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This invention relates to spin neutralizing 
Vanes and relates more particularly to Vanes 
for neutralizing the spin velocity in the air from 
the wheel of a propeller fan. 

It is known that the Spin velocity is a necessary 
consequence of the operation of the wheel of 
a propeller fan and it has been proposed to 
neutralize the spin Velocity by guide vanes lo 
cated up-stream as Well as down-stream of the 
propeller. The up-stream vanes have been used 
to produce a spin opposing that from the pro 
peller and the prior down-stream or diffusion 
vaines have acted to neutralize the Spin from 
the propeller. Both types of Vanes however 
have been so designed that they created turbu 
lence in the air flowing past them and caused 
unnecessary power losses in addition to adding 
undesired noises. This has resulted from a 
lack of understanding of the nature of the air 
flow. In the past as taught in the texts and 
is practiced by designers, the flow past the Vanes, 
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and the flow through the propeller, has been 
considered as if the Vane and propeller elements 
were air foils placed in a wind tunnel. The 
motion of the air particles has been considered 
as taking place on the surfaces of cylinders 
coaxial with the propeller. Then when these 
cylindrical surfaces Were developed, a series of 
profiles were obtained representing the Sections 
of the guide vanes. The flow in any cylindrical 
surface was treated as flow through a corre 
sponding infinite plane air foil series or grid, 
and the air foil theory was applied to the guide 
wanes. This has resulted in the prior vanes 
having the same or unmodified camber in all 
Sections. 
This invention provides Spin neutralizing vanes 

which vary in camber from minimum in the 
outermost sections to maximum in the inner 
most sections and which have cambers greater 
than the standard sections of the originally se 
lected air foil. This resultS from an apprecia 
tion of the fact that in order properly to neu 
tralize the spin at different radii, the air particles 
must follow curved paths which change in curva 
ture with the radii of the Vanes as a result of 
the different changes in direction of the enter 
ing and leaving air velocities at different radii. 
An object of the invention is to neutralize 

the spin velocity in a fluid with minimum energy 
loSS. 
The invention will now be described with ref 

erence to the drawings, of which: 
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ler fan with diffusion vanes embodying this in 
Vention; 

Fig. 2 is a developed pattern of one of the 
Vanes of Fig. 1; 

Fig. 3A is a section view taken along the lines 
A-A of Fig. 2; 

Fig. 3B is a sectional view taken along the 
lines B-B Of Fig. 2; 

Fig. 3C is a sectional view taken along the 
lines C-C of Fig. 2; 

Fig. 3D is a sectional view taken along the 
lines D-D of Fig. 2; 

Fig. 3E is a sectional view taken along the 
lines E-E of Fig. 2; 

Fig. 4 is a vector diagram illustrating how the 
cambers of each diffusion Vane are selected for 
different radii. - 

Referring now to Fig. 1, the air guiding casing 
6 encloses the strean-lined Stationary nose 
Which is supported from the casing 6 by the 
arms 8; the hub 9 on which are mounted the 
propeller blades , and the inner portion of 
the diffuser on which are mounted the dif 
fusion vanes 2. 
The arms 8 may be four, equally spaced, 

stream-lined arms, or if desired they could be 
shaped to form guide vanes for producing a 
spin opposing that produced by the blades it. 
The propeller blades to may be seven equally 

spaced blades and may be designed as described 
in my copending application, Serial No. 357,767, 
filed Sept. 21, 1940. 
The diffusion vanes may be eleven, equally 

spaced wanes and are designed as Will now be 
described With reference to Fig. 4. In Fig. 4: 

w (omega) =the angular velocity of the blade 
elementS. 
r=the distance of the blade elements from the 

axis of the fan. 
cor=the rotative linear Speed of the blade elle 

mentS. 
Resthe relative air velocity at the entrance to 

the blade elements. 
Roo-the mean relative air velocity through the 

blade elements. 
Rl=the relative air velocity at the delivery 

edges of the blade elements. 
Wac-the axial velocity of the air entering th 

fan blades. - 
Wn=the rotative Speed of the air at the en 

trance of the diffusion Vanes, 
W=the velocity of the air relative the earth, 

leaving the fan blades and entering the diffusion 
Fig. 1 is a transverse section through a propel- 55 vanes. 
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Woo- the mean relative air velocity through 

the Wane elements. 
Wacl-the axial velocity of the air leaving the 

fan blades and entering the diffusion vanes. 
C-is-the curved center line as Selected for lay 

ing out the air foil profile for the Vanes. 
In a constant area, diffusion vane passage as 

illustrated by Fig. 4, the axial velocity of the 
air leaving the diffusion vanes is equal to the 
axial velocity of the air entering the diffusion 
vanes but in fans having varying area, diffusion 
vane passages they would not be equal. 
The vectors dør, Wim, Vac and Vacl are known 

from design data of the performance of the 
propeller blade elements and are plotted in a 
vector diagram and from the vectors-the-value 
of the vector W is determined. When the Vector 
parallelograms are completed for example, as 
illustrated by Fig. 4, the heavy dashed curved 
line c-l is plotted tangent to the lower or inner 
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end of the vector V and to the upper or outer 
end of the vector which is equal in value and is . 
opposite to vector Wacl in the parallelogram in 
which V and Wacl form adjacent. Sides. This 
curved line is the effective path followed by the 
air particles flowing through the diffusion vane 
at a particular section. 
By way of example, in a propeller fan em 

bodying this invention, and having a 38%' wheel 
operated at 3820 R. P. M., Vac=107 ft. per sec.; ; 
Vacl=160 ft. per sec.; dr=648 ft. per sec.; and Wm. 
79.4 ft. per sec. From this data vector paral 
lelograms were laid out and the curvature of the 
center line c-l was determined. 
The profile of the desired air foil and its angle 

of attack is selected from published data. Such 
as given in the publications of the National. Ad 
visory Committee for Aeronautics but instead of 
adopting this air foil without modification and 
swinging it through the desired angle of attack 
as has been done in the past, the curved center 
line c-l is substituted for the chord or, base line 
of the selected air foil and the air foil is thereby 
given the increased camber required by the Sub 
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stituted curved flow line. The air foil is then 
rotated as usual through the Selected angle of 
attack, 
The flow line c-l increases its curvature in 

sectional elements as their distance from the 
axis of the fan decreases with the result that 
the camber of the elements increases from mini 
mum at the Outermost edge to maximum in the 
Section nearest the fan axis. This is illustrated 
by Figs. 2 and 3 where the Outer Section A-A is 
shown to have less camber than the inner Sec 
tion E-E. 
With diffusion Vanes so designed, the spin ve 

locity of the air is neutralized with less noise and 
less power loss than with the prior vanes having 
uniform camber. 
While the invention has been described with 

reference to diffusion vanes which are located 
downstream of the propeller wheel, it is applicable 
to guide vanes located upstream of the propeller 
wheel for producing a spin velocity to neutralize 
that of the propeller wheel. Both upstream and 
downstream vanes may be used. 
What is claimed is: 
In a propeller fan, Spin neutralizing vanes ad 

jacent the propeller blades, the elements of said 
vanes having air foil sections with curved center 
lines, the radii of curvature of said center lines 
increasing as their distance from the axis of the 
fan increases, comformable with the paths fol 
lowed by the air particles past said elements and 
being formed tangent at the entrance edges of 
the vane elements, to the velocity vectors V and 
being formed tangent at the delivery edges of 
the vane elements, to the vectors equal to, and 
forming the opposite vectors to the vectors Wal 
in the parallelograms of vectors including W and 
Wacl as adjacent Sides, where 
=the velocity of the air relative the earth, enter. 
ing the vane elements, and 

Wacl the axial velocity of the air leaving the vane 
elements. 

HAROLD F. HAGEN. 


