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OSCILLATING PISTON APPARATUS 

RELATIONSHIP TO CO-PENDING APPLICATION 

The present application is a continuation-in-part of 
my co-pending application entitled “Oscillating Piston 
Apparatus," ?led Mar. 5, 1971, Ser. No. 121,371, now 
abandoned. ' 

BACKGROUND OF THE INVENTION 

The apparatus herein relates to an oscillating piston 
and cylinder construction which may be used as a 
pump, such as is described in my US. Pat. No. 
3,489,335 granted Jan. 13, 1970 or as a gas analyzer 
mechanism such as is disclosed in my US. Pat. No. 
3,516,745 granted June 23, 1970 or as part of an en 
gine such as is described in my application, Ser. No. 
861,256 ?led Sept. 26, 1969, now US. Pat. No. 
3,583,155, or other devices which utilize thermal en 
ergy for power. The apparatus herein is a simpli?cation 
of and in some directions an improvement of the equip 
ment described in the foregoing patents and applica 
tions. 
More speci?cally, the present invention provides 

some preferred forms of heat transfer surfaces for driv 
ing a moving part, e.g., a piston, whereby the heat 
transfer surfaces are in structures that are relatively ef 
ficient and compact. Means are also provided for elimi 
nating some or all of the valves and other pieces of 
mechanism which were utilized in the above 
mentioned equipment for restricting ?uid ?ow into a 
heating chamber and for positioning the center of pis 
ton oscillation. 

SUMMARY OF THE INVENTION 

Summarizing, the invention herein contemplates 
forming a number of elongated passageways, each 
opening into a drive chamber near one face of a mov 
ing oscillating wall of the chamber, which may be 
formed by a piston face. Each of the passageways is 
heated and the drive chamber is cooled whereby a tem 
perature gradient exists between the drive chamber and 
the passageways. A compressible ?uid, such as air, is. 
forced by the piston face into and through the passage 
ways. The ?uid is heated in the passageways and is re 
turned back to the drive chamber to drive the piston in 
one direction. Simultaneously, the piston compresses 
the ?uid at its opposite face and the compression of‘ 
fluid in this opposite chamber of the cylinder in which . 
the piston oscillates‘causes the piston to rebound or re 
turn. Fluid entering the drive chamber during the oscil 
lation cycle is simultaneously cooled to assist in driving 
the piston in the other direction to thereby regularly re 
peat the cycle of piston and gas movement. 
By using long passageways, heated near one end and 

cooled near their openings into the drive chamber for 
providing a difference in temperature between the pas 
sageways and the drive chamber, thermopneumatic en 
ergy is thereby provided to sustain the natural reso 
nance or oscillation of the piston between the gaseous 
compression springs at opposite faces of the piston, 
without the need for additional valving and other me 
chanical controls. A sealing action of the piston against 

> side walls of the cylinders separates the gaseous com 
pression springs and the mass of the piston decreases 
the resonant frequency to improve the efficiency and 
power of the device. 
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2 
These and other objects and advantages of this inven 

tion will become apparent upon reading the following 
description, of which the attached drawings form a 
part. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic, elevational, cross-sectional 
view of the oscillating piston apparatus; 
FIG. 2 is a cross-sectional view taken in the direction 

of arrows 2--2 of FIG. 1; 
FIG. 3 is a top or plan view of the piston taken in the 

direction of arrows 3-3 of FIG. 1; 
FIGS. 4~ll, inclusive, show successive positions of 

the piston during one cycle; 
FIG. 12 is an elevational, schematic, cross-sectional 

view of a modi?cation; 
FIGS. 13-17 each illustrate schematic, 

sectional views of different modi?cations; and 
FIG. 18 is a cross-sectional view of a novelty device 

utilizing the principles of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGS. l~3, the oscillating piston appara 
tus 10 is formed of a closed cylinder 11 containing a 
free piston 12. The piston has an upper drive face 13 
formed with integral, wedge-shaped ?ns 14. The oppo 
site piston face 15 forms a compression face. Free pis 
ton 12 can be considered as having an integral form 
that has substantially the same cross sectional dimen 
sions and working area throughout its length. 
The piston 12 divides the cylinder into an upper; 

drive, cooling chamber portion 16 and a lower, com 
pression chamber portion 17 which are normally sepa 
rated from each other by a seal formed between the 
side walls of cylinder 11 and piston 12. The upper and 
lower faces of piston 12 can be considered as moving 
walls of variable volume chambers having ?xed wallsv 
de?ned by the upper and lower portions of cylinder 11. 

The upper end or head 18 of the cylinder located 
above the upper chamber, is formed with a passageway 
means comprising a number of heated elongated pas 

' sageways 19, having closed upper ends and lower ends 
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20 which open into the upper chamber 16 with ?ared 
or outwardly wedge-shaped openings to provide 
greater surface area for ‘cooling. The lower ends‘ 20 cor 
respond in shape to the wedge-shaped ?ns 14 on the 
piston 12, to form mating variable geometry cooling 
passageways. Alternatively, the upper drive face 13 of 
the piston may be ?at and the lower ends 20 of the pas 
sageways 19 not ?ared or wedge-shaped. The passage 
way lower ends 20 variably exposed by the ?ns 14 of 
piston 12 serve as passageway means for cooling heated 
gas ?owing into drive chamber 16. , 
The upper or closed ends of the passageways 19 are 

heated by means of a suitable, independent heating 
mechanism, such as a heating tube 21 for carrying a 
heated ?uid through exterior pipes 22 from a suitable 
external heater 23. The heating mechanism may be var 
ied and its speci?c construction forms no part of the in 
vention herein. A lower heating tube 21a may also be 
included to supply heat some distance below the upper 
ends of the passageways. 
The lower end portions or open ends 20 of passage 

ways 19 are cooled by cooling tube 24, connected by 
exterior pipes 25 to an externalcooling device 26. An 
other cooling tube 24a, at thebottom of the ?ared ends 
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20, may also be included for better cooling. Also a third 
cooling tube 24b, arranged in the cylinder wall, may be 
used to cool the cylinder wall surface in the region tra 
versed and variably exposed by the upper drive face 13 . 
of the piston. The form of the cooling device is not part 
of the invention and may be varied. The object here is 
to provide one or more heated passageways opening 
into a cooled chamber containing the piston face, such 
that the drive chamber has one or more variably ex 
posed cooled passageways. The cooled and heated pas 
sageways are formed of a heat conductive material so 
that there is a temperature variation between the 
heated passageways and the cooled drive chamber in 
cluding the cooled passageway openings. Preferably an 
‘insulating layer 27 is provided between the wall por 
tions de?ning upper and lower parts of the passageways 
to reduce wasteful heat ?ow. More than one insulating 
layer may also be used, forming a somewhat laminated - 
structure. Instead of being straight and arranged in par 
allel, the fins and passageways may be arranged in 
other con?gurations, e.g., the passageways and fins 
may be circular and arranged in concentric rings. The 
passageways may, in the alternative, be outside of the 
cylinder and enter the drive chamber via-a port in the 
side wall of the cylinder. 
The upper chamber 16 is connected to the lower cyl 

inder chamber 17, around the piston, by a shunt pipe 
28 containing an upper, normally closed valve 29 and 
a lower, normally closed valve 30, in turn connected to 
a gas or air inlet 31. 
Valves 29 and 30 are made of a conventional wafer, 

ball, or similar type of pressure closing valve, of the 
type which is essentially sealed when closed. However, 
the valves are generally formed so that they do not 
tightly close at relatively low pressure differential but 
permit some leakage through them. Leakage through 
valves 29 and 30 decreases substantially to zero as the 
differential pressure across each valve increases. _ 
The valves 29 and 30 permit a small upward ?ow of 

gas around the piston. When the piston moves up, some 
gas may leak through the valve 29 to pipe 31. When 
piston 12 is near the top of its stroke, a small amount 
of gas enters into the lower chamber 17 due to the 
valve 30 opening. On the piston downstroke, valve 30 
closes whereas gas may enter through valve 29. Due' to 
the weight of the piston, there'is a little less gas, and a 
little higher compression ratio, below the piston than. 
above it. Thus, gas tends to flow upwardly around the 
piston, and is replaced by a net- intake of gas through 
valve 30 and a net leakage through valve 29. If piston 
12 drifts too low, the higher compression ratio below, 
its lower face causes upward movement of the piston, 
whereby more gas is drawn through valve 30. 
To start the reciprocation or oscillation of piston 12, 

a starting mechanism is necessary. This is schematically 
illustrated as starter 32, including an external cylinder 

, 33 connected by a pipe 34 into the lower chamber 17 
of the main cylinder 11. A piston 35 connected to a pis 
ton rod 36, which is moved back and forth (left to right 
and vice versa as illustrated) by a suitable drive mecha 
nism (not shown) to draw gas through valve 30 into the 
cylinder 33 and to move gas from the cylinder 33 into 
the chamber 17 and vice versa to force the piston 12 
to move up and down. Once the piston 12 begins mov? 
ing due to the full operation of the heating device 23 
and cooling device 26, the starter is deactivated and 
positioned close to chamber 17, i.e., at the extreme left, - 
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4 
as viewed in FIG. 1. Usually a single cycle of the piston 
35 is sufficient to initiate oscillation. 
The oscillation of piston 12 at a particular frequency 

is determined by a number of factors, including: the in 
ertia or mass of piston 12 and the effect of pneumatic 
springs formed by the gases compressed by the upper 
and lower faces of piston 12 while the piston is oscillat 
ing. The means for sustaining‘ oscillation includes these 
factors and further includes: the thermal lag properties 
of the passageway means, i.e., the time or portion of an 
oscillating cycle of piston 12 for the maximum and min 
imum gas temperatures to occur after maximum and 
minimum compression of the gas in the chamber 
formed by the passageways and the upper face of pis 
ton 12; the amount of heating of gas in passageways 19; 
the amount of gas cooling in drive chamber 16. It is to 
be noted that the net flow of cool ?uid (?uid colder 
than the temperature of the hot walls of the passage 
ways 19) that ?ows or is induced to ?ow into passage 
ways 19, by the upper face of piston 12, while the pisv 
ton is approaching the passageways, is primarily and 
directly responsive to pressure variations in this ?uid. 
Further, the pressure variations in the fluid being com 
pressed into passageways 19 is primarily and directly 
responsive to the changes in the volume of the chamber 
defined by the upper face of piston 12 and the passage 
ways 19, which changes in volume are caused by the 
moving chamber wall comprised of the upper face of 
piston 12. - 

OPERATION 

FIGS. 4-11, inclusive, show successive steps in one 
cycle of movement of the piston 12. Starting with FIG; 
4, the piston is shown in its bottom, dead center pos 
tion. At bottom dead center, the gas below the piston 
in the compression chamber (see arrows) pushes the 
piston upwardly with greater force than is exerted 
against the upper face of the piston by the expanded, 
cooling gas in the drive chamber. 
FIG. 5 ‘shows the piston moving upwardly under the 

rebound of the compressed gas in the compression 
chamber and driving the still cooling gas upwardly into 
the passageways 19. 
FIG. 6 shows the piston in the top dead center posi 

tion, wherein the pressure of the gas below piston 12 is 
less than the pressure of the gas above the piston and 
the gas above the piston is being heated and beginning 
to return downwardly from the upper closed ends of 

. the passageways l9. . 

FIG. 7 shows the gas, while still being heated in the I 
passageways l9 expanding from the passageways into 
the upper, drive chamber to force piston 12 down~ 
wardly with the piston compressing the gas below it. in 
response to the expanding gas above the piston. The ex 
panding gas above piston 12 is simultaneously being 
cooled at the lower or outlet ends of passageways 19. 

In FIG. 9, piston 12 is about one-half way down, and 
the force of the gas being compressed beneath the pis 
ton is increasing while the force of the gas above the 
piston is decreasing due to the increased volume of the 
drive chamber and the decreased volume in the lower 
chamber, as well as the cooling of the gas in the drive 
chamber. 

FIG. 10 shows the piston about three-quarters of the 
way down with the pressure of the compressed gas 
below the piston now exceeding the pressure of the 
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cooling gas above the piston so that the speed of the 
piston decreases. 
FIG. 11 shows piston 12 at its bottom position again, 

with the compressed gas below the piston now pushing 
the piston upwardly against the decreased pressure of 5 
the cooling gas above the piston; at this time the pres 
sure above piston 12 is considerably less than the pres 
sure below the piston. Thereafter, the cycle repeats 
with the piston rapidly oscillating or reciprocating up 
and down during the repetition of each cycle. 

MODIFICATION FIG. 12 

FIG. 12 shows a modi?cation wherein the cylinder 
head 18a is arranged to one side of the top of cylinder 
11a and opens into the top of the cylinder through a 
nozzle like opening 40. The piston 12a may have a 
smooth or flat top. The fins may be omitted whenever 
significant power or amplitude of oscillation is not re 
quired. The cylinder wall is cooled by cooling tube 24b. 
The operation and construction is otherwise the same 
as that described above in connection with FIG. 1. By 
locating the passageways 190 off to one side of the cyl 
inder, a single set of passageways can be used to syn 
chronously drive more than one piston (see FIG. 14, 
below). Also, without the ?ns, the cylinder is clear for 
use as a variable volume optical chamber gas analyzer 
by providing the necessary transparent windows in the 
cylinder either above or below the piston as is de 
scribed in my prior US. Pat. No. 3,516,745 of June 9, 
1970. 

MODIFICATION FIG. 13 

25 

30 

FIG. 13 shows a construction having a pair of side - 
cylinder heads 18b, 180, each having heating tubes 21 
and 21b, as described above. The cylinder heads open 
through nozzle-like openings 41, into the cylinder 11b, 
above and below the piston 12b. The pistonhas upper‘ 
and lower fins 42 which mesh with ?xed cooling fins 43 
having cooling pipes 24c. Thus, the piston 12b is posi 
tively driven in both directions so that the opposite 
faces of the piston can be considered as opposed mov 
ing walls of a pair of chambers, which walls have a rela 
tive phase displacement of 180°. 
FIG. 13 also shows check valves 29 and 30 polarized 

to pass air into the chambers above and below piston 
12b for positioning the center of piston oscillation. Ad 
justable, spring biased, ?ow limiter valve 29a passes an 
adjustable amount of air to a load (not shown) only 
when the pressure in the upper cylinder chamber is 
greater than load pressure by a small amount deter 
mined by the position of spring 290. Check valve 29b 
keeps air from returning from the load. Check valves 
29a and 29b can control the pumping power supplied 
to a load so that piston 12b is not stalled. 

MODIFICATION FIG. 14 

FIG. 14 shows another modification wherein the cyl 
inder head 18d, which has the same con?guration as 
those shown in FIGS. 12 and 13, has a ?uid flow path 
into the center of the cylinder 116 through nozzle-like 
opening 45. A pair of pistons 12c, 12d, each having ?ns 
46 on their inner faces, mesh with spaced apart central 
cooling fins 47-48, having integral cooling pipes 24d. 
The two pistons are synchronized to move in opposite 
directions at all times. That is, pistons 12c and 12d are 
driven apart by the cooling gas located between them, 
and rebound towards each other by the gas which they 
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compress at the opposite ends of the cylinder. Synchro 
nizing oscillation of the two pistons in this manner can 
essentially eliminate vibration of the device. More than 
two pistons can also be synchronized in this manner. 
Also an additional set of cooling ?ns in, and heated pas 
sageways opening into, each compression chamber, 
can be added for additional power. The facing faces of 
pistons 12c and 12d can thereby be considered as syn 
chronized moving walls of a variable volume chamber. 
The chamber walls move toward each other to com 
press gas fed into passageways of cylinder head 18d and 
move away from each other to expand the chamber 
volume in response to heated gas being ejected from 
the passageways. 

MODIFICATION FIG. 15 

FIG. 15 illustrates a modi?cation which is similar to 
that shown in FIG. 1 above, except that an additional 
piston l2e is added at the upper end and passageways 

, 19 are not closed at one end. Thus, the cylinder lid is 
elongated upwardly, as are the passageways 19. The 
cooling tubes 24 and 24a and the heating tubes 21 and 
21a are duplicated and a second insulating or thermal 
barrier 27a is provided. The upper piston 12s is pro 
vided with ?ns, as in FIG. 1, to mesh with the ?ared 
upper ends of the passageways 19. The operation is the 
same as that described above in connection with FIG. 

1, except for the driving of two pistons l2-l2e, instead 
of the one piston as illustrated in connection with FIG. 
1. Alternatively, the stationary and moving ?ns may be 
omitted but the drive, chamber walls would neverthe 
less be cooled. Gases ?owing in the upper and lower 
portions of passageways 19 in response to oscillation of 
pistons 12 and l2e have a tendency to remain separate 
from each other even though there is no mechanical 
obstruction across the passageways. I ‘ 

MODIFICATION FIG. 16 

FIG. 16 illustrates an oscillating piston apparatus 50 ' 
including a cylinder lle which contains a single piston 
12f, having lower face ?ns meshing with ?xed cooling 
fins 51. Fins 51 include cooling tubes 52 similar to 
those described above in connection with FIGS. 13 and 
14. In FIG. 16', head 18c, which is the same as the heads 
described above in connection with FIGS. l2, l3 and 
14, is offset to one side and opens-into the cylinder on 
the side of the cooling ?ns 51 opposite the piston 12f. 

For purposes of positioning the piston 12f, without 
using valves, vertical grooves 53 are formed in the cen 
ter portion of the cylinder lle, that is, in the wall of the 
cylinder. Grooves 53 are by-pass passageways around 
a portion of the cylinder, which passageways have a 
fluid ?ow impedance that is substantially the same to 
?uid ?ow in both directions through the passageways. 
Thus, as the piston moves up and down, the leakage of 
gas, above and below the piston through the grooves 
53, tends to maintain center. of piston oscillation near 
the center of grooves 53. If, for example, the center of 
piston oscillation drifts below the center of the grooves 
53, more gas leaks downwardly around piston 12f 
through the grooves 53 while the piston is in the upper 
portion of its stroke, than leaks upwardly during the 
bottom portion of its stroke. There is, thereby, a net 
flow of gas downwardly to raise the center of piston os 
cillation upwardly. 
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MODIFICATION FIG. 17 
FIG. 17 illustrates apparatus 60 which is identical to 

that described above in connection with FIG. 16, ex 
cept that instead of the centering grooves, U-shaped 
by-pass tubes 61 are formed in the wall of the cylinder 
for purposes of keeping the center of piston oscillation 
near or at the center or mid-point of the U—shaped by 
pass tubes 61. In FIGS. 13, 14, 16 and 17 the heated 
passageways may alternatively be _ connected to the 
drive chamber(s) via a port(s) in the cylinder side wall 
between the piston and the fixed cooling ?ns. 

MODIFICATION FIG. '18 

Reference is now made to FIG. 18 wherein there is 
illustrated a novelty device or a physics demonstration 
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device adapted to be powered by heat from a conve- _ 
nient source, such as a lamp of the incadescent type. A 
pair of arcuate, heated passageways, 71 is located in a 
partially transparent housing 72 having a shape 
adapted to mate with an incadescent light bulb globe 
(not shown). The globe supports housing 72 with the 
aid of metal clip or holding strap 73 that is fixedly 
mounted on housing 72 and is adapted to be friction 

' ally connected to the globe. Heating of passageways 71 
by heat from the lamp can be augmented by providing 
the housing 72 with radiation absorbing substances, 
e.g., colored glass. It is to be understood that a single 
heated passageway may provide sufficient heating to 
operate the device. 
passageways 71, as well as passageways 19, are rela 

tively long and have considerable breadth, but are rela 
tively narrow in width to provide optimum oscillation 
of gases therein. If housing 72 and passageways 71 are 
formed of a relatively weak material, e.g., glass, spacing 
between walls of the passageways is preferably main 
tained by spacers 74, that are suf?ciently small to have 
only a slight effect on ?uid ?ow in the passageways. 
One end of each of passageways 71 is connected in 

?uid ?ow relationship to one end of hollow tube 75, 
that is downwardly depending from housing 72. The 
other end of tube 75 is connected in fluid flow relation 
ship with transparent cylinder 76 that contains free pis 
ton 77. Cylinder 76 can be maintained securely in situ 
by spring clip 80 that is adapted to be secured to a suit 
able support, such as a lamp pole that carries the bulb 
for supporting housing 72.'Gas in cylinder 76 is cooled 
by air'from the surrounding environment, without re 
sort to cooling by cooling coils. To center piston 77, 
cylinder 76 includes a number of longitudinal grooves 
78, centrally located on its interior side wall. 
To initiate oscillation of piston 77, the lower end of 

cylinder 76 is in fluid flow relationship with starter 78 
that includes a rubber or plastic bellows 79 having an 
upper interior wall bonded to the exterior, lower. wall 
of cylinder 76. Leaf springs 81 catch the folds or lower 
end face of bellows 79 to maintain the bellows in a 
compressed state after the bellows has been com 
pressed by an operator. Prior to compression of the be] 
lows the lower face of piston 77 bears against the up 
permost fold of bellows 79. In certain instances, it is 
desirable to space the uppermost bellows fold from the 
lower edge of cylinder 76 to provide a leaky cylinder 
during starting, whereby air can get below the lower 
edge of cylinder 76 and establish a better rebound 
chamber. 
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In each of the described embodiments, by using the 

ideal gas law it can be shown that for a given low com 
pression ratio (less than 2:1), the pneumatic power 
supplied by the heating and cooling means to the piston 
to sustain piston oscillation is approximately propor 
tional to the amplitude or amount of temperature varia 
tion of the gas during the cycle and to the sine of the 
phase angle of thermal lag introduced primarily by the 
passageways, i.e., the phase lag of the variation in the 
average temperature of gas in the chamber with respect 
to the instantaneous compression ratio. The instanta 
neous compression ratio can be defined as the ratio of 
the maximum chamber volume to the instantaneous 
chamber volume. As illustrated, the length and breadth 
of each passageway typically are each substantially 
greater than the passageway width, which may be sub 
stantially constant throughout the length and breadth 
of the passageways. The passageway width is chosen 
according to the desired frequency of piston operation 
to be suf?ciently narrow and uniform to heat or cool 
substantially all of the gas in the passageway suf? 
ciently to provide an adequate amplitude of tempera 
ture variation. Heating is provided by passageways l9 
and cooling by passageways between teeth 14 of piston 
12 and by the cylinder wall portion traversed by the pis 
ton face. - 

The amplitude of the variation in average gas temper 
ature during the cycle is determined by the amount of 
gas which is heated and cooled during the cycle and 
also by the amount of heating and cooling of this gas. 

The passageways are preferably suf?ciently narrow 
' to allow heating or cooling of the gas emerging from 
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the passageways throughout substantially all of the 
cross section of the passageways, whereby there is heat— 
ing or cooling of gas near the center of the passage 
ways, as well as at the walls of the passageways. The 
passageway width must, however, be wide enough to 
readily admit sufficient quantities of gas for heating or 
cooling of the gas in the passageways 19. The passage 
way width must also be wide enough to provide an ade- ' 
quate angle of thermal lag such that gas is being heated 
and fed from the thermal lag heater to the piston as the 
piston is moving away from the heated passageway, and 
gas is being cooled in the thermal lag cooling chamber 
(drive chamber) as the piston moves toward the heated 
passageways, to maintain the piston in oscillation. 
Thus, a compromise width is generally chosen at any 
given frequency of operation to maximize the produce 
of the amplitude of the temperature variation and the 
sine of the thermal lag angle, so as to increase power 
and efficiency. Because of the thermal lag requirement, 
a heat exchanger of this invention typically has a pas 
sageway width greater than that of heat exchangers em 
ployed in Stirling cycle engines operating at the same 
frequency. ' 

The breadth and length of a passageway are generally 
each made larger than the width in order to increase 
the volume and decrease the ?uid drag of the passage 
way. Thereby, the amount of gas that can be heated or 
cooled by the passageways is increased, with a mini 
mum increase in surface area and viscous drag. The re 
sulting passageway structure is relatively compact and 
provides good heating and cooling paths through the 
solid material forming the passageway walls. Thereby, 
external heating and cooling of the passageways is 
made more efficient. 
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The passageways thus have a characteristic thermal 
time constant for heating or cooling fluid. The time 
constant is primarily determined by the average width 
of the passageways, and secondarily by other factors 
such as length, and breadth, smoothness, properties of 5 
the fluid, and conditions of operation. These factors are 
chosen according to the desired frequency of operation 
to provide a thermal time constant which results in a 
sufficient phase angle of thermal lag at the oscillation 
frequency to sustain oscillation and to provide an ade 
quate or optimum amplitude of oscillation. The propor 
tionality’mentioned above for compression ratios less 
than 2:1 may be less accurate for higher compression 
ratios but is nevertheless valuable as a guide for design 
ing, at a given frequency of operation, an optimum 
thermal lag heating chamber and an optimum thermal ' 
lag cooling chamber. 
Because of the thermal lag requirement, it is desired 

that heating of gas predominate over cooling for a pe 
riod of time after maximum compression. Correspond 
ingly, it is desired that the net cooling of gas near mini 
mum compression continue for a period of time after 
minimum compression. 

It should be understood that almost any compressible 
?uid, such as a liquid and its vapor, may be used as the 
working ?uid of this device. However, the thermal lag 
device of this invention, by itself, is not expected to be 
as efficient an energy converter as some existing heat 

engines. 
It should also be understood that the center of oscil 

lation of all the pistons illustrated in all the embodi— 
ments herein can be positioned either by check valves, 
similar to the techniques shown in FIGS. 1 and 13, or 
by passageway means bypassing a portion of the cylin 
der wall, as illustrated in FIGS. 16 and 17. For example, 
in each of FIGS. 14 and 15, the pistons could be posi 
tioned by means of three inlet check valves or by means 
of two by-pass passageways or grooves. In addition, the 
check valve arrangement illustrated in FIG. 13 for 
pumping gas can be adapted to any of the embodiments 
illustrated herein. Pumping power can thus be drawn 
from any and all chambers of the devices illustrated by 
appropriately connecting the check valves to the cham 
bers. 
While there have been described and illustrated sev 

eral specific embodiments of the invention, it will be 
clear that variations in the details of the embodiments , 
speci?cally illustrated and described ' may be made 
without departing from the true spirit and scope of the 
invention as de?ned in the appended claims. For exam 
ple, the passageway means can modify the thermal lag 
and the amount of heating of the gas by forming the 
passageway wall material to have a specific heat, ther 
mal conductivity and geometrical configuration to pro 
vide a thermal time constant that causes cycling of the ’ 
wall temperature at substantially the same frequency as 
the piston oscillates. 
The device of FIG. 18 can be modified in numerous 

ways, such as by providing an upwardly extending hol 
low tube to connect the heated passageways with the 
cylinder containing the free piston. It is also possible to 
eliminate clip 73 by forming the passageways in a pair 
of interconnected sections, each adapted to fit on op 
posite sides of a lamp globe and dimensioned to be 
slightly smaller than the globe so as to be frictionally 
held on the globe with the aid of a ?uid conduit con 
necting the two sections together. 
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The device described herein may also be used as a 

cooling device, e.g., for cooling a typical engine valve. 
Thus, the valve head would contain the heated passage 
ways and the cooled valve stem would contain the os 
cillating piston. Oscillation of the piston and a gas or 
?uid within the sealed valve would cool the valve head 
and valve seat by transferring heat to the valve stem 
and valve guide and thence to a water jacket or other 
conventional means for cooling a valve stem. 

1 claim: 
1. A naturally resonant oscillating device comprising 

a chamber maintained in a substantially closed condi 
tion during at least a portion of the oscillation cycle, 
means for sustaining oscillation of at least one wall por 
tion of the chamber, an independent heat source for 
heating ?uid passageway means formed in the cham 
ber, means for inducing a ?ow of cool ?uid into said 
passageway means, said passageway means being de 
signed according to the frequency of oscillation to 
readily admit said cool ?uid and to heat substantially all 
of said admitted ?uid so as to heat ?uid in the passage 
way means as the oscillating portion moves in a direc 
tion to increase the volume of the chamber and to eject 
compressible ?uid from the passageway means as the 
oscillating portion moves in a direction to increase the 
volume of the chamber, said means for sustaining oscil 
lation including: inertia of a member including the os 
cillating portion, spring action of ?uid compressed by 
the oscillating portion, said heat source and said flow 
inducing means; wherein the net ?ow of ?uid induced 
into the passageway means while the volume of the 
chamber .is decreasing is primarily and directly respon 
sive to pressure variations of the ?uid in the chamber 
resulting primarily and directly from changes in the 
chamber volume caused by the oscillating portion. 

2. The device of claim 1 wherein the oscillating por 
tion comprises a pair of pistons positioned for synchro 
nous oscillation along a common axis. 

3. The device of claim I wherein the oscillating wall 
portion is a drive face of a piston oscillating in a cylin 
der. 

4. The device of claim 3 wherein the'piston is a free 
piston. 

5. The device of claim 4 further including a second 
heated ?uid passageway means opening into the piston 
rebound chamber at the opposite face of the piston for 
operation similar to the ?rst heated ?uid passageway 
means. - 

6. The device of claim 4 wherein the free piston is of 
substantially integral construction. 

7. The device of claim 4 wherein the cross-sectional 
dimensions of the free piston are substantially the same 
throughout its length. 

8. The device of claim 10 wherein the further pas 
sageway means includes at least one passageway having 
a ?uid ?ow impedance which is substantially the same 
for ?uid ?ow in either direction through the at least one 
passageway. 

9. The device of claim 4 further including valve 
means for positioning the center of oscillation of the 
piston. 

10. The device of claim 4 further including further 
passageway means by-passing a portion of the cylinder 
for positioning the center of oscillation of the piston 
near the mid-point of the by-passed portion. 

11. The device of claim 4 wherein the passageway 
means has a shape adapted to mate with an electric 
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bulb which provides heat for heating the passageway 
means. ' 

12. The device of claim 11 wherein the passageway 
means includes a substance for absorbing radiant en 
ergy from the bulb. 

13. The device of claim 1 wherein the ?uid passage 
way means contains at least one elongated passageway 
having an average length substantially greater than its 
average width. 

14. The device of claim 1 wherein the ?uid passage-' 
way means contains at least one elongated passageway 
having an averagelbreadth substantially greater than its 
average width. - 

15. The device of claim 14 wherein the cross 
sectional dimensions of the passageway are substan 
tially uniform throughout most of the passageway 
length. 

16. The device of claim 1 wherein the means for in 
ducing a ?ow of cool ?uid includes independent means 
for cooling ?uid induced into said passageway means. 

17. The device of claim 16 wherein the means for in 
ducing a ?ow of cool ?uid includes independent means 
for cooling the chamber walls proximate to the piston. 

18. The device of claim 17 wherein the chamber in 
cludes walls shaped to form at least one cooling ?n, 
said at least one ?n being proximate the oscillating por 
tion. ' 

19. The device of claim 18 further includinganother 
at least one cooling fin carried by the oscillating por 
tion and shaped to mesh with the at least one cooling 
fin proximate the oscillating portion. 

20. The device of claim 1 wherein the ?uid passage 
way means contains at least one elongated passageway 
having an average length, an average breadth and an 
average width, said average length and breadth both 
being substantially treater than the average width of the 
passageway. 

21. The device of claim 1 wherein the ?uid passage 
way means contains a plurality of elongated passage 
ways. 

22. The device of claim 1 wherein the ?uid passage 
way means contains a plurality of elongated passage 
ways having an average length, average breadth and av 
erage width, the average length and average breadth of 
the passageways each being substantially greaterthan 
the average width of the passageways. 

23. The device of claim 1 wherein the passageway 
means is designed to provide a substantially maximum 
value for the product of the amount of variation in- the 
average temperature of ?uid in the chamber and the 
sine of the difference in oscillatory phase ainglc be 
tween the temperature variation and the instantaneous 
geometrical compression ratio of the chamber. 

24. The device of claim 1 further including valve 
means for supplying energy to a load. 

25. The device of claim 1 wherein the volume of the 
heated ?uid passageway means is substantially constant 
during the oscillatory cycle. 

26. A naturally resonant oscillating device compris 
ing a chamber maintained in a substantially closed con 
dition during at least a portion of the oscillation cycle, 
means for sustaining oscillation of at least one wall por 
tion of the chamber‘, an independent heat source for 
heating ?uid passageway means formed in the cham 
ber, means for inducing a ?ow of cool ?uid into said 
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12 
passageway means, said passageway means being de‘ 
signed according to the frequency of oscillation to 
readily admit said cool ?uid and to heat substantially all 
of said admitted ?uid so as to eject heated compressible 
fluid from the passageway means as the oscillating por 
tion moves in the same general direction as the ejected 
?uid and to heat ?uid in the passageway means as the 
oscillating portion moves in the same general direction 
as the ejected ?uid, said means for sustaining oscilla 
tion including: inertia of a memberincluding the oscil 
lating portion, spring action of ?uid compressed by the 

' oscillating portion, said heat source and said ?ow in 
ducing means; wherein the net ?ow of ?uid induced 
into the passageway means while the ?uid is being com 
pressed toward the passageway means by the oscillating 
portion is primarily and directly responsive to pressure 
variations of the ?uid in the chamber resulting primar 
ily and directly from changes in the chamber volume 
caused by the oscillating portion. 

27. The device of claim 26 wherein the heated pas 
sageway means includes first and second sets of heated, 
elongated ?uid passageways for respectively ejecting 
the heated ?uid against first and second oscillating wall 
portions. 

28. The device of claim 27 wherein the first and sec 
ond sets of elongated passageways eject the heated 
?uid in opposite directions against opposed wall por 
tions. 

29. The device of claim 26 wherein the oscillating 
portion includes ?rst and second walls moving substan 
tially in synchronism with each other. 

30. The device of claim 29 wherein the passageway 
means is responsive to said ?ow of cool ?uid as‘ com 
pressed by the ?rst and second walls simultaneously 
moving toward each other and ejects the heated ‘?uid 
as the first and second walls are simultaneously moving 
away from each other. 

31. The device of claim 30 wherein the passageway 
means is positioned in ?uid ?ow relationship between 
the first and second walls. 

32. The device of claim 30 further including means 
for providing a fluid ?ow path for the cool ?uid com 
pressed by the first and second walls into the passage 
way means and for the heated ?uid ejected by the pas 
sageway means against the first and second walls. 

33. The device of claim 30 further including means 
for providing substantially equidistant ?ow paths be 
tween the passageways means and the snychronized 
?rst and second walls 

34. An oscillating piston apparatus comprising a cyl 
inder, a free piston in the cylinder, means for sustaining 
oscillatory motion of the piston in the cylinder, and 
means for controlling the location of the center of os 
cillation of the piston in the cylinder, said controlling 
means including a rebound chamber for reversing the 
motion of the piston and at least one passageway by 
passing a portion of the cylinder and having a ?uid ?ow 
impedance which is substantially the same to ?uid ?ow 
in both directions through the at least one passageway 
wherein said‘ portion of the cylinder is at least partially 
traversed by the piston. 

35. The apparatus of claim 34 wherein the free piston 
is of substantially integral construction. 

36. The apparatus of claim 34 wherein the cross 
sectional dimensions of the free piston are substantially 
the same throughout substantially all of its length. 

=i= * * * * 
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