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This application relates to an apparatus for 
controlling a Supercharger. More specifically it 
relates to an apparatus for preventing a super 
charger from reaching or exceeding the pumpin 
limit. 

It is knoWn that Superchargers, particularly 
those of the axial type, may under certain con 
ditions reach a condition known as “pumping 
limit,' at Which the flow of gas through the 
machine is unsatisfactory. The velocity of the 
gas passing into the Supercharger becomes: too 
low for the rotational Speed of the blades and 
aSSociated parts. The gas meets: the blades at 
too great an angle of attack, aerodynamic flow 
is interrupted, and the Supercharger stalls. 
condition produces noises, and vibrations - and 
pulsations that may cause physical failure of the 
partS. : , 

If a supercharger is to be used only at one 
altitude, it is not difficult to design it so that 
it may be operated satisfactorily within the 
pumping limit. However, if the Supercharger is 
to be used at different altitudes, as is the case 
When it is part of an aircraft power plant, the 
greatly varying intake pressures cause pumping 
limit to occur under varying conditions, and it 
is very difficult to make the Supercharger operate 
Within the pumping limit at all times. 

It has been discovered that when pumping 
limit occurs, there is a disturbance, or change 
in the relation of the pressures of certain regions 
of the machine. I propose to put this disturb 
ance Or change to Work to take, the Supercharger 
aWay from the pumping limit. 
An object of the present invention is to pro 

vide an improved control for a superchargerpar 
ticularly one of the axial type. More:specifically 
the control is adapted to prevent, the supercharger. 
from reaching the pumping limit. 
A further object is to produce a control for . 

a supercharger for preventing the, Supercharger 
from reaching or exceeding the pumping; limit, 
Which control operates directly upon a phenom 
enon arising at a condition of pumping limit. 
The advantage in providing a control of this 
type is that it is...more direct and is less de 
pendent on a raze of complications such as 
operating characteristics of the Supercharger at 
Varying temperatures and pressures. 
Other objects. Will appear from the disclosure. 
The figure shows the invention of the present 

invention partially schematically and partially in 
Section. . . . . 

... A supercharger, to has an inlet, end f :and; a 
discharge end 2, from which extends a line: 3. 
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leading to an engine, not shown. At one point 
in the line 3 is a side/outlet 4 controlled by 
a Spill, Salve 5. The Supercharger has a sta 
tionairy imeymber or casing f6 carrying sa plu 
rality of $stationary blade stages spaced along 
the length of the casing, of which only two, stages 
are shown, these being adjacent...the inlet end 
f, the first stage from the inlet end being desig 
nated by, the reference character, and the sec 
Ond, Stage by i f:8. - The:Supercharger, is also has a 
rotor ; 9. carrying a plurality of rotary blacie 
Stages :20 placed alternately between the sta 
tionarys stages. The rotor; 9 is journalled, and 
Supported adjacent S the discharge end 2 by 
In earls, not: shown, and is driven by a shaft 2. 
A blade 22 of the first stationary blade stage 

has an opening:23 adjacent the tip, thereof. Ex 
tending from the opening 23 is a passage 24 
extending through the blade .22 to the face 
thereof, at Which::point...a...line:25 is connected. 
A blacie. 26. Of the first stationary blade: stage. 

has an opening .27 adjacent, the root thereof. A 
passage:28:extends from the opening 27 to the 
base of the blade 26, at twhich point a line 29. 
is connected, 
she lines :25; and 29 are connected, respec 

tively, to chanbers. 39"; and 3 sat oppositesides 
of a diaphragmy 32 clamped by its outer periphery 
between: casing parts :33- and 34, which complete 
the chambers: 30s and 31. The lines 25 and 29 
aire attached, respectively, to fittings: 35 and 36 
threaded in openings 3 and 38 in, casing parts 
33:and34. Theocasing:part. 332 hasta tubular 
extension; 39 in which is fixedly mounted a sleeve 
40ahawing: ta' wide porter 4 ; at oness side and mar 
r?w oports g-2 ande“ 3:s spaced from zone", another 
at, the Opposite side. In the sleeve. 4) is slidably 
mounted a piston devices 44 having a long section 
45 having a rounded ends 46 connected to the 
diaphragm 32, an intermediates section 4, and 
a short section-48. A reduced section, 49 is be 
tween the sections 45 and 47, and a reduced:sec 
tion-59, between the sections. 47 and 48. Drain 
lines 5 and 32 are connected to the tubular ex 
tension 39 at the ports',42, and 43, respectively. 
A fitting:53 is threaded-in: an opening:54, in the 
tubular extension 339 at the portrili. Fo: the 
fitting 54 is attached a lines 55 leading-to a cyl 
inder 56 in which is slidably mounted a piston 
5. A plate, 58 closes the right end of the cyl 
inders 56, and is a 'spring 59, -acting between the 
piston; and , the plate urges the piston to the 
left. The piston .57 has a stem 60, to which is. 
connectedia link-6, to whichis connected an 
arºm 62:attached to the; spilligate 5. Apres 
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sure line 63, having a restriction 64, leads to 
the cylinder 56. The pressure line 63 is con 
nected to a Source of fluid pressure. 

During normal operation of the supercharger 
f 0 within te pumping limit the pressure existing 
at the root of the stationary blade stage 7 is equal 
to or perhaps slightly in excess of the pressure 
at the tip thereof. Thus the pressure at the 
opening 27 in the blade 26 is equal to that at the 
opening 23 in the blade 22, and the pressure Com 
municated from these openings through the lines 
25 and 29 to the chambers 30 and 3 are equal. As 
a consequence, the diaphragm 32 is in the posi 
tion shown, and the section 4 of the piston de 
vice 44 closes the port 4, preventing escape of 
fluid under pressure from the line 55 to either of 
the drain lines 5 and 52. With no escape of fluid 
at the port 4 taking place, fluid supplied through 

5 

() 

the pressure line 63 to the cylinder 56 and the 
line 55 is at a maximum and the piston 5 is at 
an extreme position to the right so as to act 
through the stem 69, the link 6 f, and the arm 62 
to hold the spill valve 5 in the closed position. 
When pumping limit is reached or approached, 

the pressure at the tip of the stationary blade 
stage drops without a corresponding drop at 
the root thereof, because of the condition of stall 
arising at the tip. Thus, the pressure in the 
chamber 30 drops, causing the diaphragm 32 to 
move downwardly and to bring about a downward 
movement of the piston device 44. The piston 
section 47 now at least partially uncovers the port 
4, and fiuid under pressure may escape from 
the line 55 past the reduced section 49 to the 
drain line 5. This reduces the pressure in the 
piston 56, permitting the spring 59 to move the 
piston 57 to the left. The spill gate 5 is there 
by rotated clockwise to an open position in which 
the spill gate spills air from the delivery line 3. 
This action prevents it from exceeding the pump 
ing limit by increasing the flow of air through the 
supercharger and providing an upper limit to the 
ratio of delivery pressure to intake pressure. This 
return to normal is reflected in an equalization 
in the pressures at the root and tip of the sta 
tionary blade stage it. The resultant equalizing 
of pressures in the chambers 30 and 3 moves the 
diaphragm 30 and the piston device 44 upwardly. 
The piston section is closes the port 4, and the 
pressure in the cylinder 55 is increased to move 
the piston 57 to the right causing the spill gate 
f5 to be closed. 
In the event that during normal operation the 

pressure at the root of the horizontal blade stage 
7 slightly exceeds that at the tip thereof, the 

upper edge of the piston section 47 may be built 
up slightly above the upper edge of the port 4 
so that the piston section. 4, will still close the 
port 4f even with some small downward displace 
ment of the diaphragm 32 from the position" 
shown due to the fact that the pressure in cham 
ber 3 is greater than that in the chamber 30. 

In some superchargers the condition of stall 
upon approach or arrival of the pumping limit 
may arise first at the root of the stationary blade 
stage rather than at the tip thereof. Thus the 
pressure in chamber 3 drops, and the diaphragm 
32 and the piston device 44 is raised. The section 
47 at least partially uncovers the port 4 so that 
fluid may escape from the line 55 past the re 
duced section 50 through the port 43 to the drain 
line 52. The resultant drop in pressure in the 
cylinder 56 permits the spring 59 to move the 
piston 5 to the left opening the spill gate 5. 
In the event that during normal operation the 

20 

23 

30 

40 

45 

50 

55 

80 

65 

70 

4 
pressure at the tip of the blade stage 7 slightly 
exceeds that at the root thereof, the lower edge 
of the piston section 47 may be built down slighly 
below the lower edge of the port 4 so that the sec 
tion 47 will still close the port 4f even with some 
Small upward displacement of the diaphragm 32 
shown due to the fact that the pressure in cham 
ber 39 in greater than that in chamber 3. 
The pressure taps have been associated with 

blades 22 and 26 of the stationary blade stage 
nearest the inlet end of the supercharger, be 
cause a condition of stall due to approach or ar 
rival of the pumping limit generally occurs first 
at the inlet end of the supercharger. Though 
location of the pressure tapos at this blade stage 
may be desirable and advantageous, it is not an 
absolute necessity, for the same change in the re 
lationship of pressures at root and tip may occur 
at another stationary blade stage. 
The blades 22 and 26, to which the pressure taps 

are connected, are indicated as diametrically op 
posed to one another, but these blades were chos 
en, because it simplified the problem of illustra 
tion. Actually the pressure taps may be in the 
Same blade or in any two blades in the same sta 
tionary stage whether adjacent one another or 
Spaced from one another. 

It will be apparent from the foregoing descrip 
tion that a new device has been developed for 
keeping a Supercharger away from the pumping 
limit or for preventing it from exceeding the 
pumping limit. The device operates directly from 
conditions arising in the supercharger on ap 
proach or arrival of pumping limit and involves 
the use of the change in the relation of pressures 
at root and tip of blade staging of the super 
???er for correcting the condition of pumping 
imit. 
The intention is to limit the invention only 

Within the scope of the appended claims. 
I claim: 
1. Apparatus for keeping within the pumping 

limit an axial flow supercharger for gas having a 
plurality of alternate stationary and rotary blade 
stages and a delivery line, the stages being gen 
erally radially coextensive with one another, said 
apparatus comprising means responsive to change 
in the relation of pressures at two points of the 
Stationary blade stage spaced radially from one 
another upon approach or arrival of the pump 
ing limit, a Spill valve in the delivery line of the 
Supercharger, and means connecting the afore 
Said means and valve for causing the aforesaid 
change in the relation of pressures to increase 
the opening of the spill valve. 

2. Apparatus for keeping within the pumping 
limit an axial flow supercharger for gas having 
movable blades and stationary blades having por 
tions radially coextensive With the movable blades 
and a delivery line, said apparatus comprising a 
Spill valve in the delivery line of the supercharger, 
a piston connected with the spill valve, resilient 
means acting against the piston to increase the 
opening of the Spill valve, means for supplying 
fluid under pressure to the piston to act in oppo 
sition to the resilient means to reduce the open 
ing of the spill valve, valve means for reducing 
the pressure of the fluid supplied to the piston, 
and means responsive to change in the relation 
of pressures of two points in the Supercharger 
Spaced radially from One another for causing the 
valve means to lower the fiuid pressure and 
thereby to increase the opening of the spill valve. 

3. Apparatus for keeping within the pumping 
75 limit an axial flow Supercharger for gas having 
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imovable blades and stationary blades having por 
tions radially coextensive with the movable 
blades and a delivery line, said apparatus com 
prising a spil valve in the delivery line of the 
supercharger, a piston connected with the spill 
valve, resilient means acting against the piston 
to increase the Opening of the Spill Valve, means 
for supplying fluid under pressure to the piston 
to act in opposition to the resilient means to 
reduce the opening of the spill Valve, valve means 
for reducing the pressure of the fluid supplied 
to the piston, a diaphragm connected with the 
valve means, means for supplying to one side of 
the diaphragm the pressure of a first point 
Within the Supercharger, and means for Supply 
ing to the other side of the diaphragm the pres 
sure of a second point within the Supercharger 
spaced radially from the first point. 

4. Apparatus for keeping within the pumping 
limit an axial flow supercharger for gas having 
movable blades and stationary blades having por 
tions radially coextensive With the movable 
blades and a delivery line, said apparatus com 
prising a spill valve in the delivery line of the 
supercharger, a piston connected with the Spill 
valve, resilient means acting against the piston 
to increase the opening of the Spill Valve, means 
for supplying fluid under pressure to the piston 
to act in opposition to the resilient means to re 
duce the opening of the spill valve, a valve 
adapted to occupy a central closed position or 
open positions displaced in one direction or the 
other from the central position for reducing the 
pressure of the fluid supplied to the piston by 
permitting escape of the fluid, a diaphragm as 
sociated with the valve so as to be shiftable in 
one direction or the other from a central posi 
tion to shift the valve to one open position or 
the other from its central position, and means 
for applying to opposite sides of the diaphragm 
the pressures of two points in the supercharger 
radially spaced from one another for causing a 
change in the relation of the pressures of the 
two points due to approach or arrival of the 
pumping limit to shift the valve from closed po 
sition to one open position or the other for re 
ducing the fluid pressure and thereby increasing 
the opening of the spill valve. 

5. Apparatus for controlling the operation of a 
supercharger having stationary blade means pro 
vided with attached base means and free tip 
means radially displaced from the base means, 
said apparatus comprising controlling means, 
means responsive to change in the relation of 
pressures at a region at the tip means and at 
another region at the root means due to ap 
proach or arrival of the pumping limit, and 
means connecting the controlling means and the 
pressure-responsive means for causing the afore 
said change in the relation of pressures to actu 
ate the controlling means. 
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6 
6. Apparatus for keeping within the pumping 

limit a Supercharger including stationary blades 
having attached bases and free tips radially 
Spaced from the bases and a delivery line, said 
apparatus comprising a spill valve in the de 
livery line of the supercharger, means responsive 
to pressure at a region at the tip of a stationary 
blade, means responsive to pressure at another 
region at the base of a stationary blade, and 
means connecting the spill valve and the two 
pressure-responsive means for causing difference 
in pressure between the two regions produced by 
lowering of the pressure at the tip of the first sta 
tionary blade due to approach or arrival of the 
pumping limit to increase the opening of the spill 
valve. 

7. Apparatus for keeping within the pumping 
limit a compressor having a rotor and blades 
carried thereby and a delivery line, said appa 
ratus comprising means responsiVe to changes in 
the relation of pressures at two points adjacent 
to said blades spaced radially from one another 
upon approach or arrival of the pumping limit, 
a spill valve in the deliVery line of the Compres 
sor, and means connecting the aforesaid means 
and valve for causing the aforesaid change in 
the relation of pressures to increase the opening 
of the spill Valve. 

8. Apparatus for keeping within the pumping 
limit a compressor having a rotor and blades 
carried thereby and a delivery line, Said appa 
ratus comprising a pair of conduits opening at 
two points adjacent to said blades Spaced ra 
dially from one another, means responsive to 
changes in the relation of pressures in said con 
duits occurring upon approach or arrival of the 
pumping limit, a spill valve in the delivery line 
of the compressor, and means connecting the 
aforesaid responsive means and the valve for 
causing the aforesaid change in the relation of 
pressures to increase the opening of the Spill 
WalVe. 

DAVID M. BORDEN. 
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