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UNITED STATES PATENT OFFICE 
2,291,273 

POWER CONVERSION METHOD AND 
APPARATUS 

Gohann J. Wyder, Westfield, N. J., assignor, by 
ninesne assignments, to Cities Service Oil Com 
pany, New York, N. Y., a corporation of Penn Sylvania, 

Original application April 11, 1940, Serial No. 
329,063. Divided and this application January 
16, 1941, Serial No. 374,638 

(C. 123-19) 12 Claims, 

This invention relates to an energy conversion 
System, and is particularly concerned with in 
provements in method and apparatus for utiliz 
ing energy of combustion gases under superat 
mospheric pressure for producing flow of and 
Compressing other stationary bodies of gas or air 
under lower pressure. 
A particular object of the invention is to pro 

wide improved method and means for utilizing 
the potential energy which is available in the 
hot Waste exhaust gases discharged from the 
cylinders of an internal combustion engine for 
compressing and pumping air. 
The present invention was originally described 

in my copending application Serial No. 329,063, 
filed April 11th, 1940, for "Gas pumping,' of 
which this is a division. 
The gas exhaust period of the cycle of any four 

stroke cycle internal combustion engine cylinder 
consists of two parts. During the first part of 
the exhaust period just after the exhaust valve 
has been opened, a substantial proportion 
(roughly 50%) of the total weight of gas in the 
cylinder is rapidly discharged as a high pressure 
puff Wave moving outwardly from the cylinder 
into the exhaust manifold at relatively high ini 
tial pressure and at high Velocity. During the 
latter part of the exhaust period the remaining 
portion of the exhaust gases leaves the cylinder 
as a relatively low pressure wave moving in front 
of the advancing piston, this period of the cylin 
der being referred to as the “stroke' period of the 
exhaust. During the stroke period of the ex 
haust, back pressure in the exhaust manifold 
may interfe:e markedly With the noveinent of 
the piston in the exhausting cylinder. 
The operating cycle of the pump of the pres 

ent invention includes first a displacement pe 
riod during which a stationary body of air or 
other gas is trapped at atmospheric pressure 
Within the purip while being compressed and 
then pushed out of the punp by pressure balanc 
ing displacement action of a flowing stream of 
hot engine exhaust gases introduced into the 
purp during the puff discharge period of a sin 
gle engine cylinder exhaust cycle. This dis 
piacement period is followed by a scavenging pe 
Fied during which the puff exhaust gases which 
have been trapped in the pump during the dis 
placement oparation aire discharged from the 
pump and the pump is Scavenged with air, pref 
erably by means of energy derived at least in part 
from the exhaust gases which aire discharged 
from the same engine cylinder during the stroke 
period of the cylinder exhaust cycle. 
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compressed and discharged from the pump by an 
Operation deriving energy from the hot gas pres 
Suite Wave discharged from one cylinder of a mul 
ti-cylinder engine, may be delivered as Super 
charge air to another engine cylinder having a 
coinciding air intake period. 
The present invention provides that any as 

Sembly of gas punping units and multi-cylinder 
four cycle engine should include a sufficient 
number of engine exhaust manifolds to insure 
that the exhaust puff Waves in any manifold shall 
not follow each other at intervals shorter than 
180 engine Crank angle travel. Some of the 
pumps of the present invention, however, are so 
designed that they can be operated on a cycle 
Which is completed within a period encompassed 
by 120° crank angle travel of the engine supply 
ing the exhaust gas for energizing the pump. 
Consequently a single pump may be operated by 
the pressure Waves occurring alternately in two 
exhaust manifolds of a six cylinder engine. 
Where the pump is also connected at its air dis 
charge end with one or more air intake manifolds 
of the engine for the purpose of Supplying com 
pressed air to each engine cylinder during the 
last part of its air intake period, provision is 
made for Supplying air at atmospheric pressure 
to each engine cylinder during the first part of 
its air intake period. Consequently the pump 
need Only be of Small capacity, and can be as 
sembled in closely spaced relation to the engine, 
With short air and gas transfer connections. 
Another feature which differentiates the pump 

of the present invention is in the use of a light, 
and in some designs, flexible sheet metal dia 
phragm or floating piston mounted for recipro 
cal movement within the pump in response to 
Small pressure differentials applied to opposite 
faces thereof, and having low mechanical re 
Sistance or inertia to noVement in either direc 
tion. The diaphragm or piston serves to Sub 
stantially inhibit contamination of the air or 
other gas undergoing Coimpression by the engine 
exhaust gas; insures more nearly perfect adian 
batic compression by reducing transfer of heat; 
and affords more positive and efficient scaveng 
ing. The diaphragm or piston, therefore, is an 
important contributing factor in reducing the 
size of the pump or compressor to a volumetric 
capacity not substantially exceeding that of an 
engine cylinder, and in permitting efficient op 
eration of the pump over a wide speed range. 
With the foregoing and other objects and fea 

tures in View, the invention consists in the in 
proved method of and apparatus for converting 
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energy as hereinafter described and more par 
ticularly defined by the accompanying claims. 
The invention will be described more particu 

larly by reference to the accompanying drawings, 
in which: 

Fig. I is a diagrammatic assembly view, show 
ing a single floating piston displacement pump 
operatively connected to exhaust and intake 
manifold is of a six cylinder four cycle internal 
COmbustion engine; the pump, engine intake and 
exhaust manifolds, and gas transfer connections 
and valve chambers being shown in longitudinal 
section. 

Fig. II is a pressure-time chart showing in full 
and dotted lines, respectively, the gas pressure 
Waves which can be built up in two engine ex 
haust manifolds of a six cylinder four cycle en 
gine over a period of 42 engine cycle or one revo 
lution. 

Figs. III, IV, V and VI are cross-sectional 
views of the gas and air transfer control valves 
taken respectively along the lines III-III, 
IV-IV, V-W and WI-VI of Fig. I. 

Fig. VII is another diagrammatic assembly 
View showing a single floating diaphragm dis 
placement pump and the intake and exhaust 
manifolds of a six cylinder, four cycle engine 
operatively connected by gas and air transfer 
Connections and transfer valves (parts being 
shown in longitudinal section). 

Fig. VIII is a schematic view of an assembly 
of a form of displacement pump equipped with 
a flexible diaphragm having its ends anchored 
to the pump housing, said pump having transfer 
ports at opposite sides of the diaphragm con 
nected to intake and exhaust manifolds for 
grouped cylinders of a six cylinder four cycle en 
gine, no hot gas transfer valve being included. 

Fig. IX is a plan view of the pump which is 
illustrated in Fig. VIII, taken on the line IX-X 
of Fig. VIII. 

Fig. X is an assembly view of two floating pis 
ton displacement pumps arranged in tandem and 
communicably connected respectively to two en 
gine exhaust manifolds, together with gas and 
air transfer valves and connections adapting the 
pumps for engine supercharging, parts being 
shown in longitudinal section. 

Fig. XI is a cross-sectional view of the ap 
paratus cf Fig. X, taken on the line XI-XI of 
Fig. X. 

Fig. XII is a cross-sectional view through one 
of the air transfer valves of Fig. X, taken along 
the line XII-XII of Fig. X. 

Figs. XIII, XIV and XV are cross-sectional 
Views of the gas and air transfer valves, taken 
respectively along the lines XIII-XIII, 
XTV-XIV, and XV-XV of Fig. X. 

Fig. XVI is a diagrammatic assembly view, 
chiefly in longitudinal section, showing a pair of 
floating piston pumps mounted in tandem and 
each communicably connected to individual en 
gine exhaust and intake manifolds, together with 
gas and air transfer connections and control 
Valves. 

Fig. XVII illustrates schematically an arrange 
ment of two displacement pumps in tandem with 
connections to separate engine exhaust manifolds, 
no hot gas transfer valves being provided. 

Fig. XVIII is a view in longitudinal section 
through the cylinders of the engine of Fig. X 
looking toward the viewer, showing the pistons, 
Valves and Cranks in position for supercharging 
One cylinder by energy derived from exhaust 
gases discharged from another cylinder; the dis 
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2,291,273 - 
placement pumps, manifolds and connections be 
ing outlined in dotted lines. 
In the apparatus assemblies Which are illus 

trated in Figs. I, WII, X, XI, XVI, XVI and 
XVIII of the drawings, one or more displacement 
pumps 20 are arranged for the compression and 
pumping of air by means of energy supplied 
thereto from the hot exhaust gases discharged 
under low Superatmospheric pressure from a six 
cylinder four cycle internal combustion engine 
24. Within the pumps piston-like floating dia 
phragms 22 are mounted to reciprocate with 
Small clearance for the purpose of preventing 
Substantial contact or intermixing between the 
compressing gas (exhaust gas) and the air or 
other gas being compressed, thereby insuring 
efficient adiabatic compression. The air which 
is compressed in the pump by a pressure balanc 
ing Operation, is illustrated as being utilized for 
Supercharging the engine cylinders. However, 
as previously indicated, the invention is not lim 
ited to the compression of air, nor to the use of 
Such air for engine Supercharging. 
In Figs. X, XI and XVIII, the cylinders of 

engine 24 have been numbered respectively 1, 2, 
3, 4, 5 and 6; and cylinders 1, 2 and 3 have been 
shown With their exhaust ports connected 
through an exhaust manifold 26 and a transfer 
conduit 5 With one of two pumps 20 arranged 
in tandem; while the exhaust ports of cylinders 
4, 5 and 6 have been shown as connected through 
an exhaust manifold 32 and a transfer conduit 
53 with the other pump 20. In Figs. X and XI 
manifold 26 is also shown as connected at 27 With 
the housing of a gas discharge valve 3 ?, and man 
ifold 32 is similarly connected at 33 with the 
housing of a cylindrical gas discharge valve 
3. Likewise the intake ports of cylinders 1, 2 
and 3 have been shown as connected through an 
intake manifold 38 and a carburetor 40 to the 
housing of an air transfer control valve 43; while 
the intake ports of cylinders 4, 5 and 6 have been 
shown as connected through an intake manifold 
44 and a carbureter 46 to the housing of an air 
transfer control valve 49. The housings of valves 
43 and 49 are in turn respectively connected to 
the respective pumps 20 by forked air transfer 
conduits 55 and 51. Concentric gas ejector noz 
zles 58 and 60 are connected, respectively, to the 
housing of the valves 37 and 3f. This apparatus 
will be hereinafter more fully described. 

In Figs. I and VII, the cylinders of engine 24 
have been indicated diagrammatically by the 
numerals 1, 2, 3, 4, 5 and 6; and cylinders 1, 2 
and 3 have been indicated as having their ex 
haust ports connected through an exhaust mani 
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fold 26 and passage 28 to housing 29 of a hot 
gas transfer control valve 39; while the exhaust 
ports of cylinders 4, 5 and 6 have been indicated 
as connected through exhaust manifold 32 and 
paSSage 34 to housing 35 of a hot gas transfer 
control valve 36. Likewise, the intake ports of 
Cylinders 1, 2 and 3 have been indicated as con 
nected through an intake manifold 38 and car 
bureter 4) to housing 4 of an air transfer con 
trol valve 42; while the intake ports of cylinders 
4, 5 and 6 have been indicated as connected 
through an intake manifold 44 and a carbureter 
45 to housing 47 of an air transfer control valve 
48. Hot valve housings 29 and 35 are in turn 
connected to a hot gas intake and exhaust port 
50 of pump 20 by a forked transfer conduit 52; 
and cold valve housings 4 and 47 are in turn 
Connected to an air intake and exhaust port 54 of 
pump 20 by a forked air transfer conduit 56. 
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Concentric gas ejector nozzles 53 and 60 are con 
nected, respectively, to the housings 29 and 35 
of the hot gas transfer control valves, and afford 
the means by which gas may be discharged from 
either of the exhaust manifolds or from the pump 
to atmosphere by way of a Venturi throat 62 and 
muffler 64. An atmospheric air intake filter E3 
is Connected to housings 4 and 57 of the air 
transfer control valves in position to deliver air 
at atmospheric pressure to the pump and to 
either of the air intake manifolds and carbu 
reters. 
The full line pressure time curve of Fig. II 

shows the Successive steep pressure waves built 
up in an exhaust manifold (such as manifold 
26) by the exhaust gas discharges frcm two cylin 
ders (for example cylinders 1 and 3) over one 
engine revolution. The exhaust of cylinder 1 
begins about 45 crank angle before bottorn dead 
center of crank , producing a strong puff wave 
which builds up a peak and then subsides within 
a period of about 100° crank angle, and is foln 
lowed by a Smooth Weak stroke exhaust extend 
ing over about 140 crank angle. The dotted 
line pressure time curve of Fig. II shows the suc 
cessive pressure waves built up in another ex 
haust manifold (such as manifold 32) by the 
exhaust gas discharged from other engine cylin 
ders (for example cylinders 4 and 5) at periods 
shifted in phase against the Waves produced by 
gas discharges fron cylinders 1 and 3 by half of 
an exhaust period or by 120 crank angle firing 
intervals. The puff discharge Wave of cylinder 1 
occurs simultaneously with the stroke exhaust 
period of cylinder 4, and the puff discharge wave 3 
developed in manifold 32 by cylinder 5 occurs 
simultaneously with the stroke exhaust Wave of 
cylinder 1 in manifold 26. The pressure waves 
as portrayed in Fig. II occur in an exhaust piping 
System which is continuously open to atrios 
pheric discharge. When, however, discharge of 
the exhaust gases to atmosphere is temporarily 
blocked over the length of a cylinder puff dis 
charge period, the pressure peak of the puff wave 
may be forced up higher and may be maintained 
over a longer period. The Subsiding side of the 
puff wave has a slope and shape Which depends 
on the rapidity with which the exhaust piping 
Systein is reopened to free atrini Spheric discharge, 

In the single floating piston type displacement, 
pump-engine assemblies which are illustrated in 
Figs. I and WII, the puff discharge Waves which 
are produced successively by all six cylinders of 
engine 24, operating with Crank angle Spacings 
of 120°, are all put to work Within the same 
pump space in rapid Succession, which means 
that the operating cycle of the pump rinust be 
completed within a time period corresponding 
to a 120° crank angle movement of the engine. 
The rotary gas and air transfer valves, ar 

ranged respectively between the pump and the 
engine exhaust manifolds and between the pump 
and the engine intake system, are activated from 
the engine crank shaft in the m2nner illustrated 
by Fig. VII, the drive being taken for example 
by chain from the engine shaft to the shaft 2 
On Which Valves 3 and 38 are mounted and frin 
shaft 72 to shaft 4 to which the air pressure 
valves 42 and 43 are keyed. 
In the operation of all six cylinder folr cycle 

internal combustion engines, the cylinders each 
fire once during every two engine revolutions, and 
the cylinders operate on cycles With a Craik 
angle spacing of 125°. Thus, while cylinder 1 is 
starting its gas exhaust, cylinder 6 is finishing 
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its air intake; and while cylinder 4 is starting its 
gas exhaust, cylinder 3 is finishing its air intake; 
and while cylinder 5 is starting its gas exhaust, 
Cylinder 2 is finishing its air intake. In other 
Words, the assemblies of displacement pumps and 
engine exhaust manifolds and intake manifolds 
as illustrated in Figs. I, VII, X, XVI and XVIII 
are designed to pair the cylinders of the multi 
cylinder internal combustion engine when utiliz 
ing energy Supplied to the pump by the engine 
exhaust waves for supercharging the engine. 
With the engine cylinders thus paired, energy 
carried by the exhaust gas discharge from one 
Cylinder of a pair can be utilized for compressing 
air and transferring such air as supercharge air 
into the other paired cylinder during the last 
portion of its air intake period. During the first 
part of the air intake period of each cylinder, 
air can be supplied to the cylinder at atmos 
pheric pressure. The pistons in each cylinder 
of a pair, Such as 2 and 5, pass simultaneously 
through their top and bottom dead center posi 
tions. However, the power strokes of the pistons 
are 360° crank angle apart in phase. In the case 
of engines having an uneven number of cylin 
ders, as for example nine cylinders, the dead 
center positions of the pistons in paired cylin 
derS are not exactly together, for example 40° 
apart, and therefore the power strokes are apart 
in phase less than 360, for example 320. 

In the operation of the engine-displacement 
pump a SSerinblies of Figs. I and VI three cylin 
der discharge puff waves are supplied to the pump 
fron the engine discharge manifold System dur 
ing each engine crank Shaft revolution. These 
gas discharge Waves are designed to produce by 
Ileans of the pump three similar air compression 
waves in the engine intake manifold system. The 
rising side of each exhaust puff wave measures 
the period during which the puff exhaust gas 
Surges into the pump against the air, though 
separated from it by the diaphragm or floating 
piston, and during this period air is cornpressed 
in the pump and discharged from the pump to 
a transfer conduit. The receding side of the 
puff wave represents the period during which ex 
haust gases are released from the pring to at 
nosphere and the period during which air re 
bounds from the transfer conduit into the purnp 
to fill it preliminary to a new operating cycle. 
Thus one pump cycle may be said to be con 
pleted during the pericci spanned between the 
tWO points C-C in the diagraril of Fig. I. 
The exhaust gas distributing valves 33 and 35 

must operate on cycles which correspons with 
those of the pump, kut also on cycles withich in 
clude the additional phase of passing the stroke 
exhaust from each cylinder directly to the at 
Inospheric discharge systeins 62 and if during the 
second half of each engine cylinder exhallst pe 
riod. Likewise, each of the air valves 42 and 
($8 must complete its cygle during the pariod of 
the punp cycle, but has to accomplish tie acidi 
tional duty of supplying atmospheric air to the 
intaks manifolds during the first, part of the 
air intake period of each engine cylinder. The 
htt gas and crld gas transfer valves ray be 
rotated at a speed 14 times the Speed of the 
engire crank shaft, or at a straight frait on of 
such speed, finir example with a speed 34 crank 
Saft speed in the case where each of the valves 
is provided with two opposite sets of ports, in 
niace of the single ports possessed by the valves 
illustrated in Figs. I and VII. By providing the 
valves with three sets of ports the speed cf the 

  



4. 
valves may be reduced to Az the Speed of the 
crank shaft. With a single pump assembly the 
number of strokes of the pump piston is always 
three times the number of revolutions of the 
crank shaft. 
As shown in Figs. I, III and IV, each of the 

valves 39 and 36 is a rotary tubular waive hav 
ing a bore of annular cross section which opens 
at one end into the valve chainber and engine 
manifold connected therewith, and Which is 
closed at the other end by a common cylindrical 
hub joining both valves to shaft 7.2. Each of the 
valves 3G, 36 has a single lateral port 25, 39 
(Figs. III, IV) extending the full length of the 
valve wall and having a width. Subtending a cyl 
inder arc of approximately 120°. Each of the 
air pressure valves 42 and 48 is a rotary cylinder 
segment subtending an arc of approximately 120 
(Figs. V, VI). 
Each of the hot gas transfer valves 3 and 36 

performs three functions during one revolution. 
During the first part of a cycle of pump 20, one 
of the valves rotates to a position permitting 
passage of engine puff exhaust gases under Super 
atmospheric pressure into the pump from One ex 
haust manifold. During the second part of the 
pump cycle, the valve rotates further to open 
the passage whereby puff exhaust gases trapped 
in the pump, exhaust manifold, and exhausting 
cylinder, are released to atmosphere. Also dur 
ing this last part of the pump cycle and for 
some time after the pump cycle is completed, the 
valve must cut off any further transfer of ex 
haust gases to the pump and pass stroke exhaust 
gases from the same engine manifold directly 
through the engine muffler system to the outside 
atmosphere. In doing so the pump is discon 
nected from this same exhaust manifold and enabled to perform another pumping cycle in 
connection with another branch exhaust mani 
fold. 

Similarly, one of the air transfer valves 42 and 
48 must operate during the first air displacement 
and compression period of each pump cycle to 
transfer compressed air from the pump Space 
into the proper engine intake manifold. This 
period of communication between the pump and 
the intake manifold extends over all of the dis 
placement and compression period of the pump 
cycle and over a part of the air rebound period. 
After completion of the air rebound period, the 
air transfer valve must operate to admit ScaV 
enging air into the pump from atmosphere 
through the air filter 66. Simultaneously, with 
this scavenging air transfer period, the air trans 
fer valve must also operate to pass atmospheric 
air directly to one of the engine intake manifolds. 
During the period when the one air transfer 
valve is in position to pass compressed air from 
the pump to one engine intake manifold, the 
other air transfer valve must be closed to cut off 
additional spaces or escapes open to the Outside 
and to prevent transfer of compressed air into 
the other engine intake manifold. It Will be 
noted that the period in which intake of SCaV 
enging air to the pump takes place coincides for 
a short time with the period in which intake of 
atmospheric air takes place to another of the 
cylinders beginning its intake period. Both of 
these atmospheric air intakes may be served by 
the same air transfer valve, or in part by both 
Walves. 
To some extent the valve timings of a particul 

lar pump design may differ from those illustrated. 
However, the valve timings must always be Such 
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2,291,273 
as to avoid upsetting interference between the 
different pressure waves by Which the pump Op 
erates. Special attention must also be given 
to designing the engine discharge System. So as 
to prevent the building up of a back pressure in 
One of the two engine exhaust manifolds par 
ticularly during periods when puff waves are be 
ing transferred from the other manifold into 
the pump space. The concentric discharge noz 
zles 58 and 60 and the expanding Venturi throat 
62 have been provided for the specific purpose 
of promoting rapid and powerful scavenging of 
the pump system while avoiding development of 
back pressure opposing the stroke exhaustS. 
The shafts 72 and 4 which, respectively, actu 

ate the hot and cold gas transfer valves, are Sup 
ported. Within the valve chambers by ball bear 
ings 76. The bearings supporting the shaft T2 for 
the hot gas transfer valves may be protected by 
Water jackets 78 against excessive heat. Also, 
the hot valve shaft bearings may be protected 
against gas leakage by labyrinth gaskets 8 (Fig. 
I). The bearings for supporting the cold gaS 
transfer valve shaft T4 may be protected against 
gas leakage by the usual type of bushings 79 with 
Oil Sealing, Which has been found to provide Suf 
ficient tightness for cold gas pressures never 
fluctuating between positive and negative pres 
Sure maxima of more than a few pounds per 
Square inch. 
Each of the hot gas and cold air transfer valves 

is shown in Figs. I, III, IV, W and WI, in the posi 
tion which it assumes just prior to termination 
of the displacement compression operation pe 
riod a-b of Fig. II. During this period the hot 
puff exhaust gases from cylinder 1 and manifold 
26 are being transferred past valve 30 into pump 
20. Simultaneously the valve 36 is in a position 
to transfer stroke exhaust gases from cylinder 4 
and manifold 32 directly to atmosphere through 
discharge nozzle 60 and funnel 64. At this same 
time compressed air is being transferred from the 
pump directly through Valve 48, carbureter 46, 
and air intake manifold 44, into cylinder 6. Also 
during this period, air transfer valve 42 is in po 
sition for passing atmospheric air through car 
bureter 4 and manifold 38 into cylinder 2. 
The air compression chamber of pump 20 as 

Viewed in Fig. I, always lies to the right of piston 
22, and is of annular cross section surrounding 
the stem of the piston. The volumetric displace 
ment of the pump 20, exclusive of the cubic dis 
placement of the piston, which is relatively small, 
is never appreciably more than sufficient to handle 
the volume of hot gas which is discharged from 
a single engine cylinder during the first puff dis 
charge period, and to compress only the air with 
which a cylinder is supercharged at the end of its 
air intake period. 
The atmospheric air intake ports under the 

Control of air transfer valves 42 and 48 have been 
illustrated as by-passed, respectively, with a pair 
of air by-pass conduits 84 and 86. Walves 88 and 
9) are respectively mounted in conduits 84 and 
86; and another valve 92 is mounted in the con 
duit 56 connecting the cold gas transfer valve 
housing with the pump. Walves 88, 9.0 and 92 
afford the means whereby engine 24 can be 
Switched from normal operation to supercharging 
operation, or back to normal operation, at Will. 
During Supercharging valves 88 and 90 are closed 
and valve 92 is opened, as shown in Fig. I. Dur 
ing normal operation of the engine without sup- - 
ercharging, valve 92 is closed and valves 88 and 
90 are opened for passing atmospheric air di 
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rectly and continuously from the air cleaner to 
the corresponding carbureters and engine intake 
manifolds. 
The design of the pump-engine assembly ill 

lustrated in Fig. I is such that the displacement 
face of the pump piston is always exposed to the 
impacts of the puff discharge waves from the 
engine cylinders. The whole System responds 
more rapidly to switching from atmospheric air 
intake to Supercharging When the hot gas side of 
the pump is continuously Subjected to pulsating 
pressure. If, however, the operator desires to 
shield the pump during normal operation (with 
out supercharging) against the hot puff exhaust 
waves, a by-pass 94 may be provided leading from 
each of the engine exhaust manifolds directly into 
the muffler line (indicated in dotted lines in Fig. 
I), and special valves 96 may be provided which 
on opening by-pass the exhaust puff Waves di 
rectly into the engine muffler. 
The diaphragm of the pump illustrated in Fig. 

WII has been shown as slidably journaled on a 
post 45 which is mounted on the main axis of the 
pump with its ends supported by the end walls 
of the pump. A preferred design of the single 
diaphragm. piston pump, however, has been 
shown in Fig. I, in which the piston 22 is at 
tached rigidly at its center to one end of a stem 
23. The other end of stem 23 carries a pin on 
Which adjacent ends of two links 68 are pivotally 
hinged. The opposite ends of links 68 in turn 
carry pins on which are respectively hinged two 
oscillating rods 69. Rods 69 are in turn pivotally 
mounted on brackets attached to the casing of the 
pump. The oscillating ends of rods 69, to which 
links 68 are respectively connected, are connected 
together by a retractile spring (). An oil-sealed 
stuffing box 2i is mounted in an aperture in the 
end plate of the pump within which stem 23 is 
reciprocably journaled. 
During the compression period of each pump 

cycle all of the air which is trapped between the 
pump diaphragm and the air intake port of the 
intaking engine cylinder is subjected to compres 
sion by the full discharge gas wave. During the 
second half of the pump cycle, when the full dis 
charge wave is subsiding by reexpansion from the 
pump, the forces acting on the diaphragm to move 
it in the opposite direction include the Suction 
developed in the Venturi exhaust orifice 62 by the 
stroke exhaust from one engine cylinder, and also 
the expansion force of the compressed air still 
trapped between the engine cylinder intake Valve 
which has just closed and the pump diaphragm. 
The pressure of the air thus trapped is rapidly 
reduced to atmospheric pressure by the complete 
expansion of the engine exhaust gases on the 
other side of the diaphragm, so that there is a 
tendency for the diaphragm movement to ter 
minate somewhere in mid-stroke, without the aid 
of a device such as the spring 70. The air pres 
sure on the air side of the diaphragm is rapidly 
reduced for another additional reason, and that 
is, that during the air rebound period of the dia 
phragm of the pumps shown in Figs. I and VII, 
a second cylinder of the engine is beginning its 
air intake period. 
The spring 70 of the piston return mechanism 

illustrated in Fig. I has been designed as an en 
ergy absorbing element which converts to me 
chanical energy a small part of the energy in 
parted to the piston during the displacement 
period of the pump cycle, by building up tension 
on the spring. The spring need only be Strong 
enough to absorb a very small proportion of the 
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5 
energy imparted to the piston. The construction 
of the spring mechanism is Such that the farther 
the piston moves toward the right (as viewed in 
Fig. I) the Smaller the amount of opposition to 
movement of the piston. In other Words, the 
spring has no effect whatsoever on movement of 
the piston at the time that the piston has reached 
the position shown in Fig. I, that is, when the 
back pressure of the compressed air is greatest. 
However, the spring exerts its full force against 
the piston. When the piston is near the end point 
of its travel toward the extreme left hand posi 
tion. Within the pump. The Only forces bearing 
on the piston in the position shown in Fig. I are 
the balancing gas preSSures on Opposite Sides 
thereof. On release of the trapped exhaust gases 
lying to the left of the piston at the end of the 
displacement compression period, the piston will 
start to move backward towards the left hand 
side of its path of travel, and the tension on the 
spring then comes into action to draw the OScil 
iating ends of the links 69 toward each other, 
forcing the piston toward its extreme left hand 
position and thereby producing air Scavenging 
of the pump. During full Speed Operation of the 
piston, in a pump-engine assembly Such as illus 
trated in Fig. I, the piston of the pump will not 
travel the full length of its stroke, the length of 
the path of travel which it does traverse depend 
ing on the exact dynamics of the particular pump 
design and on the Speed of the engine and pump. 
The floating diaphragms of the pumps shown 

in Figs. I, VII, X, XI, XVI, XVII and XVIII are 
circular metal discS, While the diaphragms of the 
pumps illustrated in Figs. VIII, IX have a rec 
tangular shape. In all cases the pump dia 
phragms are dimensioned to reciprocate within 
the pump housings with a definite Small clearance 
between the walls of the housing and the edges 
of the diaphragms. Wery little leakage of gas 
occurs past the diaphragm through Such Small 
clearance Space during the operation of the 
pump, since the gas pressure differential between 
opposite faces of the diaphragm is always very 
Small. In fact Such pressure differential is only 
sufficient to overcome any inertia, resistance of 
the floating diaphragm, which is kept as Small 
as possible. The displacement pumps are prefer 
ably designed With a large CrOSS-Sectional area, 
in comparison with the diaphragm stroke, for 
the purpose of reducing the diaphragm speed and 
the inertia, forces operating on the diaphragm 
to a minimum. This construction also has the 
effect of magnifying any motive force impressed 
on the diaphragm and giving instantaneous re 
Sponse of the diaphragm to any gas preSSure 
differential impressed thereon. 

In the pump modification which is illustrated 
in Figs. VIII and IX, the sheet metal diaphragm 

has its ends rigidly attached to the Shell of the 
pump and has sufficient elasticity to provide for 
a Seif-flexing operation between the full line posi 
tion and the dotted line position. The method of 
suspending the ends of the diaphragm with re 
spect to the pump housing of Figs. VIII and IX 
must be such as to allow for free play of the 
elastic self-retroactive properties of the dia 
phragm at any instant of the pump operating 
cycle. 
In the pump-engine assembly Which is illus 

trated in Fig. VIII, a pump of the flexible dia 
phragm type is ShoWin aS connected between ex 
haust manifold 26 for cylinders 1, 2 and 3 of the 
engine and intake manifold 44 for cylinders '4, 
5 and 6. Interposed between carbureter 46 sup 
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plying the intake manifold and air transfer con 
duit 57 for the pump, is a valve chamber in which 
valves 9 and 63 are rotatably mounted on shaft 
i 3. Wave 43 controls transfer of compressed air 
fron the pump to the manifold and also controls 
flow of atmospheric air to the manifold by way 
of port 83. Valve 63 controls supply of scav 
enging air to the pump from atmosphere through 
conduit 57. The pump diaphragm and valves 49 
and 63 are shown in the positions which they 
aSSume near the end of the pump Scavenging 
period while air is being delivered from atmos 
phere both to the pump and the intake manifold. 
This assembly is designed for operation without 
hot valve control of transfer of exhaust gases 
between the pump and the manifold 26 and be 
tween the exhaust manifold and atmosphere by 
Way of a restricted discharge nozzle 59, Wenturi 
throat 62 and muffler 64, as hereinafter more 
particularly described with reference to Fig. 
XVII. While not illustrated, it will be under 
stood that a complete assembly would normally 
include a second diaphragm pump interposed be 
tween exhaust manifold 32 for cylinders 4, 5 and 
6 and intake manifold 38 for cylinders 1, 2 and 3, 
the general method of a SSembly being illustrated 
in Fig. XVII. In the tandem pumps which are 
illustrated in Figs. X to XVIII, the energizing 
gas intake portS may be located either at adja 
cent ends of the two pumps or at opposite side 
covers of the two pumpS. 

In the apparatus assemblies which are illus 
trated in Figs. X, XI, XVI, XVII and XVIII, 
tWO displacement pumps are mounted in tandem 
With their floating pistons connected by a com 
mon stem and interlocked for reciprocation in 
unison. The two pumps are designed for opera 
tion on alternate cycles, so that the displace 
ment period in the operating cycle of one pump 
coincides with the air scavenging period in the 
cycle of the other pump, the interlocked pistons 
functioning to make both the displacement and 
the scavenging entirely positive. Each pump is 
operatively connected to only one of the two ex 
haust manifolds of the six cylinder engine, so 
that each pump performs only half the number 
of cycles that are required of the single pump in 
the assemblies illustrated by Figs. I and WII. 
In other words, each pump of the double pump 
assemblies 
cycles corresponding to 1/2 engine crank shaft 
speed (as compared to a pump cycle Speed three 
times crank shaft speed for the single pump as 
sembly of Figs. I and WII), and the gas and air 
transfer Valves, When equipped With Single 
phased ports, also revolve at 1% engine crank 
shaft Speed. 
In the assemblies illustrated by Figs. X, XI, 

XVI, XVII and XVIII, exhaust manifold 26 (for 
cylinders 1, 2 and 3) is in open and constant 
communication with one of the pumps 20 by 
means of a hot gas transfer conduit 5; while the 
other exhaust manifold 32 (for cylinders 4, 5 
and 6) is in open and constant communication 
With the other pump 20, by means of a separate 
hot gas transfer conduit 53. The floating pistons 
22 for the two pumps are preferably light alloy 
metal discs rigidly mounted on a Common Stem 
67 which is, in turn, reciprocally supported by 
lubricated bushings and stuffing boxes 2 which 
are centrally mounted in the end plates of each 
pump housing and are always cooled by air being 
pumped. The working chambers of the two 
pumps shown in Figs. X, XI, XVII and XVIII 
are disposed in tandem within a single housing, 
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on opposite sides of an inclined partition f60. 
In Figs. XVI, the two pumps are arranged in 
tandem, each pump. Within its individual housing. 

Manifold 26 is ported out (Figs. X, XI, XVI 
and XVIII) at 27 into the housing of a cylin 
drical gas discharge valve S; and manifold 32 
is similarly ported out at 33 into the housing 
of a cylindrical gas discharge valve 37. Trans 
fer conduits 5 and 53 are ported out into the 
respective pumps With Which they communicate 
at adjacent ends of the two pumps (Fig. XVI); 
or, in the case of Figs. X, XI, XVII and XVIII, 
at Symmetrical points located at Opposite sides 
of partition f : 0. 
One engine intake manifold 38 (for cylinders 

1, 2 and 3) is shown as connected through a 
carbureter 4 to the housing of a single-ported 
tubular air transfer control valve 43; While the 
other intake manifold 44 (for cylinders 4, 5 and 
6) is connected through a carbureter 46 to the 
housing of an air transfer control valve 49. The 
housings of valves 43 and 49 are respectively con 
nected to the respective displacement pumps 20 
by air transfer conduits 55 and 57. It Will be 
noted that hot gaS transfer conduits 5 and 53 
are ported out into the respective pumps 29, with 
which they communicate, at adjacent sides of 
the pump pistons 22; and that the air or cold 
gas transfer conduits 55 and 57 are ported out 
into the respective pumps at the remote sides 
of the corresponding pump pistons. 

Concentric gas ejector nozzles 60 and 58 are 
connected respectively to the housing of hot gas 
discharge control valves 3 and 37 and afford 
the means by which gas may be discharged from 
the exhaust manifolds, and the pumps con 
nected therewith, to atmosphere by way of the 
Venturi throat 62 and muffler 64. 

Each of the air transfer conduits 55 and 5 is 
ported out into the common housing for a pair 
of air transfer control valves 63 and 65, which 
are single-ported tubular valves. Walves 63 and 
65 are mounted to respectively control transfer 
Of atmospheric air for scavenging the pumps 
from an air intake filter 66 to one of the con 
duits 5 and 55, while blocking transfer of at 
mospheric air to the other transfer conduit. 

In the apparatus of Figs. X, XI, XII, XIV, 
XV and XVIII, conduits 55 and 57 are forked. 
The main forks of the respective conduits lead 
directly from the pumps to the corresponding 
atmospheric air control valves 63, 65. The other 
forks 82 (of conduit 55) and 99 (of conduit 57) 
branch out of the main fork at points near the 
pump and lead up to the ports of transfer valve 
43, 9. 
A pair of air by-pass chambers 8 and 83 has 

been illustrated in Figs. X and XVI. These by 
paSS chambers are ported out at each side of air 
filter 66. Communication between chamber 8 
and intake manifold 38 is under the control of 
Valve 43, While communication between chamber 
83 and the intake manifold 44 is under the con 
trol of Valve 49. For supplying atmospheric air 
to the intake manifolds of the engine through 
out the entire air intake period, in case pumps 
2 are not operatively connected to deliver super 
charge air during part of the intake period, by 
paSS pipes 85 and 87 are provided, respectively 
connecting chambers 8 and 83 to the intake 
manifolds 38 and 44, by-passing valves 43 and 
49. A butterfly valve 89 is mounted in pipe 85, 
and a similar valve 9A is mounted in pipe 87. 
A valve 93 is mounted in fork 82 of the air trans 
fer conduit 55 (Fig. XV), and a similar valve 
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95 is mounted in fork S9 of air transfer conduit 
57 (Figs. X, XII). Valves 93 and 95 when closed 
block transfer of compressed air from the pump 
to the engine intake manifolds. Walves 89, 9 f, 
93 and 95 afford the means whereby the engine 
can be switched from normal operation to super 
charging operation, or back to normal operation, 
at will. During Supercharging, valves 89 and 9 
are closed, and waives 93 and 95 are open. Dur 
ing normal operation of the engine without Super 
charging, valves 3 and 5 are closed and valves 
89 and 9 are open. 
Hot gas transfer valves 33 and 37 (Figs. X, XI 

and XVI) are mounted on a single drive Shaft 
i. Likewise, air or cold gas control valves 43, 

ES, 63 and 65 are all mounted on a Single drive 
Shaft 3. Shafts and 3 are operatively con 
nected for actuating all of the hot gas and air 
transfer control vaiyes directly from the crank 
shaft of the internal combustion engine. The 
shaft for the hot gas valves is supported with 
in the valve chamber's by ball bearing 75, and 
these ball b3ailings are protected by water jack 
ets 8 against excessive heat (Fig. X). Also the 
hot valve shaft baarings are protected against 
gas leakage by layrinth gaskets 83. The bear 
ings for supporting the air or cold gas transfer 
valve shaft 3 are prote3ted against gas leakage 
by the usual type of bishings 3 with oil sealing. 
In the scheinatic a 

pullings alid six cylindar engine shown by Fig. 
XWii, hot gas transfer control waves have been 
omitted, and in place thereof there have been 
substituted a pair of gas ejector nozzles 59 and 
- of gredeteriinsd restricted cross-section, 
Wiiich may be located in the same relative posi 
tion as are the gas dischairge nozzles 58 and 6) 
of the assemblies portrayed in Figs. X, XI, XVI 
and XVI. 

designed for operation at Substantially constant 
Speed. he cross Sectional area of each of the 
discharge no.223S 5 and is so chosen as to 
just handle the viculine of gas discharged from 
an engine cylinder during the exhaust period 
without developing substantial back pressure dur 
ing the stroke period of the exhaust. Conse 
quently, because of the restricted area of these 
nozzles 59 and & , they have a can siderable block 
ing effect against the strong puff exhaust wave 
which exits fircin an eingiae cylinder during the 
first or puff pariCd of the exhaust cycle. As a 
result of the partial blocking effected by nozzles 
59 and S, a Supercharging pressure of moderate 
intensity is impressed cn the piston of whichever 
One Cf the pumps is connected to the manifold 
receiving that particular puff discharge Wave. 
The reduction in compression efficiency or in 
tensity which is obtained by the design of Figs. 
VIII and XVI, in comparison. With the assen 
blies of Figs. X, XI, XVI and XVIII, may in some 
cases be justified by the greater simplification 
of apparatus which results from the elimination 
of the hot gas transfer control valves. 

Each of the hot gas and cold air transfer waives 
is shown in Figs. X to XV, inclusive, in the posi 
tion which it assumes just prior to termination 
"b' of the displacement compression operation 
period (-b cf Fig. II. During this period the hot 
puff exhaust gases from one of the engine cylin 
derS, for example cylinder 1, are being trans 
ferred directly from manifold 28 into the pump 
23 which is connected with that manifold. Si 
multaneously, valve 3 is in position to transfer 
Stroke exhaust gases from cylinder 4 and mani 
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7 
fold 32 directly to atmosphere through discharge 
nozzle 58 and funnel 62. At this same time, com 
pressed air is being transferred from the cham 
ber in the same pump at the opposite side of 
the piston directly past valve 49, carbureter 46 
and air intake manifold 44, into cylinder 6. Also 
during this period, air transfer valves 63 and 65 
are in position for passing atmospheric air from 
air cleaner 66 through transfer conduit 55 into 
the air chamber side of the second pump con 
nected with manifold 32 during the scaveraging 
period of the cycle of this second pump. 

Positive Scavenging of the displacement pump 
With a fresh chaige of air during the last part 
of each pump cycle is assured by providing the 
plimp piston With a Spring fly-Wheel construc 
tion such as showin in Fig. I, or by providing the 
pUInp with a flexing diaphragm as shown in 
Figs. VIII and IX, or by connecting the piston 
With the piston of another purp (Figs. X, XI, 
XVI, and XVII) in such a manner that the first 
piston is noved on a Suction stroke by the sec 
Orld piston operating on its displacement stroke. 
The discharge nozzles S3 and 68 are disposed in 
concentific relation at the entrance of the Wenturi 
funnel 63 to assist seavenging of the pumps by 
'applying the Staction aspiration effect of a jet 
of eigiine exhaust gases discharged directly, from 
Orie engine exhaust naanifold to atmosphere 
through one of Said nozzles during tie stroke 
exhaust period of an engine cylinder connected 
to Said finanifold for promoting development of 
Suction in the plap connected to the other ex 
haust 20Z.Zle during the Saavenging period of the 
pump cycle. Any interference to pump scaveng 
ing which may be cffered by air cleaner 66 may 
be compensated by rounting a fan 92 (Fig. 
XVI) at the entrance of the air cleaner to supply 
air theireto under slight pressure. 
The invention having been thus described, 

What is claimed as new is: 
1. In an energy conversion operation the steps 

comprising, exploding combustible charges of air 
and fuel SucceSSively in regular sequence at 
rapidly repeated intervais in a plurality of corn 
bustion Zones, converting part of the energy 
liberated by each explosion to mechanical energy 
Within the combustion Zone, discharging gaseous 
combustion productS after each such explosion 
and partial energy conversion operation while 
Still under preSSure into a confined innowing stream 
of Such products under a lower average super 
atmospheric pressure than the original discharge 
preSSure, thereby building up pressure waves in 
Said Stream following each other with a frequency 
corresponding to the frequency of the explosions, 
in preSSing the preSSu'e waves thus developed in 
Said Stream against One Side of a novable parti 
tich thereby effecting displacement movement 
thereCf while Simultaneously flowing air under 
Substantially atimcspheric pressure in a confined 
Stearn in contact With the other side of said 
partition, and thereby developing pressure waves 
of the Sane frequency and substantially the same 
Inagnitude in the air stream. 

2. In power developing apparatus, a high-speed 
internal combustion engine having a plurality 
Of cylinders arranged in groups, each cylinder 
group comprising cylinders which have non-over 
lapping Suction periods and non-overlapping ex 
haust periods, a separate intake mainifold and a 
Separate exhaust manifold for each cylinder 
group, a displacement air compressor, a floating 
piston mounted within Said compressor, a com 
pressed air transfer connection between one end 

  



S 
of Said compressor and an intake manifold of one 
cylinder group, a hot exhaust gas transfer con 
nection between the other end of said compressor 
and an exhaust manifold of a Second cylinder 
group, Valves mounted in position for controlling 
transfer of gas and air through said transfe con 
nections, and valve timing and actuating mecha 
nisrin for operating Said valves to effect simultane 
OuS tiransfer of compressed air from the compres 
Sor to one engine cylinder near the end of its 
Suction period, While transferring engine exhaust 
gaSeS to the compreSSOr from another cylinder 
during the first part of its exhaust period. 

3. In power developing apparatus, a multi 
cylinder four cycle internal combustion engine 
having its cylinderS airanged in groups, each 
cylinder group consisting of cylinders which have 
non-Overlapping Suction periods and non-over 
lapping exhaust periods, a separate intake nani 
fold and a Separate exhaust manifold for each 
cylinder group, a plurality of displacement air 
compreSSors, each compressor comprising a cylin 
der having a light Weight metal piston mounted 
for reciprocal movement therein, the pistons in 
each pair of compreSSOrS being affixed to a com 
imon reciprocable Stern for movement in unison, 
air transfer connections between an end of each 
compreSSor and an intake manifold of one cylin 
dier group, a not exhaust gaS transfer connection 
between the Opposite end of each compressor and 
an exhaust manifold of another cylinder group, 
and control valves for regulating the transfer of 
gaS and air into and out of each compreSSor 
through Said transfer connections. 

4. In an energy conversion operation wherein 
a highly compreSSed charge mixture of air and 
fuel is exploded and partially expanded in one 
conversion Zone While simultaneously introducing 
a fresh air charge into a Second conversion zone, 
the StepS comprising, trapping a body of air under 
low preSSure at One side of a movable partition 
during the first part of the air charging period 
of the Second Zone, during the last part of the 
air charging period of the Second ZOne discharg 
ing hot gaseous productS of combustion from the 
first conversion Zone still under Superatmospheric 
pressure in a rapidly advancing Wave against 
the other side of Said partition, thereby displac 
ing said partition and compressing the trapped 
air body by pressure balancing displacement, 
transferring the compressed air body as Super 
charge air directly into the Second conversion 
Zone While moving Said partition ahead of the 
advancing hot gas Wave, and at the end of the 
Supercharging period discharging exhaust gases 
from the gaS Side of the partition and trapping 
a fresh Supply of air on the air side thereof while 
returning the partition to its original position 
preparatory to a new cycle. 

5. In an energy conversion operation. Wherein 
cylinders of a multicylinder internal combustion 
engine operate on explosion power strokes foi 
lowing each other in regular Sequence the steps 
comprising, discharging gaseous products of com 
bustion while still under pressure, from said cylin 
ders in a confined moving stream of such products 
under a lower average SuperatinoSpheric pressure 
than the original discharge pressure thereby 
building up pressure waves in Said stream follow 
ing each other with a frequency corresponding to 
the frequency of the explosions, impressing a 
pressure Wave thus developed in said stream 
against One Side of a movable partition while 
simultaneously trapping air at Substantially 
atmospheric pressure in contact. With the other 
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side of the partition and compressing the air by 
movement of the partition ahead of the advanc 
ing gas pressure Wave, releasing the compressed 
air while trapping the gas against escape, and 
after each period of compressed air release ex 
panding gaS from said Stream to atmosphere and 
returning the partition to Substantially its origi 
rial position preliminary to a new cycle during 
the period of the following pressure Wave. 

6. In an energy conversion Operation. Wherein 
cylinders of a multicylinder internal combustion 
engine operate on power strokes following each 
other in regular sequence with one cylinder com 
mencing its gas exhaust period. While a second 
cylinder is finishing its air intake period, the steps 
compilising, trapping a body of air under low pres 
Suire at Ole Side of a movable partition during the 
first part Cf the air intake period of the second 
cylinter, during the last part of the air intake 
period of the Second cylinder discharging a rapid 
ly advancing preSSure Wave of hot gaseous prod 
uctS of Colinijustion from the first cylinder at the 
Uui iiiileia Ceirient Oi itS Waste gas discharge period 
agalist ville Other Side of Sald partition, thereby 
Cispla, Ulrig Sald partition and compreSSing the 
trapped air bouy Oy preSSure balancing displace 
like it, Lia? Sieiling the compressed alr body as 
Sugercillaige air directiy into the cylinder taking 
lil air Willie IiiOWing Sald partition ahead of the 
advaitling not gas Wave, and at the end of the 
Superciliarginig period discharging exhaust gases 
iroin the gas Side of the partillon and trapping a 
iresil Supply oi air on Line air Side thereof while 
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returning tile paitition to its original position in 
the period reinlaining beIOre another pair of cylin 
del's begin Cileir Supercharging and gas exhaust 
periods, respectively. 

"l. in an energy COinversion Operation wherein 
cylinuei's of a multicylinder internal combustion 
engine Operate on power Strokes following each 
othier in reguial Sequence with one cylinder com 
Iriencing itS gaS exhaust period while a second 
Cylinder is finishing its air intake period, the steps 
comprising, Setting up fiow of air from atmos 
phele to the Second cylinder during the first part 
of its air intake period and Simultaneously by 
passing air from Said stream into contact with 
One Side of a movable partition and trapping said 
bypassed air, during the last part of the air in 
take period of the Second cylinder discharging 
hot gaseous products of combustion from the first 
cylinder at the commencement of its waste gas 
discharge period as a rapidly advancing pressure 
Wave against the other Side of said partition 
thereby displacing said partition and compress 
ing the trapped air body by pressure balancing 
displacement, transferring the compressed air 
body as Supercharge air directly into the second 
cylinder while moving said partition ahead of the 
advancing hot gas wave, and at the end of the 
Supercharging period discharging exhaust gases 
from the gas Side of the partition while return 
ing the partition to its original position pre 
liftinary to a new cycle. 

8. The lethod of Supercharging the cylinders 
of a multicylinder internal combustion engine 
which comprises, maintaining a body of air under 
Substantially constant low pressure in contact 
With one side of a reciprocable diaphragm parti 
tion. While transferring air therefrom into a cylin 
der during the first portion of its air intake 
period, during the last part of the air intake 
period boosting the pressure of said air body and 
ramming the thus compressed air body as a super 
charge into Said cylinder, and carrying out said 
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pressure boosting and ramming operation by 
pressure balancing displacement of the air by a 
rapidly advancing Wave of hot gaseous products 
of combustion discharged under high preSSure 
against the other side of the diaphragm from a 
second cylinder at the commencement of its 
Waste gas discharge period. 

9. In energy conversion apparatus, a multi 
cylinder four cycle internal combustion engine 
having a plurality of cylinders with pistons 
reciprocably mounted therein and timed for oper 
ation in Sequence with a crank angle Spacing of 
at least 180, valved exhaust ports for each cylin 
der, an exhaust manifold connecting the exhaust 
ports of all of Said cylinders, a displacement air 
compressor comprising a chamber having a dia 
phragm partition mounted transversely therein 
and arranged for reciprocation in response to 
slight gas pressure differentials between opposite 
sides thereof, an air supply conduit arranged to 
supply replenish air at low pressure to one side 
of said partition, a compressed air removal con 
duit connected to the same side of the diaphragm, 
an exhaust gas transfer conduit communicably 
connecting the engine exhaust manifold to the 
other side of the partition, a gas discharge Con 
duit connected to the exhaust gas side of the 
partition, and valve mechanism arranged for 
actuation and timing by the engine to Synchro 
nize the periods of exhaust gas transfer to the 
compressor and of compressed air removal there 
from and to interrupt each such period of gas 
transfer and air removal while simultaneously 
connecting the compressor with the gas discharge 
and air Supply conduits for compressor Scaveng 
ing preliminary to a new cycle. 

10. In energy conversion apparatus, a multi 
cylinder internal combustion engine having a plu 
rality of cylinders with pistons reciprocably 
mounted therein and timed for operation in 
sequence with nonoverlapping gas exhaust 
periods, an exhaust port and an intake port for 
each cylinder, a displacement air compreSSOr 
comprising a chamber and a diaphragm partition 
mounted transversely in the chamber and ar 
ranged for reciprocation therein in response to 
slight gas pressure differentials between opposite 
sides thereof, a gas transfer conduit communi 
cably connecting the compressor at one side of 
the diaphragm with the exhaust ports of Said 
engine cylinders, a restricted outlet from Said 
conduit to atmosphere, compressed air removal 
and replenish air supply conduits connected to 
the compressor at the other side of Said dia 
phragm, and valve mechanism arranged for 
actuation and timing by the engine to Syn 
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9 
chronize the discharge of compressed air from 
the compressor with the first part of a cylinder 
gas exhaust period. 

11. In power developing apparatus, a multi 
cylinder internal combustion engine having a 
plurality of cylinders with pistons reciprocably 
mounted therein and timed for operation in 
sequence with nonoverlapping gas exhaust 
periods, an exhaust port and an intake port for 
each cylinder, a displacement air compressor 
comprising a chamber, a diaphragm. partition 
mounted transversely in the chamber and ar 
ranged for reciprocation in response to slight gas 
preSSure differentials between opposite Sides 
thereof, a gas transfer conduit communicably 
connecting the compressor at one side of the dia 
phragm with the exhaust ports of said engine 
cylinderS, a compressed air removal conduit con 
nected With the compressor at the other side of 
Said diaphragm, and mechanism operatively con 
nected with the diaphragm and arranged for 
absorbing energy imparted to the diaphragm dur 
ing movement thereof in one direction and for 
transferring energy to the diaphragm for mov 
ing it in the opposite direction. 

12. In energy conversion apparatus, an internal 
combustion engine having operatively paired cyl 
inders with pistons mounted therein, an exhaust 
port and an air intake port for each cylinder, said 
paired cylinders being timed for operation of one 
cylinder on the last part of its air intake period 
while the second paired cylinder is commencing 
itS gas exhaust period, a displacement air com 
preSSor comprising a wall-enclosed chamber, a 
diaphragm partition mounted transversely in the 
chamber intermediate the ends thereof and ar 
ranged for reciprocation therein in response to 
slight pressure differentials between opposite 
sides thereof, a pressure gas transfer conduit con 
necting the exhaust port of the second cylinder 
With One end of the compressor, a gas discharge 
conduit connected to the same end of the com 
preSSOr, an air transfer conduit connecting the 
intake port of the first cylinder with the other 
end of the compressor, an air supply conduit con 
nected to that end of the compressor, and valve 
mechanism arranged for actuation and timing by 
the engine to simultaneously connect the cylin 
derS through Said transfer conduits with the dis 
placement compressor at a supercharging period 
of the cycle and to subsequently block such con 
nections and effect simultaneous connection of 
the compressor with the gas discharge and air 
intake conduits for compressor scavenging pre 
liminary to a new cycle. 
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