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An axial flow air impeller for automotive radiator and heat exchanger use comprising a hub, a plurality of air moving blades and
an orifice ring, the hub adapted for rotation about an axis and carrying a plurality of integrally formed similar circumaxially spaced
and generally radially outwardly projecting air moving blades, each of said blades having a root end portion integral with the hub
and a radially outwardly disposed tip end portion with smoothly curving side edges therebetween, said air impeller being

adapted for unidirectional rotation and said side edges comprising leading and trailing edges the leading edge of wr
substantially forwardly when viewed from root end portion to tip end portion, the projected width of each blade thus be

Ich curves
Ing at least

40% greater at the tip end portion than at the root end portion, the maximum thickness of each blade varying from a ir
the root end portion to a minimum at the tip end portion, and the maximum thickness at the tip end portion being at

aximum at
least three

times the thickness at the blade trailing edge, and an orifice ring integral with each blade tip end portion and circumscribing the
plurality of blades, said ring having upstream and downstream ends and having a flange at one end with a substantially smooth

radius at the junction with the ring portion.
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ABSTRACT

An axial flow air impeller for automotive radiator and heat
exchanger use comprising a hub, a plurality of air moving blades and an
orifice ring, the hub adapted for rotation about an axis and carrying a plurality
of integrally formed similar circumaxially spaced and generally radially
outwardly projecting air moving blades, each of said blades having a root enad
portion integral with the hub and a radially outwardly disposed tip end portion
with smoothly curving side edges therebetween, said air impeller being
adapted for unidirectional rotation and said side edges comprising leading
and trailing edges the leading edge of which curves substantially forwardly
when viewed from root end portion to tip end portion, the projected width of
each blade thus being at least 40% greater at the tip end portion than at the
root end portion, the maximum thickness of each blade varying from a
maximum at the root end portion to a minimum at the tip end portion, and the
maximum thickness at the tip end portion being at least three times the
thickness at the blade trailing edge, and an orifice ring integral with each
blade tip end portion and circumscribing the plurality of blades, said ring
having upstream and downstream ends and having a flange at one end with a

substantially smooth radius at the junction with the ring portion.
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A variety of axial flow fan designs have been employed 1in

¢ooling automotive radiators and 1n similar heat exchangeér
> applications and, while certain designs have been generally
satisfactory, no single impeller dgsign has been compleately
satigfactory in all respects.
It 18 the general object of the present inventlon to provide
an improved axial flow air impeller which répresents a judicioua

10 compromise of deslgn objectives such ag minisum noise generation,

highly efficient aerodynamjic operation and economy of material

and manufacture.
SUMMARY OF THE INVENTION
In fulfillment of the foregoing object, an improved axial
15 flow air impeller for automotive radiator fan use or the like
comprises a hub adapted for rotation about an axis and carryiné a
plurality of integrally formed similar circumaxially spaced air
moving hblades. The Dblades project generally radially outwardly
from the hub and each blade has a root end portion integral with
20 the hub and a radially cutwardly diapQuedtipwend portion with
smoothly ¢urving opposite sidc edges between the roat and tip end
portions. The air 1mpeller is adapted for unidireatianal
rotation and, accordingly, the nide edges comprise laading and

tralling edges of the blades.
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In accordance with the present invention, the leading edge
of each blade curves substantially forwardly when viewed from the
root end portion to the tip end portion and, as a result, the

projected wvidth of each blade is at least 49% greater at the tip

"end portion than at the root end portion. Preferably, and in the

pregsently favored design, the tip end portion of each blade is

approxlmately 49% LO 80% widet than the root and partion thereof.

The maximum thickness of each fan blade alzo.variea from a
maximum at the root end portion to a minimum at the tip a&nd
portion and the maximum thickness at the tip end portion is'
preferably at least three times the thickneaa'at the blade
trailing edge.

Finally, an orifice ring is formed integrally with each
blade tip end portion and circumscribes the plurality of bladeé;
The ring has upstreanm and downgtream ends and is provided ﬁith‘a
smooth radius and is optionally at least approximately bell

mouthed as illustrated at its upstream or downstream end.

=34 RESCRIPLILON S iE_DRAWINGS

Fig. 1 18 a fragmentary rear view of an improved axial flow

air impeller constructed 1in accordance with the present

invention.

Fig. 2 18 a fraqmentary gide view of the air impeller of

Fig. 1.
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DESCRIEPTION QF EREFERREDR EMBODJIMENT
Referring particularly to Fig. 1, it will be observed that a
hub ig partially shown and indicated generally by the reference
numeral 1¢. The hub 10 may be rotated by an output shaft of an
electric motor, a belt drive from an internal combustion engine

etc., and serves to support and rotate a plurality of air moving

biades., AR air moving blade 12 is illustrated at 12 and a second
air moving blade 1s partially illuatraéed at 12a, The air
impeller shown is provided with nine (9] identical blades equally
spaced c¢ircumaxially and each blade projects radially outwardly
from the hub 10. Preferably, the impeller is of molded plastic
construction and the hub 19 and blades 12 are formed integrally.
That is, a root end portion of each blade 12 is formed integrally
with the hub 19 and the blade projects generally radially
outwardly from the hub to itq terminati¢n 18.

A root end portion of the bhlade 12 is {llustrated at 14 and,

as best shown in Fig. 2, the root end portion 14 of the blade 1.2
ije inclined or arranged at an angle of "pitch" relative to an
axis of rotation 16. As will be apparent in Fig. 2, blade
"pitch" decreases from the root end portion to the tip end
portion 18 of the blade 12. .

The blade 12 has smoothly curved side edges extending
between its root end portion 14 and its tip end portion 18 and,

more particularly, the blade has a leading edge 20 and a trailing

3
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i1iustrated in Fig. 1 by the directional arrow 24 .

Tn accordance with the present invention, the leading edge
of each blade 12 of the impeller of the present inventicn 18
curved substantially forwardly when viewed from root end portion
to tip end portion and the vidth of each blade is thus increased
substantially in progression from the root end portion to the tip
end portion. That 1is, the tratling edge of each blade 12 18
preferably at least approximately radial as illustrated in Fig. 1
such that a substantial increase 1n blade width or "chord"™ occurs
am a result of the forward sweep of the blade leading edge 26@.
Preferably, at least a 40% increase 1in blade'projected width
occurs throughout blade length and, &as illustrated, the blade is
substantially twice as wide at its tip end portion as at its root
end portion thus showing a 10@3% 1ncrease in width. Further, the
forward sweep of the leading edge of the blade preferably occurs
at a radially outwardly disposed portion thereof. Thus, the
major portion of the forward curve at the leading edge of aach
blade preferably occurs at the outer one-half of the blade length
measured from the root end portion to the tip end portion and,

more gpecifically, at the outer one-third of the blade length 8o

measured.
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The forward sweep of the leading edge of each of the blades.
12 substantially improves the time incidence differential for
radial points along the outer portion of the blade-leadihg edge,
This”results in a significant reduction in noise generation.

In observation of Fig. 2, it will be observed that a
significant variation in thickness occurs as the blade progresses
from its root end portion 14 to its tip end portion 18, the
thickness of the blade being substantially reduced. The
thicknesgs variation is designed to minimize stress in the blades
and at the game time reduce to the extent possible the amount of
material required to make the blade relative to a uniform
thickness bladé 0f the same strength. The maximum blade
thickness Tpay hear the root portion of the blade is judiciously
selected as are various gection thicknesses along the length of
the blade from its root end portion to its tip end portion. That

is, the blade thickness Tg at any blade section may be determined

ag follows;

Ts - Tmax {(Ye/Troot)X
whereé,
Tg - blade thicknessg at the

. measured section, =

Tmax = maximum blade thickness near the
root tip end portion

g - radius ratio x at section &
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I'root - gsection radiua =t blade root end

X - between 1.0 and ¢.5 (value apsigned sgo

that minimum value cof Tg will not be
less than 3 times thickness at blade {

trailing edge). |

value of ¥ 18 selected as above falling between 1.9 and @.h as
indicated. The limit of three timeé the thickness of the blade
edge is degsirable but a limit of four times blade edge thickness
igs regarded as well within the scope of the invention.

HS will be apparent from the foregoing, the blade mid~chora

pointg are gradually shifted forwardly in progression from the

root end portion of the blade to the tip &nd portion by the
forward sweep of the blade 1¢ad1ng edge. Thus, the dimension y 4
shown in Fig. 2 mMay represeﬁt‘an apptoximate ovérall £¢rward
ghift of the blade mid-chordpqint.from the root end portion of
the blade to the tip end portion thereot.

Finally, and further 1n accordance with the present
invention, the improved air impeller is provided with an orificae
ring partially shown at 26. The orifice ring 26 is formed
1ntegrally with the outer end portibn 18 of the blade 12 and 1is
gsimilarly formed with the remaining nine blades of tha-impeller
so as to circumscrihe the plurality of blades forming the

impeller. AS best illustrated in Fig. 2, the inpeller has

&
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upstream and downsiream edges or ends and the upstream oOrf
downstream edge or end thereof is at least approximately bell
mouthed. This of coursetservea to provide for a smooth flow of
air into or from the fan hlades and tends to prevent blade to
hlade leakage of air around the tips of the blades. Ohviously,
the outer surface of the orifice ring may be contoured to match
an asgociated housing Or other opening in whic¢h the impeller 1S
mounted. Clearance employed between the moving and stationary
surfaces at the outer diameter of the ring can be provided at
normal manufacturing tolerances found in high volume commercial
applications. With this arrangement a better air seal 1=
achieved than can be obtained using a convehtional air impeller
design without an orifice ring but employing very tight running
tolerances. That is, a clearance of @.1¢ with.the ring will

match a clearance of 9,905 without a ring.

As mentioned, the 1mproved.axial flow ailr impelleor of the
present invention provides for very low operating noise, maximum
aerodynamic efficlency, improved mechanical strength and minimum
material usage in manufacture. The thickness variation minimizes
stress in the blades and at the same Time reduces the amount of
material required to make the blades. "The addition of the
orifice ring provides lateral stiffness to the impeller blades
which accommodates the relatively thin blade sectilons, this in

addition to the primary function oOf the orifice ring in reducing

7




hlade tip leakage. The reduction in blade tip leakage

contributes directly toO higher aerodynamic efficiency and the

resulting decrease in flow disturbance around the blade tips

serve still further to reduce nolsge generation.



IN THE CLAIMS

1. An axial flow ailr impeller LOI automotive radiator, heat
exchanger use and the like comprising a nub adapted for rotation
about an axis and carrying a plurality of 1ntegrally formed
similar circumaxially spaced and generally radially outwardly
proje¢ting alr moving blades, each of sald blades héving a root
end portion integral with the'hub and a radially soutwardly
disposed‘tip end portion with smoothly curving side edges

tharebetween, said air impeller being adapted for unidirectional

rotation and saild side edges comprising leading and trailing
edges the formerx of which curves substantially forwardly when
viewed from root end portion to tip end portion, the projected
width of each blade thus belng at least 40@% greater at the tip

end portion than at the root end portion, the maximum thickness

of each blade varving fyom a maximum at the root end portion to a

minimum at the tip end portion, and the maximum thickness at the
tip end portion being at least three times the thickness at the
blade trailing edge, and an oritice ring 1ntegral with each blade
tip end portion and circumscribing the plurality of blades, sald

ring having. upstream and downstream ends and having a flange at
one end with a Substantially gmooth radius at the junction with

the ring portion.

-
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2. An axlal flow air impeller as set forth in claim 1 whereiln
said blade trailing edges extend at least approximately along

" radial lines, the blade mid-chord points thus being gradually
shifted forwardly in progresglon from root end portion to tip end

portion by the forward sweep of the blade leading edgas.

3. an axial flow air impeller as set forth in claim 1 wherein
the forward curve of each blade leadinyg edge is such that blade

width 18 approximately 40% to 80% greater at the tip end portion

than at the root end portion.

4. An axlial flow air impeller as set forth in claim 1 wherein
the maximum blade thickness at each hlade tip end portion is at

leaast three times the thickness at the blade trailing edge.

5. An axial flow alr impeller as set forth in claim 2 wherein
the major portion of the forward curve at the leading edge of
each blade occurs at the outer one-half of the blade measured

from the root end portion to the tip end portion.

6. An axial flow air impeller as setl forth in ¢laim 5 wherein
the major portion of the forward curve at the leading edge aof
each blade occurs at the outer one~third of the blade meagurad

from the root end portion to the tip end portion.

10
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7. Aan axial flow air impeller as set forth in claim 1 wherein

hiade thickness at any blade gection 1s:
T« = Tmax (Ys/Troot)X

where:

Tg = blade thickness at
the meapured section, 8

Tmax = maximum blade thickness near the
root tip end portion

rsg = radius ratio x at section P

Yrogot = section radius at blade root end

%x = hetween 1.9 and @.5 (value asgiygned so that minimum valﬁe
of Tg will not be legs than 3 times

thickness at blade trailing edge).

11
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