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57) ABSTRACT 
Axial flow apparatus for transferring substantial en 
ergy to a fluid utilizing a stage having two sets of plu 
ralities of blades secured to and extending radially 
from a rotor. The first set of energy adding blades, 
called the main blades, incorporates an airfoil section 
that is warped or twisted from its root at the rotor to 
its tip adjacent the housing. The airfoil shape and 
other design characteristics of the main blades may be 
conventional and of the type commonly found in axial 
flow pumps, blowers, and compressors. A second plu 
rality of energy adding blades, which may be referred 
to as auxiliary blades, is provided and is positioned 
downstream from the main blades without intervening 
stationary vanes and may be located either directly be 
hind corresponding main blades or may be circumfer 
entially displaced forward or backward in the direc 
tion of blade travel. The leading edges of the auxiliary 
blades are angled with respect to, or are not parallel, 
to the trailing edges of the main blades. The blades are 
warped or twisted from a root cross section that exhib 
its a chord forming an angle of greater than 90° with 
the plane of rotation of the blades. The trailing edge 
of the auxiliary blades at the respective blade roots is 
thus placed away from the main blades and points into 
the direction of rotation. 

3 Claims, 6 Drawing Figures 
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HIGH ENERGY AXIAL FLOW TRANSFER STAGE 

This application is a continuation-in-part of my co 
pending application Ser. No. 183,413, filed Sept. 24, 
1971, entitled "High Energy Axial Flow Transfer 
Stage' now abandoned. 
The present invention pertains to axial flow appara 

tus, and more particularly, to apparatus for imparting 
high energy to a fluid. 

In axial flow compressors, pumps, and blowers, en 
ergy is imparted to the fluid through the relative motion 
of the fluid and the blades mounted on and rotating 
with a rotor. Energy transfer can be controlled therefor 
by both blade design as well as blade velocity. To im 
part substantial energy to a fluid, different blade de 
signs have been utilized and blade classifications, such 
as reaction blades or impulse blades, have resulted. The 
advantages and limitations of these two types of blade 
designs are discussed in my U.S. Pat. No. 3,291,381, 
wherein I teach the design of a compact impeller-blade 
giving impulse-type energy transfer at the hub and 
reaction-type energy transfer in the outer parts of the 
blades. 
The impeller design described by me in the above pa 

tent permits the apparatus to impart a greater energy 
to the fluid than previously possible; however, the utili 
zation of an impeller or blade having an impulse config 
uration of crescent shape at the hub and a reaction con 
figuration at the tip, while effective, presents other 
problems. Specifically, the crescent shape near the 
hub, and the transition thereof to the outer sections, 
brings about air pockets which result in undesirable 
flow patterns under certain operating conditions; fur 
ther, the manufacturing technique may be quite in 
volved. 

It is therefore an object of the present invention to 
provide an axial flow stage for imparting high energy to 
a fluid. 

It is another object of the present invention to pro 
vide an axial flow stage that, while capable of high en 
ergy transfer to a fluid, nevertheless incorporates rela 
tively simple blade design. 

It is a further object of the present invention to pro 
vide an axial flow stage having greater flexibility in its 
design for the purpose of obtaining a wider range of ef 
ficient performance while maintaining higher energy 
transfer. 

It is still a further object of the present invention to 
provide, at any given radial distance from the rotor 
axis, blade sections of the main and auxiliary blades 
that cooperate while providing freedom in the circum 
ferential and axial spacing between the first and second 
plurality of blades. 

It is yet a further object of the present invention to 
provide an axial flow apparatus capable of high energy 
transfer utilizing two sets of blades, the leading edges 
of each set of blades being axially displaced from the 
leading edges of the outer set while the trailing edges 
of the first set are non-parallel to the leading edges of 
the second set, the second set of which operate as auxil 
iary blades and rotate in unison with the first set of 
blades. 

It is still another object of the present invention to 
provide an axial flow stage capable of high energy 
transfer to a fluid wherein auxiliary blades are utilized 
to increase the energy transfer of the stage without the 
use of high and inefficient blade speeds. 

10 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
These and other objects of the present invention will 

become apparent to those skilled in the art as the de 
scription thereof proceeds. 

Briefly, in accordance with the embodiment chosen 
for illustration, an axial flow stage is provided incorpo 
rating a first set of blades, which I shall call the main 
blades, that are mounted upon a rotor or hub and ex 
tend radially therefrom to a housing forming an axial 
passageway between the rotor and housing. The main 
blades may be formed of conventional airfoil shape of 
the type found in compressors, pumps, and blowers and 
are warped or twisted from the root to the tip. A set of 
auxiliary blades is positioned downstream from the 
main blades without intervening stationary vanes; each 
auxiliary blade is also of conventional or foil-like cross 
section. 
The auxiliary blades at the hub or root are positioned 

relative to the plane of rotation of the blades such that 
a line extending from the blade tip to the trailing edge 
forms an angle of greater than 90 with the plane; fur 
ther, the auxiliary blades always exhibit a trailing edge 
at the root that points into the direction of rotation. 
The present invention may more readily be described 

by reference to the accompanying drawings, in which: 
FIG. is a front elevational view of an axial flow 

stage constructed in accordance with the teachings of 
the present invention. 
FIG. 2 is a cross-sectional view of the apparatus of 

F.G. 1. 
FIG. 3 shows successive cross sections of a main 

blade of the apparatus of FIGS. 1 and 2. 
FIG. 4 shows successive cross sections of an auxiliary 

blade of the apparatus of FIGS. 1 and 2. 
FIG. 5 is a top view of a main blade and a auxiliary 

blade showing the non-parallel relationship of the trail 
ing edge of the former relative to the leading edge o 
the latter. - 

FIG. 6 is a perspective view of the apparatus of the 
present invention, without the housing, showing the re 
lationship between the main and auxiliary blades. 
Referring now to the drawings, the apparatus of the 

present invention contemplates the utilization of a 
housing 10 in which a rotor 11 is mounted; the rotor 
and housing are coaxial to thereby define an axial flow 
passageway 14 therebetween. The rotor 11 supports a 
first plurality of blades 15 which may be referred to as 
main blades. Each of these extend radially from its root 
section 17 at the rotor 11 to a point at its tip 18 adja 
cent the inner wall 19 of the housing 10. The blades 15 
are circumferentially spaced about the rotor and incor 
porate a conventional airfoil-like section to be de 
scribed more fully hereinafter. 

Axially displaced from the main blades 15 is a second 
plurality of blades 20 which may be referred to as auxil 
iary blades. There are no stationary vanes between the 
main and auxiliary blades. The blades 20 also extend 
from their respective root sections 21 at the rotor 11 to 
a tip portion 22 which may or may not be adjacent the 
inner wall 19 of the housing 10. In the embodiment 
chosen for illustration, both the main blades and the 
auxiliary blades are fixed in their respective positions 
relative to each other as shown; it will be apparent to 
those skilled in the art that the respective blades may 
be made adjustable in their circumferential, axial, and 
pitch positions. The auxiliary blades may be circumfer 
entially displaced relative to the main blades and the 
leading edges 23 of the auxiliary blades 20 may be posi 



3 
tioned ahead of the trailing edges 24 of the main blades 
15; however, it may be seen that trailing edges 24 are 
angled with respect to, or are not parallel to, the lead 
ing edges 23. The non-parallel relationship of the lead 
ing edges 23 and trailing edges 24 may be stated differ 
ently; for example, the leading edges 23 of the auxiliary 
blades are displaced relative to the trailing edges 24 of 
the main blades, in the circumferential direction, in 
such a way that the distance between the two edges 
changes as the blades extend radially. The rotor may be 
constructed to permit axial and circumferential dis 
placement of the main and auxiliary blades relative to 
each other. 
With specific reference to FIG. 3, the successive 

cross sections of the main blades 15 is shown. The di 
rection of blade travel is indicated by the arrow 25 
while the cross section of the blade 15 at the hub 11 is 
indicated at 27. The blade is warped as it extends radi 
ally from the hub as may be seen by the cross section 
29, at the approximate midpoint and the cross section 
31 at the blade tip. Lines 2.7a, 29a, and 31a have been 
drawn from the leading to the trailing edges of the cross 
sections 27, 29 and 31 respectively. A line 30 is pro 
vided to represent an imaginary plane of rotation of the 
blade 15; the line 30 has been displaced to the right in 
FIG. 3 to facilitate the following description of the an 
gular relationships involved. It may be seen that the 
cross section 27 has a line 27a extending from the tip 
to the trailing edge that forms an angle 6 with the imagi 
nary plane of rotation 30. As the blade 15 extends from 
the root to the area of the cross section 29, the line ex 
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tending from the tip to the trailing edge thereof 29a 
forms an angle 8' with the plane of rotation 30. The tip 
portion of the blade 31 and the line extending from the 
leading to the trailing edges thereof 31 a form an angle 
8' with the plane of rotation 30. It is apparent that the 
twisting or warping of the blade 15 causes the angle 6 
to decrease as the blade extends from the root to the 
tip thereof. 
With reference to FIG. 4, the successive cross sec 

tions of the auxiliary blade 20 are shown. The auxiliary 
blade 20 moves in the same direction as the main 

35 

40 

blades and incorporates an airfoil-like cross section 
throughout its length. The cross section 32 adjacent the 
hub 11 includes a trailing edge that points into the di 
rection of travel of the blade. The blade 20 is warped 
as it extends radially outwardly from the hub as evi 
denced by the cross section 34 at the approximate mid 
point thereof and the cross section 36 at the blade tip. 
As mentioned previously, the auxiliary blade 20 may be 
foreshortened and need not extend to a position adja 
cent the inner wall 19 of the casing 10. Lines 32a, 34a, 
and 36a have been drawn from the leading to the trail 
ing edges of the cross sections 32, 34, and 36 respec 
tively. A line 40 is provided to represent an imaginary 
plane of rotation of the auxiliary blade 20; the line 40, 
similarly to line 30 in the previous figure, has been dis 
placed to the right to facilitate the description of the 
angular relationship of the blade cross sections. The 
root cross section 32 includes a trailing edge that points 
substantially into the direction of travel of the blade as 
indicated by the arrow 25. The line 32a drawn from the 
leading to the trailing edges of the cross section 32 
forms an angle d with the imaginary plane 40. It may 
be noted that the angle d is greater than 90°. The line 
34a forms an angle d' with the plane 40 while the line 
36a forms an angle d' with the plane 40. It may be 
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seen that the angle (b decreases as the blade is twisted 
or warped as it extends from its root to its tip. 

Referring now specifically to FIGS. 4 and 5, the rela 
tionship of the main blades 15 and auxiliary blades 20 
is shown with greater clarity. In this embodiment 
chosen for illustration, it may be seen that the auxiliary 
blades 20 have been shifted circumferentially with re 
spect to the main blades 15; further, the non-parallel 
relationship of the trailing edges 24 of the main blades 
15 and the leading edges 23 of the auxiliary blades 20 
is specifically shown in FIG. 5. As mentioned previ 
ously, the main blades 15 are of conventional design 
and are generally of the reaction type blades commonly 
found in axial flow pumps, blowers and compressors. 
The auxiliary blades 20 each include conventional air 
foil sections but are warped with the cross section of 
the blade adjacent the rotor 11, or root section, having 
the trailing edge extend into the direction of rotation of 
the rotor. The auxiliary blades are designed to yield im 
pulse-type energy transfer to the fluid flowing through 
the stage. The auxiliary blades may be foreshortened 
and extend radially from the rotor 11 for a length short 
of the distance from the rotor to the housing. In opera 
tion, the main and auxiliary blades are fixed on the 
rotor 11 with respect to each other and therefore rotate 
in unison without relative movement; further, no sta 
tionary vanes are positioned between the main and aux 
iliary blades, although such stationary vanes may be 
placed upstream or downstream of the stage. 
The sections of the auxiliary blades in any one partic 

ular radial distance from the rotor axis are cooperative 
with the corresponding sections of the main blades, but 
the blades as a whole are independently shaped with 
the leading edges of the auxiliary blades non-parallel 
with the trailing edges of the main blades; that is, the 
distance between the leading and trailing edges of the 
auxiliary and main blades respectively, measured in a 
circumferential direction, varies as the blades extend 
radially from the hub. 

It will be obvious to those skilled in the art that sta 
tionary vanes will be placed in the axial flow passage 
way 14, the stationary vanes may be placed either 
ahead of or downstream of the main and auxiliary 
blades or perhaps may be placed in both positions but 
are not placed between the main and auxiliary blades. 
Energy transfer is essentially proportional to the veloc 
ity component in the peripheral direction which is cre 
ated by the action of an impeller of the fluid machine. 
This energy transfer relationship exists notwithstanding 
the utilization of stationary vanes in the apparatus. 
The utilization of main and auxiliary blades as de 

scribed permits great values of such peripheral velocity 
components to be created; the energy transfer substan 
tially exceeds that transfer available in the present de 
vices of the same dimensions and same rotor rotational 
velocities. The present design also permits great flexi 
bility in the choice of the distribution of rotary compo 
nents over the radial distance between the rotor and 
the housing. 
The cross sections of all blades referred to herein are 

essentially airfoil shaped. Generally, the term airfoil re 
fers to cross sections widely used in aeronautics as well 
as in flow machinery design. These cross sections form 
elongated shapes with a thickness small by comparison 
to their length and with generally round leading edges 
with relatively sharp trailing edges. The thickness of the 
cross section gradually increases from the leading edge 
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to a point somewhere between one-fourth and one-half 
of the length from the leading edge and then gradually 
diminishes toward the trailing edge. The configuration 
of the surrounding environment as well as a variety of 
conditions of the fluid flow will dictate the final shape 
of the airfoil. In certain applications, it may be possible 
to substitute planar sheets of construction material for 
the airfoils of greater thickness, for the sake of con 
struction economy, in which case the warped sheets 
would have the shape of the center sections of corre 
sponding airfoils. Therefore, as referred to herein, the 
term "airfoil' means the commonly accepted configu 
ration of an airfoil as well as the simulated or approxi 
mated airfoil discussed above. 

| claim: 
1. In a fluid flow apparatus including a rotor, the axis 

of which extends along the direction of fluid flow, and 
having a housing surrounding said rotor, said housing 
extending along said rotor and radially spaced there 
from to define a fluid passageway between said rotor 
and housing a fluid energy boosting stage comprising: 
a first plurality of circumferentially spaced energy 
adding blades secured to said rotor for movement 
in a plane of rotation, each having a leading edge 
and a trailing edge and each extending radially 
therefrom to adjacent said housing; 
each of said first plurality of blades having substan 

tially airfoil sections with the section at the blade 
root positioned relative to the plane of rotation 
of said blades such that a line extending from the 
leading to the trailing edge forms an angle with 
the plane of rotation that becomes progressively 

: less at cross sections further from the blade root; 
a second plurality of circumferentially spaced energy 
adding blades secured to said rotor for movement 
in a plane of rotation, each having a leading edge 
and a trailing edge and each extending radially 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
therefrom for rotation with said first plurality of 
blades said second plurality of blades being sub 
stantially circumferentially displaced from said first 
plurality of blades; 
each of said second plurality of blades shaped and 
positioned independently from said first plurality 
of blades and having substantially airfoil sections, 
said sections at any given radial distance from the 
rotor axis cooperating with corresponding sec 
tions of the first plurality of blades to deflect the 
fluid flowing through the apparatus, the section 
of each of said second plurality of blades at the 
blade root adjacent said rotor positioned relative 
to the plane of rotation of said blades such that 
a cord line extending from the leading to the 
trailing edge forms an angle of greater than 90° 
with the plane, with the trailing edge pointing to 
ward the direction of rotation of the blade, said 
angle becoming progressively less at sections fur 
ther from the blade root. 

the trailing edges of said first plurality of blades being 
angled with respect to the leading edges of said sec 
ond plurality of blades. 

2. The combination set forth in claim 1, wherein said 
first and second pluralities of circumferentially spaced 
blades are positioned with the leading edges of said first 
plurality axially displaced from the leading edges of 
said second plurality and with said first and second plu 
ralities of blades circumferentially displaced relative to 
each other. 

3. The combination set forth in claim 1, wherein each 
of said first plurality of blades extends radially from 
said rotor to adjacent said housing and wherein each of 
said second plurality of blades extends radially from 
said rotor and is shorter from its root to its tip than each 
of said first plurality of blades. 

sk :k :k xk sk 


