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GAS PUMPING 

Johann J. Wydler, Westfield, N. J., assignor, by 
mesne assignments, to Cities Service Oil Com 
pany, New York, N. Y., a corporation of Penn sylvania 

Application April 11, 1949, Serial No. 339,963 
(C. 230-69) 17 Claims. 

This invention relates to gas pumping, and is 
particularly concerned with improvements in 
method and apparatus for utilizing energy of 
gases under Superatmospheric pressure for pro 
ducing flow of and compressing other stationary 
bodies of gas under lower pressure. 
A particular object of the invention is to pro 

Vide 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 is directed to modifica 

tions of and improvements on the invention de 
scribed in my copending application Serial No. 
240,015, filed November 12, 1938, for Gas pump 
ing, U. S. Patent No. 2,234,100, issued March 4, 
194. 
The gas exhaust period of the cycle of any 

four Stroke cycle internal combustion engine cyl 
inder 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 in 
itial 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 rela?ively 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 
exhaust, back pressure in the exhaust mainifold i 
may interfere markedly with the movement of 
the piston in the exhausting cylinder. 
The operating cycle of the pump of the present 

invention generally follows that of my aforesaid 
copending application, in that it includes first a 
displacement period during which a stationary 
body of air or other gas is - trapped at atmos 
pheric pressure within the pump while being com 
preSSed and then pushed out of the pump by 
pressure balancing displacement action of a flow 
ing stream of gas under pressure, such as hot 
engine exhaust gases introduced into the pump 
during the puff discharge period of a single engine 
Cylinder exhaust cycle. This displacement period 
is followed by a scavenging period during Which 
the puff exhaust gases which have been trapped 
in the pUmp during the displacement operation 
are discharged from the pump and the pump is 
scavenged with air, preferably by means of energy 
derived at least in part from the exhaust gases 
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which are discharged from the same engine cyl 
inder during the stroke period of the cylinder 
exhaust cycle. Air thus compreSSed and dis 
charged from the pump by an operation deriving 
energy from the hot gas pressure wave discharged 
from one cylinder of a multi-cylinder engine, 
may be delivered as supercharge air to another 
engine cylinder having a coinciding air intake 
period. 
The present invention provides that any as 

sembly of gas pumping units and multi-cylinder 
four cycle engine should include a sufficient num 
ber of engine exhaust manifolds to insure that the 
exhaust puff waves in any manifold shall not fol 
low each other at intervas 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 supplying the 
exhaust gas for energizing the pump. . Conse 
quently a single pump may be i Operated by the 
pressure waves occurring alternately in two ' eX 
haust manifolds of a six cylinder engine. Where 
the pump is also connected at its air discharge 
end with one or more air intake manifolds of the 
engine for the purpose of Supplying compressed 
air to each engine cylinder during the last part 
of its air intake period, provision is made for 
SUpplying air at atmospheric pressure i 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 assembled in 
closely spaced relation to the engine, with short 
air and gas transfer connections. 
Another feature which differentiates the pump 

of the present invention from that of my afore 
said copending application is in the use of a light, 
and in some designs, flexible sheet metal dia 
*phragm or floating piston mounted for reciprocal 
movement within the pump in response to Small 
pressure differentials applied to opposite faces 
thereof, and having low mechanical resistance 
or inertia to novement in either direction. The 
diaphragm or piston serves to Substantially in 
hibit contamination of the air or other gas under 
going compression by the engine exhaust gas; in 

50 
Sures more nearly perfect adiabatic compression 
by reducing transfer of heat; and affords more 
positive and efficient scavenging. The diaphragm 
or piston, therefore, is an important contributing 
factor in reducing the size of the pump or com 
pressor to a volumetric capacity not substantially 

55 exceeding that of an engine cylinder, and in per 



2 
mitting efficient operation of the pump OWer a 
wide speed range. 
With the foregoing and other objects and fea 

tures in view, the invention consistS in the im 
proved method of and apparatus for pumping 
and compressing air or other gas as hereinafter 
described and more particularly defined by the 
accompanying claims. 
The invention will be described more particu 

larly by reference to the accompanying diraw 
ings, in which: 

Fig. I is an assembly view, showing a single 
floating piston displacement pump operatively 
connected to exhaust and intake manifolds of 
a six-cylinder four cycle internal combustion en 
gine; the pump, engine intake and exhallust man 
ifolds, and gas transfer connections and ValVe 
chambers being shown in longitudinal Section. 

Fig. III is a pressure-time chart showing in 
full and dotted lines, respectively, the gas pres 
sure waves which can be built up in two engine 
exhaust manifolds of a six-cylinder four cycle 
engine over a period of %2 engine cycle or one 
revolution. 

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-V 
and VI-VIII of Fig. I. 

Fig. VIII 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 view in vertical section of a modi 
ffied form of displacement pump equipped with 
a flexible diaphragm having its ends anchored 
to the pump housing. 

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

Fig. XIII is a cross-sectional view through one 
of the air transfer valves of Fig. X, taken along 
the line XIII-XIII 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, 
XIV-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. XVIII is a perspective view of a modified 
arrangement of two gas displacement pumpS hav 
ing rectangular pistons mounted on a common 
oscillating shaft. 

Fig. XVIII illustrates Schematically an ar 
rangement of two displacement pumps in tan 
dem with connections to separate engine exhaust 
manifolds, no hot gas transfer valves being pro 
vided. 
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2,293,186 
In the apparatus aSSemblies which are illus 

trated in Figs. I, VIII, X, XI, XVI and XVIII of 
the drawings, one or more displacement pumps 
20 are arranged for the compreSSiOn, and pump 
ing 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 diaphragms 22 are 
mounted to reciprocate with Small clearance for 
the purpose of preventing Substantial contact or 
intermixing betWeen the compressing gas (eX 
haust gas) and the air or other gas being com 
pressed, thereby insuring efficient adiabatic com 
pression. The air which is compressed in the 
pump by a preSSure balancing Operation, is illus 
trated as being utilized for SUpercharging the 
engine CylinderS. However, as previously indi 
Cated, the invention is not limited to the use 
of engine exhaust ga.Ses as the energizing me 
dium for the pump, nor to the compression of 
air, nor to the use of Such air for engine Super 
charging. 

In Figs. I and VIII, the cylinders of engine 24 
have been numbered respectively , 2, 3, 4, 5 and 
6; and cylinders 4, 2 and 3 have been shown 
With their exhaust portS COInnected through an 
exhau St manifold 26 and pa SSage 28 to housing 
29 of a hot gas transfer control valve 30; while 
the exhaust ports of cylinders 4, 5 and 6 have 
been shoWn as connected through exhaust mani 
fold 32 and passage 34 to housing 35 of a hot 
gas transfer control valve 36. Likewise, the in 
take ports of cylinders , 2 and 3 have been 
shown as connected through an intake manifold 
33 and carburetor 4 to housing 4, 4 of an air 
transfer control valve 42; while the intake ports 
of cylinders 4, 5 and 6 have been shown as con 
nected through an intake manifold 44 and a car 
buretor 45 to housing 47 of an air transfer con 
trol valve 48. Hot valve housings 29 and 35 are 
in turn connected to a hot gas intake and exk 
haust port 50 of pump 20 by a forked transfer 
conduit 52; and cold ValVe hou SingS 4 and 47 
are in turn connected to an air intake and ex 
haust port 34 of pump 20 by a forked air trans 
fer conduit 56. Concentric gas ejector nozzles 
58 and 60 are connected, respectively, to the 
housings 29 and 35 of the hot gas transfer con 
trol 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 66 is connected to 
housings 4 and 47 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 carburetors. 
The full line pressure time curve of Fig. III 

shows the Successive steep pressure waves built 
up in an exhaust manifold (such as manifold 
26) by the exhaust gas discharges from two 
Cylinders (for example cylinders and 3) over 
One engine revolution. The exhaust of cylinder 

begins about 45° crank angle before bottom 
dead center of crank i, producing a strong puff 
WaVe Which builds up a peak and then subsides 
Within a period of about 10G0° crank angle, and 
is followed by a Smooth weak stroke exhaust ex 
tending over about 140° crank angle. The dotted 
line pressure time curve of Fig. III shows the 
Successive pressure waves built up in another 
exhaust manifold (such as manifold 32) by the 
exhaust gas discharged from other engine cyl 
inders (for example cylinders 4 and 5) at pe 
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riods shifted in phase against the waves pro 
duced by . gas discharges from cylinders i and 3 
by half of an exhaust period or by 120° crank 
angle firing intervals. The puff discharge wave 

- of cylinder i occurs simultaneously with the 
stroke exhaust period of cylinder 4, and the puff 
discharge wave developed in manifold 32 by cyl 
inder 5 occurs simultaneously with the stroke 
exhaust wave of cylinder i in manifold 26. The 
preSSUure Waves as portrayed in Fig. III occur in 
an exhaust piping system which is continuously 
Open to atmospheric discharge. When, however, 
discharge of the exhaust gases to atmosphere is 
temporarily blocked over the length of a cylin 
der puff discharge period, the presSture peak of 
the puff wave may be forced up higher and may 
be maintained over a longer period. The Sub 
Siding Side of the puff wave has a slope and shape 
which depends on the rapidity With which the ex 
haust piping system is reopened to free atmos 
pheric discharge. M 

In the Single floating piston type displace 
ment pump-engine assemblies which are illus 
trated in Figs. I and VIII, 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 
must be completed within a time period corre 
sponding 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 manner º illustrated 
by Fig. VII, the drive being taken for example 
by chain from the engine shaft to the shaft T 2 
on which valves 30 and 36 are mounted and from 
shaft 72 to shaft 74 to which the air pressure 
valves 42 and 48 are keyed. * The valve actuat 
ing and timing mechanism is arranged for oper 
ating the respective valves at rates proportional 
to the intervals between pressure peaks at the 
pulsating gas source of energy for operating the 
pump, namely in the engine exhalUlst manifolds. 

In the operation of all six cylinder foUir cycle 
internal combustion engines, the cylinders each 
fire once during every two engine revolutions, 5 
and the cylinders operate on cycles with a crank 
angle spacing of 120°. Thus, while cylinder 
is starting its i gas exhaust, cylinder 6 is finish 
ing its air intake; and while cylinder 4 is start 
ing 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 displacemelt 
pumps and engine exhaulist, manifolds and intake 
manifolds as illustrated in Figs. I, VII, XK and 
XVI - are designed to pair the cylinders of the 
multi-cylinder internal combustion eingine When 
utilizing energy Supplied to the pump by the ei 
gine exhaust waves for supercharging the en 
gle. 

energy carried by the exhaust gas discharge from 
one cylinder of a pair can be utilized for cGMn 
pressing air and transferring Such air as Super 
charge air into the other paired cylinder dur 
ing the last portion of its air intake period, Dr 
ing the first part of the air` iintake period of 
each cylinder, air can be supplied to the cylin 
der at i atmospheric pressure. The pistons in 
each cylinder of a pair, such as 2 and 5, pass 
simultaneously through their top and bottom 

With the engine i cylinders thUS paired, 
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3 
dead center positions. However, the power 
strokes of the pistons are 360° crank angle apart 
in phase. In the case of engines having an un 
even number of cylinders, as for example nine 
cylinders, the dead center positions of the pis 
tons in paired cylinders are not exactly to 
gether, 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 
plurimp aSSemblies Of FigS. I and VIII three cylin 
der discharge puff waves are supplied to the 
pump from the engine discharge manifold Sys 
tem i during each engine crank shaft revolution. 
These gas discharge waves are designed to pro 
duce by means of the pump three similar air 
CONYnpreSSion Wya,WeS in the engine intake mani 
fold system. The rising side of each exhaust 
puff wave meaSures the period during which the 
puff eXhaust gas SUurges into the pump against 
the air, though separated from it by the dia 
phragm or floating piston, and during this period 
air is compressed in the pump and discharged 
from the pUmp to a transfer conduit. The re 
Ceding Side of the pUff Wave represents the pe 
riCd during which exhaust gaSeS are released 
from the pump to atmosphere and the period 
during Which air rebounds from the transfer 
conduit into the pump to fill it preliminary to a 
new operating cycle. Thus one pump cycle may 
be said to be completed during the period spanned 
between the two points a-c in the diagram of 
Fig. III. 
. The exhaust gas distributing valves 30 and 36 
must operate on cycles which correspond with 
those of the pump, but also on cycles which in 
clude the additional phase of passing the stroke 
exhaust from each cylinder directly to the at 
mospheric discharge system 62 and 64 during 
the Second half of each engine Cylinder exhaust 
period. Likewise, each of the air valves 42 and 
43 " must complete its cycle during the period of 
the pump : cycle, but has to accomplish the addi 
tional duty of supplying atmospheric air to the 
intake manifolds during the first part of the air 
intake period of each engine cylinder. The hot 
gas and cold gas transfer valves may be rotated 
at i a speed 1/2 times the speed of the engine 
crank shaft, or at a straight fraction of such 
speed, for example with a speed %4 crank shaft 
speed in the case where each of the valves is pro 
vided with two opposite sets of ports, in place of 
the single ports possessed by the Valves illustrated 
in Figs. I and VIII. By providing the valves with 
three sets of ports the speed of the valves may 
be reduced to %2 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. 

C) As shown in Figs. I, III and IV, each of the 
valves 30 and 36 is a rotary tubular valve having 
a bore of annular cross section which opens at 
one end into the valve chamber and engine mani 
fold connected therewith, and which is closed at 
the other end by a common Cylindrical hUb join 
ing both valves to shaft 72. Each of the valves 
39, 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 cylinder arc of 
apprcximately 120°. Each of the air i 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 30 and 35 

performs three functions during one revolution. 
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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 su 
peratmospheric pressure into the pump from one 
exhaust 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 
exhaust gases to the pump and paSS stroke eX 
hatast gases fronin the same engine manifold di 
rectly through the engine muffler System to the 
outside atmosphere. In doing So the pump is 
disconnected from this same exhaust manifold 
and i enabled to perform another pumping cycle 
in connection with ai Other brach exhaust 
manifold. 

Similarly, one of the air transfer valves 42 
and 48 must operate during the first air displace 
Innent and Compression period of each pump Cycle 
to transfer compressed air from the pllmp 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 Scaveng 
ing air into the pump from atmosphere through 
the air filter 66. Simultaneously, with this 
scavenging air transfer period, the air transfer 
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 
Otheir air transfer valve must be closed to cut Off 
additional parasitic 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 
scavenging air to the pump takes place coincides 
for a Short time with the period in Which in 
take 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 

Gth Wa?WeS. 
To some extent the valve timings of a particu 

lar pump design may differ from those illustrated. 
However, the valve timings must alWays be Such 
as to avoid upsetting interference between the 
different pressure Waves by which the pump oper 
ates. Special attention must also be given to 
designing the engine discharge System so as to 
prevent the building up of a back pressure in 
Gre of the two engine exhaust manifolds par 
ticulally during periods When puff waves are be 
ing transferred from the other manifold into the 
plInp. space. The concentric discharge nozzles 

and G and the eXpanding Venturi throat - 62 
have been provided for the Specific purpose of 
p?Gimoting rapid and powerfüll scavenging of the 
pUmp System while avoiding development of back 
pressle opposing the stroke exhausts. 
The shafÈS 2 and 74 which, respectively, 

a.C?itte the hot and cold gas transfer valves, are 
supported within the valve chambers by ball 
bearingS . The bearings Supporting the Shaft 
2 for the hot gas transfer valves may be pro 

tected by Water jackets i 8 against excessive heat. 
Also, the hCGt valve shaft bearings may be pro 
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2,293,186 
tected against gas leakage by labyrinth gaskets 
80 (Fig. I). The bearings for Supporting the cold 
gas transfer valve shaft 74 may be protected 
against gas leakage by the usual type of bushings 
79 With oil sealing, which has been found to pro 
Wide Sufficient tightness for cold gaS presSuures 
never fluctuating between positive and negative 
pressure maXima of more than a feW pOUnds per 
Square inch. 
Each of the hot gas and cold air transfer Val Ves 

is shown in Figs. I, III, IV, V and VII, in the po 
sition which it aSSUmes just prior to termination 
of the displacement compression operation period 
a-b of Fig. II. During this period the hot puff 
exhaust gases from cylinder i and manifold 26 
are being transferred past valve 30 into pump 20. 
Simultaneously the valve 35 is in a position to 
transfer stroke exhaust gases from cylinder 4 
and manifold 32 directly to atmosphere through 
discharge nozzle 6 and funnel 64. At this Same 
time compressed air is being transferred from the 
pump directly through valve 43, carbureter 46, 
and air intake manifold 44, into cylinder 6. Also 
during this periCd, air transfer Valve 42 is in po 
Sition for paSSing atmospheric air through car 
bUreter ?e and manifold 33 into cylinder 2. 
The air compression chamber of pump 2 as 

viewed in Fig. I, al Ways lies to the right of piston 
22, and is of annular Cross S8ection SurrOUnding 
the stein of the piston. The volumetric displace 
ment of the pump 339, exclusive of the cubic dis 
placement of the piston, which is relatively Smail, 
is never appreciably more than sufficient to han 
dle the voluine of hot gas which is discharged 
from a, single engine cylinder during the first puff 
discharge 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 
ili Strated aS by-paSSed, reSpectively, with a pair 
of air by...pa SS conduits 84 and G. Valves 88 and 
90 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. Valves 88, 9) and 92 af 
ford the means Whereby engine 24 can be 
switched from normal operation to supercharg 
ing Qperation, 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. 
During normal operation of the engine without 
supercharging, valve 92 is closed and valves 88 
and 90 are opened for passing atmospheric air 
directly and continuously fr???n the air cleaner to 
the corresponding carbureters and engine intake 
manifoldS. 
The design of the pump -engine aSSembly illus 

trated in Fig. I is Such that the displacement face 
of the pump piston is always eXposed to the im 
pacÈS Cf the puff discharge Waves from the engine 
cylinders. The whole Systein responds more rap 
idly to switching from atmosphaeric air intake to 
supercharging When the hot gas side of the puimp 
is continuously subjected to pulsating pressure. 
If, however, the Operator daesires to silieid the 
plul Np during normal Cperation (without super 
charging) against the hot puff exhaust waves, a 
by-pass 94 Imay 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 S6 may be provided which on 
Opening by-pass the exhaust puff waves directly 
into the engine muffier. 
The diaphragm of the pump illustrated in Fig. 
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VII has been shown as slidably journaled on a 
post 45 Which is mounted on the main axis of the 
pump With its end Supported by the end walls of 
the pump. A preferred design of the single dia 
phragm piston pump, however, has been shown in 
Fig. I, in Which the piston 22 is attached 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 einds of links 68 in turn carry pins on 
which are respectively hinged two osciliating 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 togeth 
er by a retractile Spring 7. An oil-Sealed stuff 
ing boX 2 ? is mounted in am aperture in the end 
plate of the pump within which sten, 3 is re 
ciprocably journaled. 

During the compression period of each pump 
cycle all of the air which is trapped between the 
pump diaphragm and the air intake i 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 suc 
tion 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 in 
take 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 
terminate somewhere in mid-stroke, without the 
aid of a device such as the spring 70. The air 
pressure 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 diaphragm of the pumps shown in FigS. I and 
VIII, 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 im 
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 
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 p0Si 
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 pistom at the end of the 
displacement compression period, the piston Will 
start to move backward - toward the left hand 
side of its path of travel, and the tension on the 
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lating 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 º 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 de 
pending on the exact dynamics of the particular 
pump design and on the Speed of the engine and 
Climp. 
The floating diaphragms of the pumps shown 

in FigS. II, VII, X and XVI are circular metal 
discs, While the diaphragms of the pumps illus 
trated in Figs. VIII, IX and XVIII have a rec 
talingular shape. In all cases the pump dia 
phragms are dimensioned to reciprocate within 
the pump hOUSings with a definite Small clear 
ance between the walls of the housing and the 
edges Of the diaphragms. Very little leakage of 
gas occurs past the diaphragm through such 
Small clearance space during the operation of 
the pump, since the gas pressure differential be 
tween opposite faces of the diaphragm is always 
Very Small. In fact Such pressure differential is 
Only sufficient to overcome any inertia resistance 
of the fioatting diaphragm, which is kept as small 
as : possible. The displacement pumps are pref 
erably 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 Iminimum. This construction also has the ef 
fect of magnifying any motive force impresseoa 
On the diaphragm and giving instantaneous re 
Sponse of the diaphragm to any gas pressure dif 
ferential impressed thereon. 

In the pump modification which is illustrated 
in Figs. VT III and IX, the sheet metal diaphragm 
TT has its ends rigidly attached to the shell of 
the pump and has sufficient elasticity to provide 
for a Self-flexing operation between the full line 
position and the dotted line position. The meth 
od of Suspending the ends of the diaphragm with 
reSpect to the pump housing of Figs. VIII and 
IXK 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 double pump assembly which is illus 
trated in Fig. XVIII, the floating pistons of both 
pumps are flaps 97 Suspended on a common os 
cillatory Shaft 98. In this design, as in all dou 
ble pump designs, the air and energizing gas in 
take and exhaust ports of the two pumps are 
arranged at opposite sides of the respective pump 
pistons in order that each pump, when operat 
ing on the compression period of its cycle, will 
effect automatic scavenging of the other pump 
during the Scavenging period of its cycle. In 
the tandem pumps which are illustrated in Figs. 
X to XVI and XVIII, the energizing gas intake 
ports may be located either at adjacent ends of 
the two pumps or at opposite side covers of the 
two pumps. 

In the apparatus assemblies which are illus 
trated in Figs. i X, XI, XVI and XVIII, two dis 
placement pumps are mounted in tandem with 
their floating pistons connected by a common 
stem and interlocked for reciprocation in unison, 
The two pumps are designed for operation on 
alternate cycles, so that the displacement period 
in the operating cycle of one pump coincides 
With the air scavenging period in the cycle of the 

spring then comes into action to draw the Oscil- 75 other pump, the interlocked piston functioning 
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to make both the displacement and the ScaVeng 
ing entirely positive. Each pump is operatively 
connected to only one of the two exhaust mani 
folds of the six cylinder engine, So that each 
pump performs only half the number of cycles 
that are required of the singlie pump in the as 
semblies illustrated by Figs. I and VIII. In other 
words, each pump of the double pump aSSem 
blies illustrated performs a number of Cycles COir 
responding to l % engirae crank Shaft Speed (aS 
compared to a pump Cycle Speed three time:S 
crank shaft speed ior the single pump aSSembly 
of Figs. I and V?i), 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. ŽK, XII and 
XVI and XVIII, exhaust manifold 28 (for Cylln“ 
ders , 2 and 3) is in open and constant COnii 
munication with one of the pumps 2 by means 
of a hot gas transfer conduit 5 l; While the other 
exhaust manifold 2 (for cylinders 4, 5 and 6) is 
im open and constant communication With the 
other pump 20, by means of a separate hot gas 
transfer conduit 53. The fioating pistons 22 for 
the two pumps are preferably light alloy imetal 
discs rigidly mounted on a common stem 61 
which is, in turn, reciprocally supported by lubri 
cated bushings and stuffing boxes 2 i Which aire 
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. XK, XII and XVIII are dis 
posed in tandem within a Single housing, On Cup 
posite sides of an inclined partition 103. In Fig. 
XVII, the two pumps are arranged in tandem, 
each pump within its individual housing. 
Manifold 26 is ported out (FigS. X, XII and 

XVII) at 2 into the housing of a cylindrical gas 
discharge valve 3 ; and manifold 32 is similariy 
ported out at 33 into the housing of a cylindrical 
gas discharge valve 37. Transfer conduits 5 i 
and 53 are ported out into the respective plumps 
with which they communicate at adjacent ends 
of the two pumps (Fig. XKVI) ; or, in the case of 
Figs. IX, XII and XVIII, at symmetrical pointS 
located at opposite sides of partition l 99. 
One engine intake manifold 38 (for cylinders 

I, 2 and 3) is shown as connected through a car 
bureter 40 to the housing of a single-ported tubu 
lar 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 connected to 
the respective displacement pumps 20 by air 
transfer conduitS 55 and 5. It Will be nOted 
that hot gas transfer conduitS is and 53 are 
ported out into the respective pumps 29, with 
which they cOnlinnUnicate, at adjacent Sides Of 
the pnp pistonS 22; and that the air Or cold 
gas transfer conduits 55 and 5 are ported Out 
into the respective pumps at the remote sides of 
the cO'reSpOnding pump pistonS. 

Concentric gas ejector nozzles 60 and 53 are 
connected respectively to the housing of hot gas 
discharge control valves 3. I and 37 and afford the 
means by Which gas may be discharged from the 
exhaust manifolds, and the pumps connected 
thereWith, to atmosphere by Way of the Venturi 
throat 62 and muffler 64. 

Fach 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 
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2,293,186 
are mounted to respectively control transfer of 
atmospheric air for scavenging the pumps from 
an air intake filter 66 to one of the conduits 5 
and is, while blocking transfer of atmospheric 
ar to the other transfer conduit. 

in the apparatus of Figs. X, XI, X??, žKIV and 
XV, conduits 55 and 57 are forked. The main 
forks of the respective conduits lead directly 
from the pumps to the corresponding atmOS 
pineric air control valves 63, 65. The other forks 
82 (of conduit 53) and S 9 (of conduit 37) branch 
out of the main fork at points near the pump and 
lead up to the ports of transfer valve 43, 43. 
A pair of air by-pass chambers 83 i and 83 has 

been iliustrated in Figs. XK and XVII. These by 
pass chambers are ported out at each Side of air 
filter 3. Communication between chamber 8 i 
and intake manifold 38 is under the control of 
valve ?3, while communication between chamber 
33 and ühe intake manifold 44 is unde?' the con 
trol of valve 43. For supplying atmospheric air 
to the intake manifolds of the engine throughout 
the eintire air intake period, in case pumps 20 are 
not operatively connected to deliver supercharge 
air during part of the intake period, by-pass 
pipes 85 and 87 are provided, respectively con 
necting chambers 8 and 83 to the intake mani 
folds 38 and 44, bypassing valves 43 and 49. A 
butterfiy valve 89 is mounted in pipe 85, and a 
Similar valve S f is mounted in pipe 8i. A valve 
33 is mounted in fork 82 of the air transfer con 
duit öö (Fig. XV) , aId a Similar valve 95 is 
Imouted in fork 99 of air transfer conduit 57 
(FigS. XK, XIII) . ValWeS 93 and 95 When closed 
block transfer of compressed air from the pump 
to the engine intake manifolds. Valves 89, 9 , 
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 valves 93 and 95 are open. Dur 
ing normal operation of the engine without 
SUpercharging, Valves 93 and S5 are closed and 
valves 89 and 9 are open. 

Hot gas transfer valves 3 í and 37 (Figs. X, XII 
and XVII) are mounted on a Single drive Shaft 7 f. 
Likewise, air or cold gas control valves 3, 49, 6 
and 35 are all mounted on a single drive Shaft 73. 
Shafts ; il and 3 are operatively connected for 
actuating all of the hot gas and air transfer con 
trol valves directly from the crank shaft of the 
internal combustion engine. The shaft T ? for the 
hot gas valves is supported within the valve 
Chambers by ball bearings F5, and these ball bear 
ings are protected by water jackets i 8 against 
eXCeSSive heat (Fig. X). Also the hot valve shaft 
bearings are protected against gas leakage by 
labyrinth gaskets 8. The bearings for support 
ing the air or cold gas transfer valve shaft 73 
are protected against gas leakage by the usual 
type of bushings # 9 with oil sealing. 

In the Schematic assembly of two displacement 
pumps and six cylinder engine shown by Fig. 
XVIII, hot gas transfer control valves have been 
Omitted, and in place thereof there have been 
Substituted a pair of gas ejector nozzles 59 and 6 
of predetermined restricted cross-section, which 
may be located in the same relative position as 
are the gas discharge nozzles 53 and 60 of the 
aSSembilies portrayed in Figs. IX, XII and XXVI. The 
modified aSSembly, which is illustrated in Fig. 
ŽKVIII, has been particularly designed for Oper 
ation at Substantially constant speed. The cross 

Single-ported tubular valves. Valves 63 and 65 75 sectional area of each of the discharge nozzles 59 
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and 6 is so chosen as to just handle the volume 
of gaS discharged from an engine cylinder during 
the exhaust period without developing Substan 
tial back pressure during the stroke period of the 
exhaust. Consequently, because of the restricted 
area of these nozzles 59 and 6 I, they have a con 
siderable blocking effect , against the Strong puff 
exhaust WaVe Which exits from an engine Cylin 
der during the first or puff period of the exhaust 
cycle. AS a result of the partial blocking effected 
by nozzles 59 and 6 f, a supercharging pressure of 
moderate intensity is impressed on the piston of 
Whichever One Of the pumpS , iS . Connected to time 
manifold receiving that particular puff discharge 
Wave. The reduction in compression efficiency 
or intensity which is obtained by the design of 
Fig. XVIII, in comparison with the assemblies 
of Figs. IX, XII and XVI, may in some cases be 
justified by the greater simplification of appa 
ratus which result from the elimination of the 
hot gas transfer control valves. 
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Each of the hot gas and cold air transfer valves 
is shown in Figs. X to XV, inclusive, in the posi 
tion which it assumes just prior to termination b 
of the displacement conpression Operation period 
a-b of Fig. II. During this period the hot puff 
exhaust gases from oile of the eigine cylinderS, 
for example cylinder , are being transferred di 
rectly from:n manifold 2G into the pump 2 which 
is connected with that manifold. Simultaneous 
ly, Valve 3i is in position to transfer Stroke eX 
halust gases from cylinder 4 and manifold 32 di 
rectly to atmosphere through discharge nozzle 58 
and funnel 62. At this same time, compressed 
air is being tiransferred from the ciharimber in the 
same pump at the opposite side of the piston di 
rectly past valve 49, carbureter 46 and air intake 
manifold 44, into cylinder 6. Also during this 
period, air transfer Valves 53 and 65 are in posi 
tion for passing atmospheric air from air cleaner 
6ô through transfer conduit i 55 into the air 
chamber side of the second pump connected with 
manifold 2 during the scavenging period of the 
cycle of this Second pump. 

Positive scavenging of the , displacement pump 
with a fresh charge of air during the last part 
of each pump cycle is assured by providing the ' 
pump piston with a spring fly-Wheel construction 
Such as shown in Fig. I, or by connecting the 
piston with the piston of another pump (FigS. X, 
XI, XVI, XVIII and XVIII) in such a manner that 
the first piston is moved on a suction stroke by 
the second piston operating on its displacement 
stroke. The discharge nozzles 58 and 6 are dis 
posed in concentric relation at the entrance of 
the Venturi funnel G2 to a SSist Scavenging of the 
pumps by applying the suction aspiration effect 
of a jet of engine exhaust gases discharged di 
rectly from one engine exhaust manifold to at 
mosphere through one of said nozzles during the 
stroke exhaust period of an engine cylinder con 
nected to said manifold for promoting develop 
ment of SUction in the pump Connected to the 
other exhaust nozzle during the Scavenging period 
of the pump cycle. Any interference to pump 
scavenging which may be offered by air cleaner 66 
may be compensated by mounting a fan 102 (Fig. 
XVII) at the entrance of the air cleaner to SUpply 
air thereto Under Slight pressure. 
The invention having been thus described, what 

is claimed as new is: 
1. In compressing and pumping air, the StepS 

comprising moving combustion gases under Super 
atmospheric pressure in a confined Stream in 
pressure waves following each other at substan 
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tially uniformly spaced rapidly repeated inter 
Walls, during an interval between successive wave 
peakS trapping a body of air in a compression 
vessel at substantially atmospheric pressure, dur 
ing the period of the next wave peak introducing 
gas from said stream into one end of said vessel 
thereby compressing the air by a pressure balanc 
ing displacement operation, mechanically absorb 
ing part of the energy carried into the vessel by 
Said COmbustion gases, discharging the com 
preSSed air from the veSSel While trapping the 
gas against escape therefrom and expanding the 
gas trapped therein to Substantially atmospheric 
preSSure, developing a partial vacuum by dis 
charging gas from said stream directly to at 
moSphere in a high velocity eXpanding column 
during an interval between wave peaks immedi 
ately following the displacement compression 
step, and utilizing a partial vacuum and mechani 
Cally abSorbed energy to Scavenge the Wessel with 
a fresh Supply of air at atmospheric pressure be 
fore repeating the cycle. 

2. In gas pumping apparatus, a pump chamber, 
a diaphragm mounted within said chamber for 
reciprocation therein in response to slight gas 
preSSure differentials at opposite sides thereof, a 
Source of fixed gaS under pulsating Superat 
mospheric pressure, means permitting discharge 
of gas directly from said source to atmosphere 
at a restricted rate, a conduit communicably con 
necting the pump at one side of said diaphragm 
With said gas Source, a branched conduit communi 
cably connecting the pump at the opposite side of 
the diaphragm both to atmosphere and to a com 
pressed air chamber, valve mechanism mounted 
for controlling supply of atmospheric air. to and 

- delivery of compressed air from the pump 
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through the branched conduit, and valve actuat 
ing and timing means - for operating said valve 
mechanism at a rate proportional to the interval 
between pressure peaks at the gas source. 

3. Apparatus as defined in claim 2, in which 
the means permitting discharge of gas from said 
Source to atmosphere includes a valve, said valve , 
being arranged for periodically interrupting com 
munication between said source and atmosphere. 

4. In gas pumping apparatus, a pumping vessel, 
a diaphragm mounted within said vessel for re 
ciprocation therein in response to slight gas pres 
sure differentials at opposite sides thereof, a 
source of fixed gas under pulsating superat 
mospheric pressure, a valve chamber having a 
Valve moUnited therein, a discharge nozzle leading 
off from said valve chamber to atmosphere, a 
conduit communicably connecting the pump at 
One side of said diaphragm with said valve cham 
ber, a connection between the valve chamber and 
the gas source, said valve being arranged for 
periodically Switching communication between the 
gaS SOurce and pump and between the pump and 
atmosphere, a branched conduit communicably 
connecting the pump at the opposite side of the 
diaphragm to atmosphere and to a compressed air 
chamber, and valve mechanism mounted to con 
trol alternate supply of atmospheric air to and 
delivery of compressed air from the pump through 
the branched conduit, together with valve actu 
ating and timing means for operating the respec 
tiVe Valves at a rate proportional to the interval 
between pressure peaks at the fixed gas source. 

5. In gas pumping apparatus, a wall-enclosed , 
pump housing of relatively large cross-section 
and short length, a diaphragm mounted trans 
versely in the housing for reciprocation therein 
in response to slight gas pressure differentials at 
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opposite sides thereof, a source of fixed gas under 
pulsating Superatmospheric pressure, a gaS trans 
fer connection communicably connecting Said gaS 
source and the interior of the pump housing at 
one end thereof, a Waste gas discharge conduit 
leading off from the gas source to atmosphere, 
valve mechanism arranged to control discharge 
of gas from the source and from the pump to at 
mosphere through the Waste gaS discharge Con 
duits, a forked air transfer connection ported out 
of the pump through its other end wall, and a 
pair of valves mounted to respectively control 
introduction of atmospheric air into and removal 
of compressed air from the pump through Said 
air transfer connection. 

6. A gas pump as defined in claim 5 in which 
the valve mechanism which is arranged to control 
discharge of gas from the source and from the 
pump to atmosphere is so positioned and ar 
ranged as to also control transfer of gas betWeen 
the source and the pump. 

7. Apparatus as defined in claim 5 together 
with a second source of fixed gas under pulsating 
pressure, branches of said gas transfer conduit 
and waste gas discharge conduit respectively con 
necting said second source with the pump and 
with atmosphere, and a pair of Valves mounted 
and arranged to respectively control transfer of 
gas between each source and the pump and be 
tween the source and the pump and at InoSphere. 

8. Apparatus as defined in claim 5 in which 
the pump is cylindrical, and in which the dia 
phragm is a circular disc piston rigidly mounted 
on the end of a stem which is reciprocably jour 
naled in an aperture in one end of the pump, to 
gether with a spring fly wheel mechažnism con 
nected to the piston stem in position tending to 
move the piston toward the gas transfer end of 
the pump during the air scavenging period of the 
pump cycle. 

9. In compressing and pumping air the steps 
comprising, producing filow of air from atmos 
phere in a, confined stream, periodically intro 
ducing air at substantially atmospheric presSuure 
into contact with one side of a flexible diaphragm 
and trapping air thus introduced while increas 
ing its pressure by movement of Said diaphragm, 
thereafter releasing air thus cCºmpresSed irato Said 
stream to increase the rate of flow in the direc 
tion of stream flow, causing energy-supplying gas 
to flow under superatmospheric preSSUlt’e in a 
confined path in pulsating presSlie WaWeS, ap 
plying such gas pressure waves to the other Side 
of said diaphragm to move the same and ilimpart 
pressure energy therethrough to trapped air, 
mechanically absorbing and storing SOme of the 
energy thus imparted to the diaphragm, and be 
tween pressure waves expanding gas from Said 
gas stream to atmosphere and utilizing mechani 
cally stored energy to assist return of the dia 
phragm to its original position. 

10. An air compressing and pumping operation 
comprising setting up flow of air from attinn OS 
phere in a confined stream, introducing air at 
substantially atmospheric pressure into contact 
with one side of a movable partition and trap 
ping air thus introduced while increasing its 
pressure by movement of Said partition, there 
after releasing air thus compressed into Said 
stream to increase the rate of setting up flow of 
a second stream of gaseous products of combus 
tion under Superatmospheric presSuure in a con 
fined path, contacting pressure gas from Said 
second stream with the other side of said parti 
tion thereby displacing the same and imparting 
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2,293,186 
pressure energy therethrough to the trapped air, 
trapping the pressure gas in contact With the 
partition during the displacing and air release 

| operations, and after each period of compreSSed 
air relea.Se eXpainding gas frorn Said Second 
stream to atmosphere and returning the parti 
tion to substantially its original position pre 
liminally to a new cycle. 

ill. A displacement pump comprising a Wall 
enclosed hollSing of relatively large croSS-Sec 
tion and Short length, a diaphragm partition 
mino United transversely in the housing between the 
ends thereof for reciprocation therein in response 
to slight pressure differentials betWeen opposite 
sides thereof, a source of energy supplying fiuid 
Under pulsating Superatmospheric pressure, a 
continuously open, reStricted outlet from Said 
Source to atmosphere, a fluid transfer connection 
communicably connecting said fluid source and 
the interior of the pump housing at one end 
thereof, connections for introducing a Second 
fluid to be pumped into, and for removing said 
fluid from, ühe other end of the housing, and 
Valve mechianism arranged to respectively con 
trol introduction of fluid into, and removal from, 
the pump through said Several connections. 

2. In compresSing aind pumping air the steps 
cornprising setting up flow of combustion gases 
LInder Superatmospheric preSSUare in a Confined 
stream in pressure waves following each other at 
Substantially uniformly Spaced rapidly repeated 
intervals, during an interval between successive 
Wave peaks trapping a body of air at one side at 
a diaphragII) partition at substantially atmos 
pheric pressure, during the period of the next 
Wave peak impressing said gas stream against 
the other side of Said partition thereby moving 
the partition ahead of the advancing gas wave 
and Comp1’eSSiKg the air by pressure balancing 
displacement, mechanically absorbing part of the 
energy imparted to the partition by said combus 
tion gases, discharging the compressed air ahead 
of the advancing partition, between wave peaks 
discharging gas from the gas side of the partition 
to atmosphere to relea.Se presSuure on the parti 
tion, and utilizing mechanically absorbed energy 
to assist in returning the partition to its original 
position preparatory to a new cycle. 

13. In coimpressing and pumping air the steps 
comprising, setting up flow of energy Supplying 
gas in a confined Stream from a Source there 
of under pulsating superatmospheric pressure, 
building Up pressure waves in Said stream follow 
ing each other With a frequency corresponding 
to the firequency of the source pulsations, be 
tween Wave peaks trapping air to be compressed 
at loW pressure in contact with one side of a 
moVable diaphragm, impressing the following gas 
preSSUire Wave against the other side of the dia 
phragm thereby mCVing the diaphragm ahead 
Of the advancing gaS Wave and compressing the 
air by pressure balancing displacement, discharg 
ing air thus compressed ahead of the moving dia 
phragm and betWeen, wave peaks discharging gas 
from the gas side of the diaphragm to atmos 
phere to thereby release pressure on the dia 
phragm, aid returning the diaphragm to its 
original position preparatory to a new cycle. 

l4. The method which is defined in claim 13 
in Which the flow of energy Supplying gas is di 
rected to atmosphere through a back pressure 
building flow restriction, 

15. The method of Operation as defined in 
claim 13 in which the compressed air is dis 
charged into a confined moving stream thereof 
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under lower average perssure thereby building 
up pressure Waves in Said air stream of the same 
frequency and substantially the same magnitude 
as the pressure waves in the gas stream. 

16. In gas pumping apparatus, a wall enclosed 
pump housing of relatively large cross section 
and short length, a diaphragm partition mov 
ably mounted transversely in the housing for re 
ciprocation therein in response to slight gas pres 
sure differentials at opposite i Sides thereof, a 
Source of fixed gas under pulsating Superatmos 
pheric pressure, a gas transfer connection com 
municably connecting said gas source and the 
interior of the pump housing at one end thereof, 
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ing, valves arranged to control transfer of gas 
between the source and the pump and between 
the pump and the Waste gas discharge conduit, 
valved connections for delivering atmospheric air 
to, and for removing compressed air from, the 
pump at the other end thereof, and Valve actuat 
ing and timing mechanism for operating the re 
spective valves at rates proportional to the in 
terval between pressure peaks at the pulsating 
pressure gas source. 

17. Gas plumping apparatus as defined in claim 
16 together With a second source of gas under 
pulsating pressure and a valve controlled con 
nection between said second gas source and the 

a waste gas discharge conduit communicably 15 pressure gas side of the housing. 
connected with the pressure gas side of the hous JOHANN J. WYTDLER. 
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