards the axis 
of rotation and into the second impeller 56; and secondly, 
to minimize the losses due to turbulence in the moving 
air. 

The air then enters into the inlet “eye” 69 of the second 
impeller 56, the design and purpose of which is substan 
tially identical to that of the ?rst impeller 55; and addi 
tional “stages” could be introduced, if desired, consonant 
with the teachings of the present invention. The air is 
discharged radially from the second impeller 56 and into 
a second stage vaned diffuser 70. The diffuser 70 com 
prices a plurality of vanes or blades 71, see FIGURE 4, 
which are individually for-med as chordal portions of a 
cylinder, with the vaned diffuser 70 being formed as part 
of the molded stator 27 primarily for reasons of econ 
omy and'manufacturing convenience, but also, tovpro 
vide an inherently smooth surface which reduces “skin” 
frictional losses. The purpose of the vaned diffuser 70 
is to convert the dynamic (kinetic) energy of the air into 
additional static (pressure) energy to minimize the dis 
charge losses out of the unit. The air is then discharged 
into an annular plenum chamber 72 formed between an 
annular ba?le 73 and the upper chamber cover 30, see 
FIGURE 3; and the plenum chamber 72 is in communi 
cation with the exhaust openings 18, it being noted that 
the direction of the air ?ow may be reversed in a suitable 
manner for using the vacuum cleaner as a blower. 

With reference to FIGURE 8, one of the impellers (55 
or 56) is shown in schematic form to illustrate the design 
of the impeller in accordance with the logarithmic spiral, 
and also, to illustrate the measurement of the blade angle 
and the development of the absolute velocity vector, the 
latter representing the average absolute velocity of the 
air leaving the impeller in magnitude and direction. The 
blade angle (denoted by 0) is the angle between the tan— 
gent to the curve at any point and a normal to the radius 
of rotation at that point. The discharge angle (denoted 
by B) is the angle between the absolute velocity vector 
(denoted as Vabs) and the tangent to the outer diameter 
of the impeller at the blade tip. From a known deriva~ 
tion involving the Euler equation, it can be shown that 
the kinetic energy of the air leaving the impeller is de 
pendent upon the square of Vabs. As shown by the paral 
lelogram-type of vector diagram in FIGURE 8, Vabs is the 
resultant of vector of V,,, which is the tangentail velocity 
of the impeller; Vs, the so-called “slip” velocity of the air 
?ow; and Vm, the velocity of the air relative to the im 
peller, it being noted that Vrel is deterrmined from V,,,, 
which is the normal or meridian velocity of the air and 
constitutes the radial component of VH1. 
The logarithmic spiral is quite different from either the 

Archimedean spiral or the involute; and as is well known, 
the logarithmic spiral satis?es the polar equation: 

r=polar radius to any point on the curve, 
a=radius of base circle, 
e=base of the natural logarithm, 
k=tan 0, where 0=the blade angle, and 
¢=polar angle to the same point on the curve. 

The stationary components of the overall fan assem 
bly 20 are then chosen so as to be fully compatible with 
the design and construction of the impellers 55 and 56. 
The ?rst stage diffuser means comprising the vaneless 
diffuser 65, as well as the second stage diffuser means 
comprising the vaned diffuser 70, are formed with par 
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allel sides‘ for obtaining a minimum of loss, and accord 
ingly, a maximum e?iciency. 
The logarithmic spiral is characterized .by a constant 

blade angle from its inlet to its outlet portions, and this 
distinguishes the logarithmic spiral design from the prior 
art designs in which the blade angle is continually chang 
ing. A substantially constant blade angle insures a sub 
stantially uniform and optimum transfer of energy (from 
the mechanical energy of the motor shaft into the energy 
of the air—dynamic and static) at the desired combina 
tion of pressure and flow and hence facilitates an improved 
operating efficiency of the overall fan assembly. 

Moreover, as hereinbefore noted with reference to FIG 
URE 3, each of the impellers 55 and 56 has a respective 
tapered side 62 with the taper preferably being in the 
order of 4 degrees and converging towards its respective 
straight side in a direction away from the axis of rotation. 
The tapered design of the impeller achieves a precise “tun 
ing in” to the desired range of pressure and ?ow; and at the 
same time, improves operating ef?ciency, reduces “back 
?ow” losses around the tip of each blade; and reduces fric 
tional losses due to turbulence in the respective channels 
de?ned by adjacent blades. 

Moreover, the blades of the impellers are inherently 
self-cleaning and resist the tendency for dirt to accumulate 
within the impeller, which is a decided improvement over 

. the prior art practices, it being appreciated that in any vac 
uum cleaner, some ?ne dirt will eventually pass through 
the usual ?lter dust bags. 
Each of the logarithmic spirals is generated from a base 

circle 74, see FIGURE 8, whose center coincides with the 
axis of rotation; a portion of the logarithmic spiral is 
selected, and, if desired, that portion may be approximated 
as closely as possible--for reasons purely of manufactur 
ing convenience—by the arc of a circle, it being appre 
ciated that within some region, any curve can be closely 
approximated by an arc of a circle. ' 
The stationary components of the overall fan assem 

bly 20 are then chosen so as to be fully compatible with 
the design and construction of the impellers 55 and 56. 
The ?rst stage diffuser means comprising the vaneless 
diffuser 65, as well as the second stage diffuser means 
comprising the vaned diffuser 70, are formed with par 
allel sides for obtaining a minimum of loss, and accord 
ingly, a maximum e?iciency. 

Preferably, the ratio or proportion of the dimensions 
of the various components—stationary as well as ro 
tary—should be in the following order of magnitude for 
optimum operating e?iciency: 
De?ning the inlet or inner diameter of each impeller 

as D1, see FIGURE 9, its outlet or outer diameter. as 
D2, its inlet height at H1, and its outlet height at Hz, the 
following ratios were preferred in a typical commercial 
embodiment constructed in accordance with the teachings 
of the invention: 

Moreover, the ratio of inlet area to outlet area, con 
sidered theoretically for the above noted ratios of height 
and diameter, equals 0.57. However, in actual practice, 
the blade thickness must be taken into account; and for 
the preferred embodiment, the ratio of inlet area to outlet 
area for each impeller is approximately 0.55. 

It will be appreciated that these ratios are given to best 
illustrate to one skilled in the art how a preferred em 
bodiment of the invention was actually constructed, that 
obviously, some range or latitude in dimensional pro 
portions is contemplated, and that the above ratios are 
not considered as precise limitations upon the scope of 
the claimed invention. Moreover, these ratios may be 
considered as approximate values chosen for optimum 
operating et?ciency of the system, at the required com 
bination of pressure and flow, regardless of the particular 
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speed of the motor shaft 45 and the actual magnitude of 
the physical dimensions chosen. 

Further de?ning D, as the maximum diameter of the 
stator 27 (vaneless diffuser 65 as well as return channel 
68) see FIGURE 9 again, D; as the maximum diameter 
of the inlet portion of the return channel blades 68, D5 
as the minimum diameter of the inlet portion of the 
return channel blades 68 (resulting from the taper 75), 
D6 as the minimum diameter of the outlet portion of 
the'return channel blades 68, D; as the maximum diam 
eter of the outlet portion of the return channel blades 68 
(resulting from the oppositely-directed taper 76), D, as 
the inner diameter of the vaned diffuser 70, D9 as the outer 
diameter of the vaned diffuser 70, H3 as the height of the 
vaneless diffuser 65, H; as the height of the return chan 
nel blades 68, and H5 as the height of each vane of the 
vaned diffuser 70, the following ratios are appropriate: 

In other words, considering the outer diameterpof each 
impeller as unity, that is, D2=1, we ?nd in the preferred 
embodiment that D1 is 0.35; H1 is 0.062; H2 is 0.038; 
D3 is 1.52; D4 is 1.32; D5 is 1.28; D6 is 0.328; D7 is 0.40; 
D8 is 1.10; D9 is 1.38; H3 is 0.065; H4 is 0.077; and H5 
is 0.055. 
The head-capacity (or pressure-?ow) curves of the fan 

assembly 20 of the present invention are shown in FIG 
URE 10, along ‘with a comparison of the corresponding 
curves for two leading units indicative of the commercial 
prior art to which the invention pertains. The efficiency 
curve for the entire vacuum cleaner 10 constructed in 
accordance with the teachings of the present invention is 
'superimprosed upon the head-capacity curve for pur 
poses of further illustration. The requirements of sep 
arate systems are also indicated on the curve of FIGURE 
10. A system involving relatively-long lines with smaller 
diameters, such as may be found in a central vacuum 
installation, is contrasted against a system involving 
relatively-shorter lines, and conversely, relatively-large 
ori?ce diameters. In the ?rst case, the pressure is rel 
atively high and the flow is moderate; in the latter, the 

In FIG 
URES 10 and 11, “s.c.f.m.” is known in the art as “stand 
ard cubic feet per minute”; it is referred to as “standard” 
air at 68° F., 14.70 p.s.i.a., and relative humidity of 36%. 
FIGURES 11 and 12 show the increased air ?ow 

capacity and efficiency which is obtained with the suction 
unit 20 of the present invention. 
To summarize, the curves of FIGURES 10, 11 and 12 

demonstrate, ?rst, that the present invention has greater 
air-?ow capacity at useful levels of pressure or “head” 
than was heretofore available in the art; secondly, that 
as a result of this greater capacity, the unit covers a much 
wider range of typical vacuum cleaner system require 
ments, and this is valuable in that the same unit may be 
used, for example, in typical central vacuum systems as 
rWell as in typical heavy-duty industrial applications for a 
portable machine;'thirdly, the “peak” efficiency of the 
suction unit of the present invention is relatively high— 
higher than that which was heretofore obtainable in the 
best of the prior art machines; and lastly, the e?iciency 
of the present invention (at the operating range) is sub 
stantially constant and is close to the “peak” efficiency, 
with the “peak” e?iciency falling within the operating 
range. 
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Obviously, many modi?cations may be made without 
departing from the basic spirit of the present invention; 
and accordingly, within the scope of the appended claims, 
the invention may be practiced other than has been 
speci?cally described within. 

I claim: 
1. A higlre?iciency fan assembly for a vacuum cleaner, 

blower, and the like, comprising: 
(A) "First and second rotating impellers, axially spaced 
from the one another, and having respective inlets 
and discharges; 

(B) A vaneless di?user comprising an annular chan 
nel radially of the ?rst impeller discharge and com 
municating therewith; 

(C) A stator disposed axially between the impellers 
and including a portion extending radially there 
beyond; 

(D) The stator having a pair of sides, each confronting 
a respective impeller inwardly of the radially-extend 
ing portion of the stator; 

(E) A plurality of return channels formed on the 
side of the stator confronting the ?rst impeller; 

(F) Whereby the air flow is directed from the inlet 
of the ?rst impeller, through the ?rst impeller dis 
charge into the vaneless diffuser, and beneath the 
radially-extending portion of the stator; and then is 
reversed back towards the axis of rotation, through 
the return channels of the stator, and into the inlet 
of the second impeller; and 

(G) A vaned diffuser comprising a plurality of dif 
fuser vanes formed in an annular band on top of 
the radially-extending portion of the stator, radially 
of the second impeller discharge and communicat 
ing therewith; 

(H) Whereby the second impeller is nested within 
the diifuser vanes on the stator, and whereby the air 
?ow from the second impeller is discharged radially 
through the vaned diffuser. 

2. The fan assembly of claim 1, wherein: 
(A) The stator with its return channels on one side 
and its vaned diffuser on the other side is formed 
integrally as a molded stator. 

3. The fan ‘assembly of claim 1, wherein: 
(A) The ?rst and second impellers are identical and 
comprise a plurality of circumferentially-spaced 
blades, each of which is designed according to a 
logarithmic spiral having a blade angle ranging from 
32° to 38°. 

4. The improvement of claim 3, wherein: 
(A) Each impeller has a lower tapered face, the taper 
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converging radially away from the center of rotation. 

5. In a vacuum cleaner having a receptacle tank and a 
cover for the tank, the combination of: 

(A) An integrally-molded stator supported on top of 
the cover and secured thereto; 

(B) A motor housing supported on top of the stator 
and secured thereto; 

(C) A motor in the motor housing, the motor having 
a shaft extending coaxially through the stator; 

(D) Said stator having a plurality of return-channel 
blades formed on one side and a plurality of diffuser 
vanes formed on its opposite side; 

(E) ‘First and second axially-spaced impellers mounted 
on the mot-or shaft with the stator therebetween, each 
of the impellers having respective inlets and dis~ 
charges; 

(F) Means directing the air ?ow of the ?rst impeller 
discharge reversely back towards the axis of rotation 
and into the return channels of the stator, thence 
into the inlet of the second impeller; and 

(G) Means directing the air flow of the second im 
peller discharge radially into the diifuser blades of 
the stator. 
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