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factory results being obtained also if the alignment of
the leading edges departs from that of the trailing edges.
o by as much as 15 degrees. The - curvature in
e opposite direction of the -trailing edges of the blades
- relat:n.ng only to the last fourth of the efflux surfaces,
it may nevertheless be advantageous in certain cases that
this curvature in opposite direction begins directly
after the area between the tralllng and leading edge of
the blades. The rotors may be integrally manufactured by
casting, injection-molding or milling, and may be made of
an aluminum alloy, stainless alloyed steel, plastic, or a
similar material.

The teaching is essentially aimed at obtaining a
blade geometry such that the direction vector of the
leading and trailing edge of each blade extends largely
in parallel. The design method selected for this purpose
consists in projecting various profiles on concentric
circles. This results in a type of surface for the de--
scription of the blade geometry which cannot be described
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specr tic SUp@hls r.}t[ggréll en‘!:fionedalg mad@ known impeller which
is remarkable in so far as the problem of ejectlng such
impellers from the mold has been solved in a simple
manner, in spite of undercuts existing between the blades
and the hub structure, by using an injection mold of a
straightforward. structure. However, the blades of the
) known impeller are shaped and arranged on the circum-
A ferential outer surface of the hub structure such that at
no point is there an overlap of adjacent blades. A gap
is invariably maintained between adjacent blades.
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In sp:r.te of the presence of this known and already
largely optlmlzed impeller, it is nevertheless de51rab1e_
for a variety of reasons to provide an impeller with
overlapping blades. To begin with, the efficiency of an
impeller can be further increased by having blades of a
suitable profile overlap each other. In the second
pPlace, the use of impellers having overlapping blades
makes specific supplementary structures redundant which
otherwise would be necessary to protect the user.. Thus,
the use of an impeller with overlapping blades obviates
the provision of supplementary structures, as for pre-
venting the user from accidentally reaching through the
impeller with thin metallic objects into the interior of
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particular thehe prior art initially referred to, .in which the profile
: : formed by the outer edge of each blade has a curvature of
constant sign, and all cross-sections of the blades nor-
mal to the axis of rotation form straight lines whose ex-
tensions intersect a vanishing line associated with each
blade. : o

&.«/ As will be explained in greater detail in the sub-
sequent description of the embodiments, an impeller de-
signed under these side constraints is by all means un-
moldable, irrespective of the particular blade profile
selected, ¢that is, it can be manufactured using
injection-molding processes. ‘The slide geometry and
slide Kkinematics of the injection mold, in particular the
shaping of the slide and the selected direction of slide
withdrawal, can be readily specified in theory and put
into practice with due consideration of the side con-
straints set forth in the foregoing. In particular,
slide geometries may be contemplated extremely advanta-
‘geously which obviate the necessity of separating the
slides on the blade upper and lower surface. Further,
the blade outer edges may not only lie on circumferential
outer surfaces of a cylinder but also on circumferential
outer surfaces of any rotationally symmetrical body,
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sel ecting a ttl d% Ie when transformed into the system of R
' ' cyl:.ndrlcal coordinates which is better suited for the
description of the impeller geometry. The properties of
the theoretically determined optimum profile (in Carte-
sian coordinates) are substantially maintained owing to a
" largely undeformed transformation to the real impeller.
In practice, a compromise is reached between the advan-
&., _ tages of the acute~angled and the parallel alignment of
_ adjacent blade edges by selecting a very acute angle.

The special arrangement of the extension ‘line of a
blade leading edge and blade tralllng edge such that this
extension line passes through the axis of rotation and a
vam.shlng line is based on a simple, one~parameter design
principle. ' The blade geometry may be modified within
wide limits merely by varying the position of the vanish-
ing line relative to the axis of rotation.

Arranging the vanishing lines of each blade within a
circle formed by the maximum diameter of the hub struc-
ture effects an only minor deformation of the theoreti-
cally determined profile of the blade surface when trans-
forming the profile from the system of Cartesian coordi-
nates to the system of cylindrical coordinates.
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kJ.nematlcs in the impeller of FIGS. 4 and 5;

. FIG. 7 is a dlagrammatlc view of an impeller geome- .. -
. try with overlapplng blades illustrating a second embodi-
ment of the invention, projected on a plane normal to the
axis of rotation; and

FIG. 8 is a dlagrammatlc view of an impeller geome-

try with overlapping blades illustrating a third embodi-

St ment of the invention, projected on a plane normal to the
" axis of rotation.

The representat:x.on of an 1mpe11er with overlapping
blades of the invention as shown in FIG. 1 of the draw-~
ings essentially serves the purpose of defining and ex-
plaining the terms herein used. Reference numeral 10
generally designates the impeller unit. On the circum-
ferential outer surface of a hub structure 13, a plural-
ity of identically configured blades are arranged in a
_rotat.mnally symmetrical manner, in which the nth blade
is assigned reference numeral 11 and the (n + 1)th blade
reference numeral 12. The surface of each blade is
bounded by a blade trailing edge 14, a blade leading edge
15, a blade outer edge 16 and a blade inner edge 17.
Each blade has a specified profile thickness 18 which may
be constant over the entire extent of the blade profile
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1nd1v1dua1 blades on the c1rcumferent1a1 outer surface of

the cylinder 24 is symmetrical about the axis of rotation

20, the blades being offset in relation to each other at

" an angle of rotation 25. The hub structure playing no
decisive role in the subsequent contemplations, it is not

. shown in these Figures for reasons of clarity. According
o to the principle of blade design set forth in DE-Al 34 28
650, all cross—-sections of the blade profile surface

normal to the axis of rotation 20 of the impeller form

straight lines whose extensions intersect the axis of ro-

tation 20. Consequently, it is in particular the blade

leading edges 151 and 152 and the blade trailing edges

141 and 142 of the nth and (n + 1)th blades 11, 12 that
intersect the axis of rotation 20. The opening angle 26
designates the angle formed by a projection of the blade

leading edge 151 and the blade trailing edge 141 of each

blade 11, 12 on a plane normal to the axis of rotation
20.

o=

F:Lnally ., the overlap area between adjacent blades
between the trailing edge 142 of the blade 12 and the
leading edge 151 of the blade 11 is assigned reference
numeral 27.
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' completlon of the. 1n]ect10n-mold1ng process
followed by hardening of the injection-molded part, the -

- slide is retracted from the position shown, being in par-

ticular withdrawn outwardly away from the hub structure

13. While FIG. 3 shows only one slide, it will be under-

stoocd that an injection mold will require the provision

of a number of slides corresponding to the number of

1mpe11er blades.

The 1n3ect10n—molded part is unmoldable if the
slides are readily removable from the molded part, that
is, if the path of the slide, as it withdraws, is not
"obstructed" by any parts of the impeller just produced
by injection molding. Looking first at the leading edges
151 and 152 of the blades 11, 12, the direction of with-
drawal of the slide with its geometry 23 is restricted by
the angle of rotation 25 formed by the blade leading
edges 151 and 152. If the slide is withdrawn in a direc-
tion lying outside the angular range defined by the blade
leading edges 151 and 152, this results necessarily in a
destruction of blade 11 or blade 12 in the area of the
blade leading edges 151 or 152, depending on the direc-
tion in which the withdrawal d:.rect:.on of the slide de-
parts from the predetermined angular range. Assuming a
direction of withdrawal 1lying within the range of the
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slides corresponding to the nunber of inpeller blades. The injection-nol ded
part is'unnDIdabIe if the slides are readily renovable fromthe nol ded
part *t hat is, if the path of the slide, as it w Epdeawslli §50019-2315
"obstruct ed" by any parts of the inpeller just produced by injecto5498

nol ding. Looking first at the | eading edg§es 151 and 152 of the bl ades 11,
12, the direction of mﬁth drawal = of the slide mﬁth its geonetry 23 is

restricted bg e a gI ot on 25 t he bl ade I d| n edges
151\and 152.¢ es F &CTe the
angul ar ran I a E uI ts

necessar|ly
bl ade | eadi ng the

wi t hdr awal - g ii{-ﬁﬁ efi

&
range. Assung Eg{-&ﬂa %%;ggwﬁﬁt@%g%ﬁg te afrsae sngf‘ﬁﬁm "

EP 90 911 7591:%83451: 18asaa &3@ édg £spect
of the ejec- 151V§n&aﬁ 50 1Yt e 1rf*lf 30 W rf@
| eadi ng edgegniééedsedbioni bfreﬁél Biah% bﬁahmiﬁ té&éb 4‘2’“%hﬁe%h‘éhbiawU| ar

range of themlnéﬁcbages 1. slTHe whylilasvehn E Sqnal uggoligi detier-t he
area of the minédibg tHeestidight4liak Bbe Akadepatralléeld. tbothe dledé the
angul ar rangbedding tddgeo1S1h candr asy i the aitrdigiet Willidsaselk ass a
determ ned byararléladso ! ¢ nhladgesleddimndedge 55pl ot t A8 iwdlbi e 30
vvm ch is thecpeanlyoseen,crtvet traidinghedgeadsi2 raf! ithge dolbpdd 422ariss t he -

a\_? i nner eugeidé. théhamyudnrrangge2bnapoidafilfed sbylethe- stmﬁ@my t he
strarght |inkigeés 36la gt 2302 t ast Hﬂ:dstacmsmnefg, evgt practicalldy the

strai ght |inet3bk nota feasihdei owitkdiawalk divechiondgwitbdrawaldsofi|| be o |

cl early seerthehslidg |im g8iregtiont pg M@mxgmulmesone maYyul ar
range 25 as ke f censidenad st Howawen, ntkigovighdrawzl dQiregbienpdesi bl e”
yet practicafpytstiin ﬂothlééeﬁltﬂfe ofi ther shideli dactthe, apeehdeBvdheof the
slide.in thebhﬁiecfzraﬁlémt ipdaa r3a4%]htd¢$¥?é°38¥>‘19n§2;$é Lign-melded B
However , thlEaEFthd the|; pERerohand, 4 ithe preferred; gargrtipd &% de in

the area of E dﬂ%;;%?‘r’i% st‘?l ﬁﬁl?ﬁe % ﬁ'ﬁ od@dSed _
part . on the o ¥ g Ay &gl % ¥ 4 atlniem sl
were in the MTeRtE tg# he Bl R ﬁgge?gtéig iy ngllqgr St in

a collision ss:.ble with th:l.s pr:.or J._mpeller design with- overlapping
blades in which sections of the blades 11, 12 normal to
the axis of rotation 20 form straight lines whose exten-
sions intersect the axis of rotation 20. In the angular
range between the straight line 301 and the blade trail-
ing edge 142, a collision area 31 exists in which the
slide is bound to colllde wu:h the blades.

In summary, it can be stated that the design prin-
ciple as disclosed in DE-Al 34 28 650 is not suited for
use on impellers with overlapping blades, since it pre-
sents the problem that the part is not unmoldable.

In FIG. 4, a geometry of an unmoldable impeller with
overlapping blades according to a first embodiment of the
present invention is shown diagrammatically. The mode of
representation and the assignment of reference numerals
largely corresponding to the representation of FIG. 2,
only departures therefrom and peculiarities will be dis-
cussed in more detail in the following. The profile sur-
faces are bounded by the profile 21 of the nth blade and

- the profile 22 of the (n + 1)th blade. The blade leading
edges 151 and 152 intersect each the axis of rotation and
a respective vanishing line 321 and 322 arranged in the
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ersect the as well
as the assoc:.ated vanishing lines 321 and 322. The blade.
trailing edges 141, 142 as well as the extensions of all-
other lines of 1ntersectlon of the blade profile surfaces
on a plane normal to the axis of rotation 20 intersect
only the vanishing lines 321, 322, excluding the axis of |
__ rotation 20. The trailing edge 142 of the (n + 1)th
S blade 12 is arranged in parallel with or at an acute
: angle 35 to the leading edge 151 of the nth blade 11, the
angle opening towards the blade inner edge 17. The
blades 11, 12 overlap each other completely over the ra-
dial extent of the blades in the areas of the blade lead-
ing edge 151 and the blade traJ.lJ.ng edge 142. The angles
determ:.ning the design with regard to the ejective capa-
bility of the molded part are the angle of rotation 25
through which the nth blade 11 has to be rotated about
the axis of rotation 20 in order to overlap with the (n +
1)th blade, and the opening angle 26. This opening angle
26 is formed on a plane normal to the axis of rotation 20
by projecting the leading edge 151 and the trailing edge
141 of each blade on this plane.



axis of 'gotation 20 of the inpeller 10. FIG 5 illustrates a prOJectlon of
the profile sur- faces of the blades 11, 12 of FIG 4 on a plane normal to
the axis of rotation 20. The nost inportant design features of the

i mpel Ier of FIG 4 will be summarized briefly witHEPe?@rehte7%0.9+23155.
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As will be clearly recognized, there is, in contrast

to the example of FIG. 3, no collision area 31, the blade

“trailing edge 142 extending rather into overlapping rela-
. tionship with the straight line 301. Thus it is possible -

W, in this embodiment to retract the slide from the impeller

in the direction of the straight line 301 without involv-

ing the risk of colliding with impeller parts. This

particular case in which: the blade trailing edge 142 ex-

tends in parallel with the straight line 301 occurs pre-

cisely if the angle of rotation 25 assumes values identi-

cal with the opening angle 26, that is, if the two angles

25, 26 are equal. Thus it shows that an impeller having

overlapping blades and providing the possibility of un-

molding can be put into practice if the aforementioned

design conditions are satisfied. :

A second embodiment of the present invention is
illustrated in FIG. 7. In contrast to the representation
of FIG. 5, the extension lines of the blade trailing
edges 141, 142 intersect the axis of rotation 20 and the
associated vanishing lines 321 and 322. The extensions



tionh of -slide withdrawal in the area of the blade |eading edge is limted
by the bl ade | eading edges 151 and 152. Considering solely the upper area
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It will be understood that the present invention is
not limited to the embodiments described but is intended
to cover any :unpeller design with overlapping blades in
which the condition that the opening angle 26 be smaller
than or equal to the angle of rotation 25 is satisfied.



peI[én“.projected on a plane normal to the axis of ro- tation 20. Neither
the extension of the bl ade | eading edge 151 nor the extension of the bl ade
trailing edge 141 intersects the axis of rotation, both extension lines in-
tersecting only with the vanishing line 321. Al so,gp hsp | i gp eslaezill. and
the"yrailing edge 142 of the nth blade 11 and, respectively, the gsuggl)th
bl ade 12 are at an acute angle 35 to eachzother which opens in the.direc-
tion of the blade inner edge 17 or the axis of rotation 20. Thi s
enbodi ment |ikew se satisfies the condition that the opening angle 26
for by t h@afiende Glad@shg edge 151 and the blade trailing edge 141 be
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' 2. The lmpeller as claimed in claJ.m 1,
characterized in that said leading edge (151) of saidq
blade (11) and said trailing edge (142) of said blade
(12) diverge at an acute angle (35) extending from said

" blade outer edge (16) to_the blade inner edge (17).

3. The J.mpeller - as - claimed in claim 1,
characterized in that said leading edge (151) of said -
‘blade (11) and said .trailing edge (142) of said blade

(12) are arranged in planes lying parallel to each othe:;.

4. The impeller as claimed in claim 3,

e i the extension of said leading edge

( 151) of said blade (11) intersects said axis of rotation

(20) as well as a vanishing line (321) extendlng parallel

to said axis of rotation (20), and the extension of said

tralllng edge (141) of said blade (11) mtersects only
said vanlshlng line (321).-

AR A .



* W|th egch of said vani shing lines bei ng arranged parallel to said axis of
rotation, yet spaced therefromby a specified amunt. 2. The' inpeller

as cl ai med in claim 1, characterized in that said | eadi ng edge
(151) of said blade (11) and.said trailing edge (1gg)o@fofpi fi5d|ede3{s?)

di vehge at an acute angle (35) extending fromsaid blade outer edgea946) to
the bl ade i nner edge (17). 3. The gl ker as cl ai med in. claim
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