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The present invention relates to super 
chargers for internal combustion engines, 
wherein the compressor for supplying air to 
the engine is driven by a turbine operated by 

5 exhaust gas from the engine. A construc 
tion embodying my invention is well adapt 
ed for use in supercharging the engine of 
aeroplanes, although it is not limited to this 
use, but may be used wherever found ap 

10 plicable. d 
The object of the invention is to provide an 
im, regulating mechanism for super 
chargers of the above-referred-to type, and 
for a consideration of what I believe to be 

15 novel and my invention, attention is directed 
to the accompanying description and the 
claims appended thereto. 
In the drawings, Fig. 1 is a top plan view, 

partly in section and partly diagrammatic, of 
20 an internal combustion engine provided with 

a supercharger and regulating mechanism 
embodying the invention; Fig. 2 is a sec 
tional view through the nozzle box of the tur 
bine, and Fig. 3 is a view, mostly in trans 

25 verse section, of a gas-driven turbo-com 
pressor set, 

Referring to the drawings, 1 indicates an 
internal combustion engine of any suitable 
type. In the present instance, a 12-cylinder 

30 V-type engine is shown. 2 indicates the cyl 
inders of the engine; 3 indicates the intake 

ifold, and 4 indicates the exhaust mani 
OO 

Intake manifold 3 is connected by a con 
duit 5 to the discharge side of a suitable car 
buretor 6. Carburetor 6 is shown diagram 
matically and is indicated as being provided 
with a pipe through which gasolene is sup 
plied to it. from any suitable source. The 
intake side of carburetor 6 is connected by a 
conduit 8 to the discharge conduit 9 of a cen 
trifugal compressor 10. 11 indicates theim 
peller of the compressor. It is carried by 
shaft 12 mounted in suitable bearings in the 
compressor casing. On one end of shaft 12 
is a turbine wheel 13 to which actuating fluid 
is supplied by nozzles 14, located in the nozzle 
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boxi5. Nozzle box 15 is annular in contour 
and is divided by partition plates 16 into a 

50 plurality of separate chambers. In the pres 

ent instance, three chambers are shown, num 
bered 17, 18 and 19. Each of these chambers 
covers a certain arc of the nozzle box, and 
hence supplies gases to the nozzles 14 in such 
arc. Chambers 17, 18 and 19 are connected 
by conduits 20, 21 and 22 to exhaust manifold 
4. Connected to conduit 20 is a conduit 23 
which communicates directly with the at 
mosphere. It is provided with a valve 24 by 
means of which it may be opened and closed. 
Conduits 21 and 22 are provided with valves 
25 and 26, by means of which they may be 
opened and closed. On the outer ends of the 
spindles of valves 24, 25 and 26 are arranged 
disks 27, 28 and 29, each provided with a slot 
30 in its edge. Walves 24, 25 and 26 are ar 
ranged to be in-, either fully open or fully 
closed positions, and when in either of such 
positions are held by means of suitable 
springs. In the present instance, disks 27 
and 28 are shown as being connected together 
by a spring 31 connected at its ends to pins 32 
on the disks. Each disk is also provided 
with a stop pin 33, against which the ends of 
spring 31 strike to limit the movements of the 
valves toward open positions. Disk 29 is 
provided with a pin 34 to which is connected 
one end of the spring 35. The other end of 
spring 35 is connected to a pin 36 projecting 
from the wall of conduit 21. On disk 29 is 
a stop pin 37 for limiting the movement of 
valve 26 toward open position. The ends of 
the springs 31 and 35 connected to the respec-. 
tive disks 28 and 29 are adapted to move . 
from one side of the centers of the disks to 
the other side when the disks are turned to 
open and close the valves. In the positions 
shown in Fig. 1, valves 24, 25 and 26 are open, 
as is shown in Fig. 2. If now disk 27 is 
turned in an anti-clockwise direction, valve 
24 will be moved toward closed position, and 
as soon as pin 32 moves beyond the center of 
disk 27, spring 31 will act to move the valve 
quickly to its fully closed position, the valve 
engaging the inner surface of conduit 23 to 
limit the movement of the valve. Similar 
actions take place when disks 28 and 29 are 
turned in an anti-clockwise direction. For 
actuating the valves 24, 25 and 26 there is 
provided a rod 38 having three depending 
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motor, the operation of which is well under 
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teeth 39 adapted to engage with the notches 
30. Teeth 39 are positioned so that when rod 
38 is moved toward the left as viewed in Fig. 
1, the disks.27, 28 and 29 will be engaged one 
after the other, the arrangement being such 
that as the rod is moved toward the left, valve 
24 will be closed, then valve 25 will be closed, 
and finally valve 26 will be closed. Upon 
movement of rod 38 in reverse direction, after 
the valves have been closed, valve 26 will be 
opened first, after, which valve 25 and valve 
24 will be opened successively. 
The right-hand end of rod 38 is connected 

to a piston 40 located in a cylinder 41. Asso 
ciated with cylinder 41 is a pilot valve struc 
ture 42 which controls admission of actuating 
fluid to the cylinder on opposite sides of 
piston 40. Actuating fluid is supplied to the 
pilot valve by a pipe 43 which is connected 
to exhaust manifold 4. This forms a usual 
type of pilot valve controlled fluid-actuated 
stood. The stem of pilot valve 42 is con 
nected to the central portion of a lever 44. 
One end of lever 44 is connected to rod 38 
and the other end is connected to the central 
portion of a floating lever 45. The upper 
end of lever 45 is connected by a link 46, a 
lever 47 which is pivoted at 48, and a link 49 
to a hand lever 50 which is adapted to be 
positioned along an arcuate segment 51. The 
lower end of 
by a stem 52 to the movable end of a bellows 
53 located in a sealed casing 54, the non 
movable end of the bellows fi fixed di 
rectly to the base 55 of casing 54. 
The interior of bellows 53 has the air re 

moved from it, so that there is a vacuum in 
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it. Casing 54 is connected by a pipe 56 to 
intake manifold 3, which means that bellows 
53 is subjected on its outer surface to the 
pressure in the intake manifold. Surround 
ing stem 52 is a spring 5 located between the 
top wall of casing 54 and an adjustable nut 
58 threaded on stem 52. The collapsing of 
bellows 53 by the pressure to which it is sub 
jected in casing 54 is thus opposed by 
spring 57. . . . . 

The operation is as follows: When the aeroplane is on the ground, no supercharging 
being then desired piston 40 stands in the 
position shown in Fig. 1, and valves 24, 25 
and 26 are wide open. The pressure in intake 
manifold 3 is substantially atmospheric pres 
sure and the arrangement is such that bel 
lows 53 being subjected to atmospheric pres 
sure is collapsed against the action of spring 
57 to an extent such as to maintain the pilot valve closed when piston 40 is in the position 
shown. With the engine running, the ex 
haust gases have two avenues for escape, one 
through conduit 23 directly to atmosphere 
and the other through the nozzles 14 and the 
buckets of turbine wheel 13 directiv-to at 
mosphere. Under these conditions the pres 

oating lever 45 is connected 
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sure in the exhaust manifold will be substan 
tially atmospheric pressure. As a result, 
therefore, there will be a drop in pressure 
between the admission and exhaust sides of 
the nozzles 14 so small that little if any ex 
haust gases will pass through the nozzles. 
Such gases as do escape through the nozzles 
may serve to keep the turbine wheel turnin 
very slowly, but not at a speed such as woul 
produce an appreciable amount of super 
charging. 

If now the aeroplane rises in the air and 
reaches an altitude of a certain lower pres 
sure, then the pressure in casing 54 will de 
crease, whereupon bellows 53, due to its in: 
herent elasticity coupled with the action of 
spring 57, will effect a movement of the 
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lower-end offloating lever 45 toward the 
right. At this time, the upper end of lever 45 
is held stationary by link 46 so that lever 45 
turns on the end of link 46 as a pivot. This 
moves the lower end of lever 44 toward the 
right, thus moving pilot valve 42 toward the 
right. Fluid under pressure from pipe 43 
then flows through the right-hand passage 
of the pilot valve to the right-hand side of 
piston 40, moving piston 40 toward the left 
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and effecting the closing of valve 24. As 
piston 40 moves toward the left, the upper 
end of link 44 which is connected to rod 38 
moves with it, the same pivoting about its 
connection with floating lever 45. This 
serves to restore the pilot valve to its former 
position. When valve 24 closes, the escape 
of exhaust gases to the atmosphere is cut off 
so that now the only avenue of escape for 
them is through the nozzles 14. At this time 
all three chambers, 17, 18 and 19, are con 
nected to the exhaust manifold so that the 
exhaust gases are fed to the entire ring of 
nozzles 14. There will be now a certain drop 
in pressure across nozzles 14 sufficient to effect 
the discharges of the exhaust gases through 
them. This will serve to buil a certain 
back pressure on the engine and effect opera 
tion of the turbine wheel at a certain speed. 
The arrangement is such that when all the 
nozzles 14 are available for the passage of 
exhaust gas, a back pressure of but small 
value will be built upon the turbine. As a 
result, the turbine will be operated at a com 
paratively slow speed and will produce only 
a predetermined amount of supercharging. 

Due to the operation of impeller 11 at a 
higher speed, the pressure in intake manifold 
3 will be increased. This increased pressure 
will act on bellows 53, tending to collapse it 
again, which, of course, tends to operate pis 
ton 40 in a direction opposite to that just de 
scribed. However, the arrangement is such 
that the parts will come to a stable position. 
with valve 24 closed when a certain predeter 
mined pressure is reestablished on casing 54. 
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This pressure will be substantially that 
which existed previously in casing 54, al 30 



mechanism. 
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though it will be slightly less, due to the in- with the apparatus which I now consider to herent width of regulation of the governing represent the best embodiment thereof, but 
I desire to have it understood that the ap 

If now the pressure in the intake mani- paratus shown is only illustrative and that 
fold again decreases, then the operation just the invention may be carried out by other 
described will be repeated, piston 40 being means. R 
moved so as to effect closing of valve 25. What I claim as new, and desire to secure 
When valve 25, closes, the nozzle area sup- by Letters Patent of the United States, is: 
plied with gases from the chamber 18 is shut 1. The combination with an internal com 
off so that all the exhaust gas must escape bustion engine, of a supercharger comprising 
through the nozzles fed by chambers 17 and a turbine, conduit means for conveying ex 
19. Due to the more limited nozzle area haust gases from the engine to the turbine, 
available for the passage of the exhaust conduit means for conveying exhaust gases 
gases, the back pressure on the turbine will from the engine directly to atmosphere, and 
be further built up, whereupon there will means for successively shutting off the second 
be effected a greater drop in pressure across named conduit means, and then diminishing 
the nozzles now in action which will serve the passage area through the turbine to effect to increase further the speed of the super-increase in the amount of energy imparted 
charger. Compressor 11 will thereupon op- by the gases to the turbine. 
erate to increase the pressure of the air sup- 2. The combination with an internal com 
plied to the carburetor. bustion engine, of a supercharger comprising 

If now another decrease in pressure in in- a turbine, conduit means for conveying ex 
take manifold 3 occurs, then, the mechanism haust gases from the engine to the turbine, will be operated after the manner already conduit means for conveying exhaust gases 
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described, to effect closing of valve 26. This from the engine directly to atmosphere, and 
then shuts off the supply of exhaust gases to automatic means controlled by the super 
the nozzles of chamber 19 so that all the ex- charger pressure for successively shutting off 
haust gases from the engine must pass the second named conduit means and then 
through the nozzles fed from chamber 17. diminishing the passage area through the 
As a result the back pressure on the turbine turbine to effect increase in the amount of 
will be built up still further, which means energy imparted by the gases to the turbine. 
that there will be a greater drop in pressure 3. The combination with an internal com 
across nozzles 14, thereby further increasing bustion engine, of a supercharger comprising 
the speed of the turbine wheel and hence a turbine, nozzles for the turbine, conduit 
the amount of supercharging. means for conveying exhaust gases from the 
Thus it will be seen the supercharger will engine to the nozzles, conduit means for con 

be increased automatically from zero to its veying exhaust gases directly to atmosphere, 
maximum value. said nozzles having a total area such that 

If the Supercharging pressure increases when both said exhaust conduit means are 
beyond the desired value, then bellows 53 is open but little energy will be expended on 
collapsed, operating piston 40 in the opposite the turbine rotor, and means for successively 
direction to that just described, whereby shutting of the second named conduit means 

3. 

there is effected opening movement of the 
valves 26, 25 and 24 in the reverse order to 
their closing movements. 
By means of hand lever 50 the floating 

lever 45 can be moved to effect adjustment of 
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the supercharger at any time or to set it for 
any desired pressure. The automatic mech 
anism comprising bellows 53 then serves to 
maintain such pressure automatically. 
While I have shown only one atmospheric 

valve 24 and two nozzle controlling valves 
25 and 26, it will be understood that the num 
ber may be varied as found desirable; also, 
it will be understood that the valves may be 
operated in any suitable manner. Prefer 
ably, I operate the valves from wide open 
to completely closed position, as this avoids 
throttling. However, it is to be under 
stood that the valves may be operated in any 

, other suitable manner, if desired. 
In accordance with the provisions of the 

patent statutes, I have described the prin 
ciple of operation of my invention, together 

and then diminishing the nozzle area avail 
able for gas flow to thereby increase the 
amount of energy expended on the turbine 
rotor. 

4. The combination with an internal com 
bustion engine, of a supercharger compris 
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ing a turbine, nozzles for the turbine, conduit 
means for conveying exhaust gases from the 
engine to the nozzles, conduit means for con 
veying exhaust gases directly to atmosphere, 
said nozzles having a total area such that 
when both said exhaust conduit means are 
open but little energy will be expended on 
the turbine rotor, and automatic means actu 
ated by the supercharger pressure for suc 
cessively shutting off the second named con 
duit means and then diminishing the nozzle 
area available for gas flow to thereby increase 
the amount of energy expended on the tur 
bine rotor. 

5. The combination with an internal com 
bustion engine, of a supercharger compris 
ing a turbine, groups of nozzles for the tur 
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bine, conduit means for conveying exhaust 
gases from the engine to said groups of noz 
zles, conduit means for conveying exhaust 
gases from the engine directly to atmosphere, 
ind valve means for successively closing said 
last named conduit means and then cutting 
groups of nozzles out of action to effect a 
building up of the back pressure on the engine 
to increase the drop in pressure through the 
nozzles. 

6. The combination with an internal com 
bustion engine, of a supercharged compris 
ing a turbine, groups pnozzles for the tur 
bine, conduit means for conveying exhaust 
gases from the engine to said groups of noz 
zles, conduit means for conveying exhaust 
gases from the engine directly to atmosphere, 
and valve means controlled automatically by 
the supercharger pressure for successively 
closing said last named conduit means and 
then cutting groups of nozzles out of action 
to effect a building up of the back pressure 
on the engine to increase the drop in pressure 
through the nozzles. 

7. The combination with an internal com 
bustion engine, of a supercharger comprising 
a turbine, conduit means for conveying ex 
haust gases from the engine to the turbine, 
conduit means for conveying exhaust gases 
from the engine directly to atmosphere, auto 
matic means controlled by the supercharger 
pressure for successively shutting off the sec 
ond-named conduit and then diminishing the 
passage area through the turbine to effect in 
crease in the amount of energy imparted by 
the gases to the turbine, and manually-oper 
ated means for effecting adjustment of the 
supercharger pressure. 

8. The combination with an internal com 
bustion engine, of a supercharger comprising 
a turbine, nozzles for the turbine, conduit 
means for conveying exhaust gases from the 
engine to the nozzles, conduit means for con 
veying exhaust gases directly to atmosphere, 

45 said nozzles having a total area such that 
when both said exhaust conduit means are 
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open but little energy will be expended on 
the turbine rotor, automatic means actuated 
by the supercharger pressure for successively 
shutting of the second named conduit means 
and then diminishing the nozzle area avail 
able for gas flow to thereby increase the 
amount of energy expended on the turbine 
rotor, and manually-operated means for ef 
fecting adjustments of the supercharger pres 
Ste. 

9. The combination with an internal com 
bustion engine, of a supercharger comprising 
a turbine, groups of nozzles for the turbine, 
conduit means for conveying exhaust gases 
from the engine to said groups of nozzles, 
conduit means for conveying exhaust gases 
from the engine directly to atmosphere, valve 
means controlled automatically by the super 
charger pressure for successively closing said 

1,816,787 
last named conduit means and then cutting 
roups of nozzles out. of action to effect a 
uilding up of the back pressure on the en gine to increase the drop in pressure through 

the nozzles, and manually-operated means for 
effecting adjustment of the supercharger 
pressure. 
In witness whereof, have hereunto set my 

hand this 28th day of January, 1927. 
SANFORDA, MOSS. 
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