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1. 
This invention relates to impellers for Cen 

trifugal apparatus and more particularly to in 
pellers of the radia flow type for imparting mo 
tion to fluids such as gases or liquids. 
Impellers of the general type to which this 

invention relates are usually provided with a con 
ventional volute casing such as shown in my CO 
pending application Serial No. 430,467 filed Feb 
ruary 11, 1942, and impart circumferential and 
radial motion to a fluid entering through One or 
more inlets in the casing near the axis of the 
inpeller, the fluid being discharged from a plus 
rality of tangential ports at the periphery of the 
impeller into the volute of the casing and thence 
through an outlet opening from the casing. 
An object of the present invention is to provide 

an improved impeller blade which accelerates 
the fluid entering the ports between the blades 
with a minimum of turbulence and loss of power. 
Another object of the invention is to provide 

an improved impeller for centrifugal apparatus 
in which the impeller is provided with a plurality 
of hollow blades with concave frontal Surfaces 
facing in the direction of impeller rotation and 
convex back surfaces having ports therebetween 
which enable acceleration of the fluid from Sub 
stantial rest with reference to arcuate motion 
around the axis of the impeller to high velocity 
without substantial turbulence. 
Another object of the invention is to provide 

an improved impeller for centrifugal apparatus 
in which the forward surfaces of hollow blades 
are concave and in which the rear surfaces of 
the blades adjacent the radially inner tips thereof 
make a relatively low angle with a line joining the 
radially inner tips of adjacent blades. 
A further object of the invention is to provide 

an improved impeller for fluid pumps or fans in 
which a plurality of axially extending blades in 
the form of portional crescents have concave 
forward surfaces facing in the direction of im 
peller rotation and rear surfaces backwardly in 
clined at an angle in consonance with the neutral 
path of the fluid which enters the ports of a rotat 
ing impeller to provide acceleration of the fluid 
through the ports between said blades with 
minimum turbulence. 
Other objects and advantages of the invention 

will appear in the following description of pre 
ferred embodiments thereof made in connec 
tion with the attached drawing in which 

Fig. 1 is a vertical section through an impeller 
in accordance with the present invention taken 
on the line - of Fig. 2; 

Fig. 2 is a side elevation of the device of Fig. 1 S5 rearward face adjacent the radially innertip. 
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with parts broken away to show the shape an 
arrangement of the impeller blades; 

Fig. 3 is a fragmentary detail view on an en 
larged Scale showing one type of blade; 

Fig. 4 is a view similar to Fig. 3 showing a 
modified type of blade; and 

Fig. 5 is another view similar to Fig. 3 showing 
a still further modified type of blade. 

Referring particularly to the drawings, the 
impeller of the present invention may comprise, 
any suitable type of supporting structure such 
as a backing ring secured to a hub rigidly 
mounted upon a shaft 2, which in turn is sup 
ported in suitable bearings (not shown) and ro 
tated from a source of power (also not shown). 
The impeller may also include a plurality of 
axially extending blades 4 secured to the back 
ing plate O in any suitable manner, such as by 
Welding, and the extending ends of the blades 
may be similarly secured to a shroud ring 5. The 
impeller is also preferably provided with an 
internal deflector 6 for directing the fluid radially 
outward into the ports 7 between the blades f4 
to Secure uniform non-turbulent flow through 

25 the interior of the impeller. The deflector 6 is 
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preferably a parabola or approximate parabola 
in axial section. While such deflector measur 
ably increases the efficiency of the device, in 
proved results over prior impellers may be ob 
tained even if the deflector 6 be omitted. 
A suitable blade in accordance with the pres 

ent invention is shown by Way of example in Fig. 
3. The blades 4 of this figure are shown as be 
ing substantially crescent shaped with the points 
of the crescent forming the radially inner and 
outer tips 8 and 9, respectively, of the blades. 
In general, the forward face of the blades will be 
Concave although the radially inner portion of 
the forward face may, in Some instances be sub 
stantially straight. It will be further observed 
that the portion 20 of the rearward face of the 
blades adjacent the radially inner tip makes a 
rather Small angle with a line joining the radi 
ally inner tip of such blade and the correspond 
ing tip of the next succeeding blade. In general, 
it has been found that this angle should not be 
greater than approximately 40' and that it may 
be as small as 10° or even smaller depending up 
on the speed at which the impeller is rotated and 
upon the required relationship between static 
pressure and velocity pressure, the smaller angles, 
being employed with higher speed impellers and ... 
when the static pressure has a high ratio to the 
velocity pressure. As shown, the portion of thi 
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preferably substantially straight although it may 
be slightly curved and in general the rearward 
surface of any one blade is preferably approxi 
mately parallel to the forward face of the next 
succeeding blade. However, with full crescent 
shaped blades a port which first converges and 
then diverges with respect to the direction of 
fluid flow, as shown in Fig. 3, may be advantage 
ously employed. With the structure shown, fluid 
entering the ports between the blades is uniform 
ly accelerated without turbulence and delivered 
at high velocity from the periphery of the im 
peller. 
The modified blades 22 shown in Fig. 4 are ill 

lutratively substantially similar to the radially 
inner halves of the blades of Fig. 3 and, to illus 
trate this, the remaining halves of certain of the 
crescents are dotted at 23 in Fig. 4. The blade 
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form shown in Fig. 4 may be considered to be a 
portional crescent without limitation to half a 
crescent illustratively shown thereby and the 
angle which the portion 24 of the rear surface of 
the blade adjacent the radially inner tip makes 
with a line joining the said radially inner tip with 
the corresponding tip of the next succeeding 
blade may be substantially that described with 
reference to Fig. 3. It will be noted that the for 
ward face of the blades of Fig. 4 are rearwardly 
inclined and in general Such rearward inclina 
tion is desirable, although the forward faces may 
have other inclinations as is old in the art. 
Again, the forward faces are preferably concave 
as shown in Fig. 4 but may be substantially 
Straight. In the impeller Of Fig. 4 fluid entering 
the ports between the blades is also uniformly 
accelerated and discharged outwardly from the 
ports of the impeller with relatively high velocity 
and with minimum turbulence in the impeller. 
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The blades of Fig. 5 are a still further modifi 
Cation of the blades of Figs. 3 and 4 in that a 
portion of a Crescent elongated in the circumfer 
ential direction of the impeller periphery is em 
ployed. Substantially the same considerations as 
to the inclination of the forward faces of the 
blades and also rearward faces of the blades as 
discussed with reference to Fig. 4 are also con 
templated for the blades of Fig. 5. Thus, the 
portions 27 of the rear surfaces of each of the 
blades adjacent the radially inner tip thereof 
make a relatively small angle with a line joining 
the radially inner tip of the blade and that of the 
next succeeding blade. It will be noted that the 
hollow blades have increased arcuate width in re 
lation to radial depth as compared with the pre 
ceding figures, although the arrangement shown 
is illustrative and the circumferential spacing or 
pitch, and also the radial depth can be different 
from that shown. Again the fluid is uniformly 
accelerated in its flow through the ports between 
the blades and discharged from the impeller with 
minimum turbulence in the impeller. 
From the above description it will be apparent 

that the blades of Figs. 4 and 5 may be termed 
portional Crescents derived from the full crescent 
blades of Fig. 3 and that in all of the blade con 
structions, described, the radially inner portion of 
the blade may be considered to be a portional 
crescent. While all of the blades illustrated are 
shown as having a hollow structure, it is appar 
ent that solid blades may be employed, particu 
larly for impellers having blades of small size. 
From Figs. 4 and 5 it will also be apparent that 
the blades are substantially portional crescents 
in cross section, formed by the truncation or 
omission of the radially. Outer portion of the 
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blades shown by Fig. 3. This truncation is im 
portant because it eliminates the necessity of the 
fluid moving forward along the removed blade 
portion, with an angular or rotational Velocity 
in excess of the impeller peripheral speed and 
thereby prevents instability of performance. 
One of the important factors providing the in 

creased efficiency of the present invention is the 
low back angle of the blades, i.e., the angle which 
the portion of the rearward surface of the blade 
adjacent the radially inner tip makes with a line 
joining the radially inner tip of said blade and 
the corresponding tip of the next succeeding 
blade. Also, the portions of the blade surfaces 
forming the port walls which face each other are 
preferably approximately parallel, i. e., the ports 
have Substantially uniform width measured nor 
mally of the rearward Surfaces of the blades. 
The arcuate pitch or distance from blade to blade 
shown in the drawings is merely illustrative and 
the spacing can be greater than that shown. 
However, the port width measured at approxi 
mately half the radial depth of the full crescent, 
that is, at the radially outer portion of the sub 
Stantially triangular blades of Figures 4 and 5, is 
preferably not greater than approximately half 
of the arcuate pitch or spacing of the blades, and 
this port width should not be less than approxi 
mately 35% or greater than approximately 65% 
of the distance between corresponding points on 
adjacent blades measured on the circle at half 
the radial depth of the full crescents. The ratio 
of blade radial depth to impeller diameter shown 
as indicated in Fig. 1 is merely by way of exam 
ple and this ratio can be varied within wide lim 
its. Also, the impeller can have a greater or less 
er axial length than that shown in Fig. 1 for the 
Same diameter. Preferably all of the corners or 
tips of the blades shown in Figs. 3, 4 and 5 are 
somewhat rounded although these corners may 
be relatively sharp without material decrease in 
efficiency of the device. In Figs. 4 and 5 the por 
tional crescent shaped blades are approximate 
ly triangular in outline, the radially inner tip of 
each blade constituting the apex and the radially 
outer side constituting the base. When consid 
ered desirable these outer sides can be omitted or 
eliminated, in order to reduce centrifugal stresses 
or for other reasons. 
While I have disclosed the preferred embodi 

ments of my invention it is understood that the 
details thereof may be varied with considerable 
amplitude without departing from the spirit, and 
eSSence of the invention. 

I claim: - 
1. In a rotary impeller for imparting motion to 

a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periph 
ery of said impeller, each of said blades being ap 
proximately in the form of a portional crescent 
and positioned to have the point of said portional 
Crescent form the radially inner tip of said blade 
and to provide a convex rearward surface with 
respect to the direction of rotation of said im 
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peller, the portion of said rearward surface ad 
jacent Said radially inner tip forming an angle 
With a line joining said radially inner tip with the 
corresponding tip of the next succeeding blade 
which is between approximately 10° and 40°. 

2. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of Said impeller, each of said blades being sub 
stantially in the form of approximately a half 
Crescent positioned to have the point of said half 
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crescent form the radially inner tip of said blade 
and to provide a convex rearward surface with 
respect to the direction of rotation of said im 
peller, the portion of said rearward surface ad 
jacent said radially inner tip forming an angle 
with a line joining said radially inner tip with 
the corresponding tip of the next succeeding 
blade which is between approximately 10' and 40°. 

3. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of said impeller, each of said blades having sub 
stantially the form of a portional crescent posi 
tioned to have the point of said portional cres 

6 
each of said blades being substantially convex 
with its radially inner portion inclined at an an 
gle not greater than approximately 40' to a line 
joining the radially inner tip of said blade to the 

O 

s cent form the radially inner tip of said blade and . 
to provide a convex rearward surface with re 
spect to the direction of rotation of said impeller, 
said rearward Surface being rearwardly inclined, 
the forward surface of said blades being so posi 
tioned that a line joining said radially inner tip 
and the radially Outer extremity of Said for Ward 
Surface is rear Wardly inclined and the rearward 
Surface of Said blades being positioned With re 
Spect to said forward Surface to provide ports 
between said blades which have substantially 
uniform width throughout each port when meas 
lured normally of said rearward surface. 

4. In a rotary impeller for imparting motion to 
a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
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of Said impeller, each of said blades being sub 
stantially in the form of a portional crescent po 
sitioned to have the point of said portional cres 
cent form the radially inner tip of said blade 
and provide a convex rearward surface with re 
Spect to the direction of rotation of said impeller, 
the portion of said rearward surface adjacent 
said radially inner tip forming an angle with a 
line joining said radially inner tip. With the cor 
responding tip of the next succeeding blade which 
is between approximately 10° and 40°, the for 
ward Surface of Said blades being so positioned 
that a line joining said radially inner tip and the 
radilly outer extremity of said surface is ap proximately radial. 

5. In a rotary impeller for imparting motion 
to a fluid, a plurality of hollow blades each hav 
ing the form of a portional crescent truncated by 
the omission of the radially outer tip, said por 
tional Crescent being elongated in the circumfer 
ential direction of the impeller periphery and 
disposed about the circumference of said in 
peller, the frontal face of each of said blades with 
reference to the direction of impeller rotation 
being approximately radial and the back face of 
each of Said blades being substantially convex 
With its radially inner portion inclined at an an 
gle not greater than approximately 40° to a line 
joining the radially inner tip of said blade to the 
radially inner tip of the next following blade, the 
circumferential width of the port between suc 
cessive blades measured at half the radial depth 
of the full crescent being not greater than ap 
proximately half of the arcuate pitch of the blades. 

6. In a rotary impeller for imparting motion 
to a fluid, a plurality of hollow blades each hav 
ing in cross section the shape of a truncated cres 
cent and disposed about the circumference of said 
impeller, the frontal face of each of said blades 
being concave and inclined with reference to the 
direction of impeller rotation in accordance with 
the required relationship between total pressure 
and the peripheral velocity and the back face of 

40 

60 

65 

70 

75 

radially inner tip of the next following blade, the 
circumferential width of the port between suc 
cessive blades measured at half the radial depth 
of the full crescent being not greater than ap 
proximately half of the arcuate pitch of the blades. 

7. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of Said impeller, each of said blades being sub 
stantially in the form of a portional crescent po 
sitioned to have the point of said portional cres 
cent form the radially inner tip of said blade and 
to provide a convex rearward surface with re 
Spect to the direction of rotation of said impeller, 
the portion of said rearward surface adjacent 
said radially inner tip forming an angle with a 
line joining said radially inner tip with the cor 
responding tip of the next succeeding blade 
which is between approximately 10° and 40°, and 
the forward and rear Surfaces of Said blades be 
ing positioned to provide a port therebetween 
which has substantially uniform width through 
out said port when measured normally of the said 
rearward Surface. 

8. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of Said impeller, each of said blades being sub 
stantially triangular in cross section with one 
corner directed inwardly to form a radially inner 
tip of said blade, each of said blades having a 
Concave forward Surface and a convex rearward 
Surface with respect to the direction of rotation 
of Said impeller, said forward and rearward sur 
faces being positioned to provide ports between 
the blades having substantially uniform width 
throughout said ports when measured normally 
of said rearward surface. 

9. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of said impeller, each of said blades having sub 
stantially the form of a portional crescent posi 
tioned to have the point of said portional cres 
cent form the radially inner tip of said blade and 
to provide a convex rearward surface with re 
Spect to the direction of rotation of said impeller, 
the portion of said rearward surface adjacent 
said radially inner tip forming an angle with a 
line joining said radially inner tip with the cor 
responding tip of the next succeeding blade 
which is not greater than approximately 40, the 
circumferential width of the port between suc 
cessive blades measured at approximately half 
the radial depth of the full crescent being not 
greater than approximately half of the arcuate 
pitch Of the blades. 

10. In a rotary impeller for imparting motion 
to a fluid, a plurality of axially extending blades 
circumferentially spaced adjacent the periphery 
of Said impeller, each of said blades having the 
shape of a fractional crescent and being posi 
tioned to have the point of said fractional cres 
cent form the radially, inner tip thereof and to 
provide a convex rearward surface with respect 
to the direction of rotation of said impeller, said 
rearward surface being inclined backwardly and 
the forward and rearward surface of adjacent 
blades being positioned to provide a port there 
between which has substantially uniform width 
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throughout said port when measured normally than approximately half of the arcuate pitch of 
of said rearward surface, the circumferential the blades. 
width of the port between successive blades BOMAS CHESTER. 
measured at half the radial depth of the full crescent being not greater approximately s REFERENCES CITED 
half of the arcuate pitch of the blades. 11. In a rotary impeller for imparting motion a's liferences are of record in the 
to a fluid, a plurality of axially extending blades circumferentially spaced adjacent the periphery UNITED STATES PATENTS 
of said impeller, each of said blades being sub- 10 Number Name Date 
stantially triangular in cross section with one 863,428 Nikonow ----------- Aug. 13, 1907 
corner directed inwardly to form a radially in- 948,213 Ferranti ------------ Feb. 1, 1910 
ner tip of said blade, each of said blades having 953,241 Thomason --------- Mar. 29, 1910 
a concave forward surface and a convex rear- 1,075,120 Rogers -------------- Oct. 7, 1913 
ward surface with respect to the direction of ro- is 1,158,978 Buchi -------------- Nov. 2, 1915 
tation of said impeller, said forward and rear- 1,434,672 Bentley ------------- Nov. 7, 1922 
ward surfaces being positioned to provide ports 2,040,640 Bedford et al.------- May 12, 1936 
between the blades having substantially uniform 2,047,555 Gardner ----------- July 14, 1936 
width throughout Said ports when measured nort- 2,083,996 John --------- ----- June 15, 1937 
mally of said rearward surface, the portion of 20 2.268,929 Dupont ------------- Jan. 6, 1942 
said rearward surface adjacent said radially in- 2,293,768 Schaefer ----------- Aug. 25, 1942 
ner tip forming an angle with a line joining said radially inner tip with the corresponding tip of FOREIGN PATENTS 
the next succeeding blade which is between ap- Number Country Date 
proximately 10 and 40 degrees, said ports having 25 3,253 British ------------- Aug. 17, 1878 
a circumferential width measured at the radially 126,077 French ------------- Aug. 12, 1878 
Outer portion of said blades which is not greater 
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