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2 Claims. 
The present invention relates to centrifugal 

fans and more particularly to fans having pro 
vision for control of output by the use of inlet 
vanes of the type disclosed in my prior Patent 
No. 1,846,863, dated February 23, 1932, and my 
co-pending application Serial No. 403,753, filed 
October 31, 1929. This application is a division 
of said application Serial No. 403,753, now Pat 
ent No. 1,989,413. 

In control apparatus of this general type, it is 
found that the stream of air moving past the 
Vanes gives rise to forces and moments which 
tend to move the vanes toward closed position. 
As a consequence, excessive amounts of power 
are required to move the vanes from one position 
to another. 
The object of the present invention is to pro 

vide control vanes which will require a mini 
mum of power for their operation. 
With this object in view, the present invention 

comprises a centrifugal fan with control vanes 
in the inlet, the vanes being asymmetrically 
pivoted with a preponderance of area on the 
downstream sides of their axes. It has been dis 
covered that, with such an arrangement, it is 
possible to balance the forces so that a com 
paratively small amount of power is required for 
adjusting the vanes to any desired position. 

In the accompanying drawing, Fig. 1 is a sec 
tional elevation of so much of a fan of forced 
draft type as is necessary to illustrate the appli 
cation of the present invention; Fig. 2 is a dia 
grammatic developed plan view of a portion of 
the rotor and vanes; and Fig. 3 is a diagram 
matic view illustrating the theory of the present 
invention. 
The fan illustrated in the drawing comprises 

a casing 4 and a rotor or wheel 6 mounted on a 
shaft 8 which is journaled in suitable bearings 
f). The shaft is driven by a constant speed 
motor such as a squirrel cage induction motor, 
preferably directly connected to the end of the 
shaft. On each side of the casing is an inlet 
Cone or eye f2 through which the air passes 
from the atmosphere into the rotor 6, only one 
of the inlet cones being shown in Fig. 1. The 
casing is provided with any usual or preferred 
Outlet connection. 
In order to control the output of the fan, each 

inlet cone is provided with a plurality of over 
lapping vanes 6. As shown in Fig. 2, each 
vane is in the generai shape of a sector and is 
provided with pivot pins 8 and 20 at opposite 
ends. The Outer pin 8 is journaled in the inlet 

(C. 230-114) 
cone 2 and the inner pin 20 is journaled in a 
cone-shaped hub 22 secured to the bearing. 
The vanes in each set are adapted to be simul 

taneously adjusted to any desired inclination 
from fully closed to wide open pusition. To this 5 
end, each pin 8 is journaled in a yoke 24 se 
cured to the casing and each pin carries a bevel 
gear 26, which meshes with a bevel gear 28 
mounted in a horizontal shaft 30 also journaled 
in the yoke. Secured to each gear 28 is a plate lo 
32, the several plates being suitably connected . 
by links to permit simultaneous operation of the 
Wales. 
As shown in Figs. and 2, the portion of each 

vane on the inner or downstream side of its axis, 5 
that is, the side nearer the fan, is of greater area 
than the outer or upstream portion. The pur 
pose of thus unbalancing the areas on opposite 
sides of the axis is to permit opening and closing 
of the vanes with a minimum of effort. If the 20 
vanes were symmetrically pivoted, there would 
be a considerable air force tending to keep the 
vanes closed. This is roughly illustrated by the 
diagram of Fig. 3 showing the streamlines of 
flow around a single vane inclined to the direc- 25 
tion of flow. As in the usual picture of aero 
dynamic flow, there is a streamline A which ter 
minates on the Surface of the vane at zero 
velocity. The streamlines B above the line A 
curl around the front edge of the vane in the 30 
general manner indicated. The streamlines C 
below the line A curve Smoothly toward and 
along the rear edge of the vane, the velocity 
increasing as indicated by the closer spacing of 
the lines as the rear edge is approached. The 35 
streamlines are such as to give a rather complex 
pressure distribution over the vane. On the 
back of the vane, the pressure is nearly constant 
but On the front, the pressure is greatest at the 
point where the streamline A impinges on the 40 
vane and tapers off on both sides of the line A. 
Near the rear edge, where the velocity is high, 
there is actually a negative pressure. The un 
even distribution of pressure is such that if the 
vane is pivoted at its middle O, there are strong 45 
unbalanced moments tending to move the vane 
to a position perpendicular to the air stream. 
Although the diagram of Fig. 3 is for a single 

vane and although the air flow may be con 
siderably modified by the presence of a series of 50 
vanes, nevertheless the same general principles 
apply. If the vanes are pivoted on the median 
line, they are always subjected to strong closing 
forces. 
According to the present invention, the axis 55 
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2 
of pivoting is placed at a point upstream from 
the middle O, indicated as O'. The streamline 
picture is unchanged, but the moments are now 
more nearly balanced, so that the vane can be 
moved from one position to another with rela 
tively small effort. 

If the pressure distribution on the Vane is 
known, the best position of the pivot may be de 
termined by graphically integrating the moments 
on both sides of the pivot. Such a graphical 
method is not usually feasible, however, because 

5 

the pressure distribution Over a number of adja 
cent vanes is enough different from the distribu 
tion over a single vane to vitiate any calculations. 
Furthermore, the distribution of pressure varies 
with the position of the vane, and in general the 
closing moments are strongest when the vanes are 
near closed position, that is, when the vanes are 
in a position to direct fluid tangentially of the 
rotor, or nearly so, as shown in Fig. 2. It cannot 
be expected, therefore, that the undesirable clos 
ing moments can be fully neutralized for all posi 
tions of the vanes, but it is possible to mount the 
vanes so that they may be moved from one posi 
tion to another with only a small fraction of the 
power that would be required for symmetrically 
mounted vanes. 
In a practical case, the location of the pivots 

is best determined experimentally. A set of vanes 
is tested with the pivots in several different posi 
tions, and that position is chosen which gives 
most satisfactory operation over the whole range. 
In a forced draft fan of the type illustrated, it 
has been found that the area of each vane down 
stream from the pivot should be about 60% of the 
whole area of the vane. It is unnecessary to re 
peat the experimental work for each fan, since 
the same proportions hold for inlet assemblies of 
similar type, regardless of size. 

It has been found, as the result of tests on a 
variety of fans, with inlet vanes of different 
shapes, that although the 60-40% ratio above. 
mentioned is approximately correct for the type 
of vane herein shown, the best ratio may some 
times be as high as 70-30% or as low as 55-45%, 
with vanes of other shapes." 
With proper determination of relative areas, 

2,022,818 
the force required to hold the vanes in a desired 
position or to move the vanes from one position 
to another is as little as one-fifteenth of the force 
required for symmetrically pivoted vanes. The 
present invention therefore gives not only a saw 
ing of power, but what is even more important, 
it permits the control apparatus to work at full 
sensitivity. 
Although the invention has been described and 

shown as applied to vanes of particular shape for 
a particular fan, the invention is not to be con 
sidered limited to such specific embodiment, ex 
cept as limited by the appended claims. 

Having thus described the invention, what is 
claimed is: 

1. A centrifugal fan comprising a casing hav 
ing an inlet, a rotor, a plurality of vanes uni 
formly spaced with respect to the inlet for in 
parting a controllable spin velocity to the enter 
ing fluid, a pivotal mounting for each vane, and 
mechanism for simultaneously and uniformly ad 
justing the vanes from a wide open position to a 
substantially closed position in which the fluid is 
directed by the vanes in a direction nearly tan 
gentially of the rotor, each vane being disposed 
with sufficiently greater area on the down-stream 
side of the axis of its pivotal mounting than on 
the upstream side thereof to substantially bal 
ance the turning moments due to the uneven dis 
tribution of pressure on each vane. 

2. A centrifugal fan comprising a casing hav 
ing a converging inlet, a rotor, a plurality of vanes 
unifornly spaced in the inlet for imparting a 
controllable spin velocity to the entering fluid, a 
pivotal mounting for each vane perpendicular to 
the wall of the inlet and inclined to the axis of 
the rotor, and mechanism for simultaneously and 
uniformly adjusting the vanes from a wide open 
position through an angle of nearly 90 degrees 
to a substantially closed position, each vane being 
disposed with sufficiently greater area on the 
downstream side of the axis of its pivotal mount 
ing than on the upstream side thereof to substan 
tially balance the turning moments due to the 
uneven distribution of pressure on each vane. 
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