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DOUBLE ACTING PULSE TUBE 
ELECTROACOUSTIC SYSTEM 

BACKGROUND OF THE INVENTION 

This application claims the bene?t of US. Provisional 
application Ser. No: 60/004,368, ?led Sep. 27, 1995, noW 
abandoned. 

1. Field of the Invention 
The present invention generally relates to electroacoustic 

cooling systems, and more particularly, to an electromag 
netic driven electroacoustic cooling engine having a double 
acting ?exural disk centrally located in a resonant tube-like 
pressure vessel and an electromagnetic driver mechanism 
supported outside the vessel for driving the disk. 

2. Description of the Prior Art 
Thermoacoustic technology addresses, among other 

things, the need for eliminating CFCs, HCFCs and other 
dangerous oZone depleting chemicals found in conventional 
air conditioning systems. Thermoacoustic cooling systems, 
hoWever, are knoWn to have e?iciency problems and as a 
result have not been Widely utiliZed in commercial and 
residential applications. 

Thermoacoustic cooling systems, such as that described 
in US. Pat. No. 4,722,201, generally include heat pumps or 
refrigerating engines that drive acoustic Waves inside reso 
nant pressure vessels or refrigerating engines. Thermoacous 
tic cooling engines provide thermal performance by displac 
ing or pumping compressible ?uids inside a resonant 
pressure vessel With an acoustic standing Wave. The acoustic 
standing Wave is typically generated by an acoustic driver. 
The compressible ?uid utiliZed contains a large thermal 
expansion coe?icient and must be capable of supporting an 
acoustic standing Wave. The pressure vessel is typically 
one-quarter (1A) to one-half of the length of the standing 
Wavelength. The ?uid used can usually be a mixture of 
helium, argon, and/or neon. The thermoacoustic cooling 
engine incorporates an acoustic driver to cyclically drive the 
?uid With a generated acoustic standing Wave through a 
thermodynamic element. The thermodynamic element gen 
erally comprises a plurality of plates and is located near the 
acoustic driver, is in thermal communication With the ?uid 
and is thermally responsive to the acoustic standing Wave. 
The thermal response of the thermodynamic element to the 
acoustic standing Wave is the pumping of heat from one end 
to another. Ahot heat exchanger and cold heat exchanger are 
placed in thermal communication With the thermodynamic 
element to conduct heat from the thermodynamic element 
and to cool a load, respectively. The hot heat exchanger 
conducts heat from one end of the thermodynamic element. 
A heat sink is typically located outside the resonant pressure 
vessel and receives heat from the hot heat exchanger. The 
cold heat exchanger is in thermal communication With the 
opposite end of the thermodynamic element and is thermally 
coupled to a load to be cooled. The thermoacoustic heat 
pump acoustically pumps the ?uid back and forth betWeen 
the plates or stack of plates, thereby stimulating heat to ?oW 
across the plates. 

While thermoacoustic cooling technology addresses the 
need for replacing CFCs, HCFCs, and other oZone or planet 
Warming chemicals, conventional thermoacoustic cooling 
engines have efficiency problems that affect their thermal 
performance to a level that impedes Widespread use. One of 
the main problems causing diminished e?iciency perfor 
mance is generation of internal Waste heat gain that is lost 
from the poWer coils used in the various electric driver 
mechanisms. Internal heating is attributable to driving the 
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2 
acoustic driver from Within the vessel, internal friction of 
moving parts and ?uid, cold ends of the thermodynamic 
element plates being in thermal contact With the driver via 
acoustically driven convective ?oWs in the gas, reverse ?oW 
of heat in the thermodynamic element, and the internal heat 
generated by the driver coils. E?iciency is further decreased 
because only half the driver stroke cycle is utiliZed to drive 
a single stack. E?iciency degradation is also affected by 
reverse conduction through the ?uid and plates. Poor effi 
ciency affects the overall operation of the thermoacoustic 
engine and results in unforgiving energy losses. 

Given the current environmental concerns With cooling 
systems dependent upon CFCs, HCFCs and other oZone 
depleting chemicals, thermoacoustic cooling engines Would 
be a more attractive replacement for larger cooling applica 
tions if their e?iciency, poWer density, and cooling capacity 
Were increased. Accordingly, there exists a continuing desire 
to increase the e?iciency and poWer density of thermoa 
coustic cooling systems and heat pumps. The instant inven 
tion addresses these needs by providing a double acting 
acoustic driver poWered by an electromagnetic circuit for 
driving at least tWo stacks and tWo pairs of heat exchangers 
in a pulse tube resonator or pressure vessel. The instant 
invention provides advantages to conventional thermoa 
coustic air cooling systems, such as increased poWer density, 
cooling capacity, and overall e?iciency, through the com 
bined efforts of a double-acting disk, the placement of the 
driving mechanism outside the pressure vessel to decrease 
internal heat gain, and the employment of multiple heat 
exchangers and thermal stacks. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
electroacoustic cooling engine or heat pump With increased 
poWer densities, larger cooling capacities and better oper 
ating e?iciencies. 
Another object of the invention is to provide a electroa 

coustic heat pump With an electromagnetic driver that is 
suitable for use on Water-chillers or coolers, air conditioners, 
and large capacity heat pumping applications for residential, 
commercial, and industrial siZed heating, cooling, and 
refrigeration systems, plastic molding injection systems, etc. 

It is also an object of the present invention to provide a 
electroacoustic cooling engine comprising a double acting 
acoustic driver in a pulse tube electroacoustic resonator With 
improved thermal e?iciency. 

It is another object of the invention to provide a more 
e?icient electroacoustic cooling engine that eliminates the 
need for CFCs, HCFCs, and all other dangerous and oZone 
depleting chemicals in both large and small siZe cooling 
systems. 
An additional object of the instant invention is to elimi 

nate the need for sliding seals, bearings, and lubrication in 
the electroacoustic driver and to prevent destructive pressure 
differentials from developing at opposite sides of the acous 
tic driver’s ?exible disk. 

It is a further object of the instant invention to eliminate 
the need for any lubrication inside the pressure vessel. 

It is yet another object of the invention to reduce internal 
heat loss in the pressure vessel to afford improved e?iciency. 

It is a further object of the instant invention to provide a 
more e?icient electroacoustic driver by driving the internal 
driver ?exural disk via energy transfer techniques. 

It is yet another object of the instant invention to provide 
a resonator that facilitates convenient adjustments in the 
driver disk’s positioning. 
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It is yet an additional object of the instant invention to 
provide an adjustable electroacoustic driver. 

It is yet a further object of the instant invention to provide 
preloaded but adjustable springs for ?ne resonance tuning of 
the electroacoustic driver. 

It is still another object of the instant invention to ?ne tune 
the electroacoustic driver Without having to alter the gas 
mixture to attain pressure vessel resonance. 

In light of these and other objects, the present invention 
comprises a electroacoustic cooling engine employable as a 
chiller for fan coils, air conditioning systems, heat pump 
systems, or other residential and commercial climate control 
systems. The electroacoustic cooling engine includes a 
double acting acoustic driver mechanism that yields a poWer 
stroke in tWo directions under the control of electromagnetic 
poWer. Consistent With the foregoing, the instant invention 
generally comprises a resonant pressure vessel or acoustic 
resonator ?lled With a compressible ?uid or gas, a resonance 
frequency controller, at least one pair of thermodynamic/ 
thermal elements, tWo pairs of oppositely disposed heat 
exchangers, a means for charging the resonator With the gas, 
and a double-acting acoustic driver including at least one 
centrally located ?exible driver disk secured inside the 
resonator, a spring suspended shaft that extends throughout 
the resonator and drives the desired number of disks, and an 
electromagnetic driver comprising a plurality of magnets 
and poWer coils for cyclically driving the shaft and disk. 

The electroacoustic engine of the invention increases the 
poWer density by utiliZing both the forWard and return 
strokes of the ?exible disk, thereby increasing the useable 
cooling capacity by a factor of tWo. The ?exible disk is 
positioned in the resonator betWeen a ?rst and second 
thermodynamic element and heat exchanger pair, essentially 
dividing the resonator into ?rst and second pressure vessel 
volumes. The thermodynamic/thermal elements preferably 
comprise a coiled non-metallic material that forms a spiral 
concentric With the interior resonator Walls. The thermal 
element has a Width Which is much less than the reduced 
Wavelength of sound. In addition, the ratio of stack spacing 
in the element to penetration depth is large enough so that 
hyperbolic tangents involving the ratio can be set equal to 
one. The heat exchangers preferably comprise a ?nned coil 
of copper tubing that alloWs the ?uid to be cooled or heated 
as the ?uid is circulated through it. The heat exchangers may 
also comprise a copper stack assembly placed in cross 
section Within the copper tubing. A standing acoustic Wave 
is cyclically driven by the acoustic driver on both sides of 
the disk for a resultant thermal response. 

The pulse tube/resonator vessel preferably comprises a 
cylindrical tube-like container that is one full Wavelength 
long end-to-end, and one-half Wavelength long from the 
?exible disk to an end of the resonator. The resonator vessel 
may be formed by joining tWo half Wavelength pressure 
vessels at a common sealable, gastight joint. This joint exists 
at the point of the ?exible disk and may be used to secure the 
disk along its peripheral edges. This center joint Will not be 
necessary if the ?exural disk is secured to the interior Wall 
of the resonator, such as With a mounting ring, thereby 
eliminating another possible area of leakage. The resonator 
vessel is pressuriZed With a compressible ?uid, or gas, 
having a substantial thermal expansion coef?cient and the 
ability to support an acoustic standing Wave generated by the 
double-acting acoustic driver. The double-acting acoustic 
driver comprises a double-acting ?exural disk that stimu 
lates tWo opposing thermodynamic elements and tWo pairs 
of heat exchangers. With a different symmetry, the disk can 

10 

15 

25 

35 

45 

55 

65 

4 
stimulate four or more pairs of opposing thermodynamic 
elements and four or more pairs of heat exchangers. The 
?exural disk preferably comprises a ?exible driver disk 
substantially located centrally Within the resonator vessel for 
displacing the compressible ?uid through the thermody 
namic elements With a standing acoustic Wave as the disk is 
cycled. The driver disk is preferably ?exible near its perim 
eter edges and rigid along its interior surface area to opti 
miZe gas displacement. The ?exible disk may be attached to 
the suspended drive shaft by a securing plate Which helps to 
effect central rigidity in the disk. The acoustic disk’s fre 
quency of operation is adjusted automatically to keep the 
system in resonance. The acoustic driver further includes an 
electromagnetic driver mechanism for cyclically driving the 
disk and hence, the gas. 
The instant invention, unlike conventional systems, does 

not drive or poWer the driver disk from inside the resonator 
pressure vessel, but rather from outside the sealed unit. This 
avoids the need to remove any internal heat gain generated 
by the driver’s poWer coils, a problem noted When the driver 
is placed inside the system and a problem knoWn to decrease 
a unit’s ef?ciency. The electromagnetic driver of the present 
invention comprises a plurality of electric drive coils having 
a predetermined number of turns, magnetic rings, and ?xed 
iron pole pieces mounted to an aluminum or other non 
magnetic shaft. The electromagnetic driver mechanism dis 
closed herein provides enhanced performance by commu 
nicating magnetically With the driver shaft from outside the 
vessel With the mechanically suspended shaft found in the 
vessel and attached to the disk. The shaft is preferably 
attached to the disk at its rigid section. Thus, placing the 
electromagnetic driver coils outside the resonator and trans 
ferring energy to the ?exible driver disk by Way of the 
suspended shaft prevents most of the internal heating of the 
pressure vessel from the driver coils so as to avoid dimin 
ished efficiency. In addition, by placing the poWer coils of 
the driver mechanism outside the resonator, the electromag 
netic driver can have as many coils With more turns and 
matching permanent magnets and pole pieces as is necessary 
to achieve the desired poWer levels. That is, the instant 
invention alloWs for a much larger outside area upon Which 
to Wind many more poWer coils Without affecting the interior 
volume of the resonator and Without realiZing the problems 
currently associated With oscillating heavy loads as in con 
ventional internally poWered voice coil acoustic systems. 

The instant invention comprises a double-acting acoustic 
driver, Wherein at least one thermodynamic element, or 
stack, and one pair of heat exchangers are positioned inside 
the resonator on opposite sides of the driver disk so that heat 
may be transferred through the thermal element. Heat is 
pumped through the element by the acoustic standing Wave 
generated by the acoustic driver and supported by the 
compressed gas. Both pairs of heat exchangers comprise a 
hot heat exchanger and a cold heat exchanger. The hot heat 
exchanger is in thermal communication With one end of the 
thermodynamic element, While the cold heat exchanger is in 
thermal communication With an opposite end of the thermal 
element. The hot heat exchanger conducts heat aWay from 
the thermal element and the cold heat exchanger releases 
heat and cools a ?uid load passing therethrough. The instant 
invention enhances cooling ef?ciency, compared to conven 
tional systems, by folding or coiling copper tubing to create 
a radiator-like cold heat exchanger. The instant invention 
provides substantially better efficiency and double the poWer 
density of conventional quarter Wavelength heat pumps by 
placing a thermodynamic element on opposite sides of the 
driver disk, each With its oWn cold and hot heat exchangers, 
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and by driving the disk from outside the resonator With the 
electromagnetic driver. Placing a thermal element and heat 
exchanger pair on both sides of the disk allows the elec 
troacoustic engine to take advantage of both the front and 
backward strokes of the disk so as to provide tWice the 
poWer density. Greater cooling capacity is also achieved 
With the increased ef?ciency accomplished by the acoustic 
driver and thermodynamic con?gurations. 

The instant invention may further include a plurality of 
substantially rigid volume reduction trumpeting baf?es 
inside the pressure vessel, so as to decrease the internal 
volume of the resonator to achieve a larger percentage by 
volume of displacement of the Working ?uid With each 
stroke of the ?exural disk. The baf?es also help to prevent 
an impedance mismatch betWeen the free resonator volume 
and the thermodynamic element and the formation of shock 
Waves in the gas. The baf?es also facilitate more ef?cient 
and increased travel of the gas through the thermodynamic 
element since the baf?es reduce the interior volume of the 
resonator. As previously noted, smaller volumes are pre 
ferred for enhanced electroacoustic performance. The trum 
peting baf?es are preferably rigid, funnel-shaped, and 
smooth in structure. Smooth baf?es reduce viscous losses. 
Rigid baf?es could be used to secure the driver disk by Way 
of a compression force. The baf?es could also be designed 
With an insulating ?ller, such as foam, to retard external heat 
in?ltration. The baf?es should be made of an insulated 
material to provide insulation from the exterior Walls. The 
baf?es may comprise other shapes and structures different 
from those disclosed herein Without departing from the 
scope and spirit of the instant invention. 

The present invention is intended to replace the usual 
compressor, valves or vanes, expansion valves or capillary 
tubes, lubricating methods, and requirements for liquid 
chemicals that continuously must be made to change their 
state from a liquid to a gas and back again, such as is used 
noW in other heat-pumping systems. The cold heat exchang 
ers chill the operating ?uid load along tWo paths via a 
thermal-responsive acoustic standing Wave generated by the 
disk and propagated through the cold heat exchanger and 
thermodynamic elements. The chilled ?uid ?oWs from the 
cold heat exchanger to a radiator or coil located outside the 
resonator vessel Where either a fan or other similar mecha 
nism can bloW air across the chilled ?uid to produce a cooled 
air, as is knoWn in the art. The instant invention alloWs ?uid 
chillers, such as Water chillers, to be used for large capacity 
cooling applications, including residential, commercial, and 
industrial air conditioning systems and large refrigeration 
systems. The instant invention is intended to provide 
approximately tWice the poWer density of current thermoa 
coustic systems With the same siZed resonator diameter. 

One of the main objectives of the instant invention is to 
eliminate the need for using CFCs, HCFCs, and other 
dangerous oZone depleting chemicals in air conditioning 
systems by providing a more reliable electroacoustic cooling 
engine than has been previously knoWn. The instant inven 
tion accomplishes this in part by eliminating the need for any 
sliding seals, bearings, and lubrication, Whereby the elec 
tromagnetically driven acoustic driver is used to cycle the 
shaft and hence, the ?exible driver disk from outside the 
vessel. In addition, problems associated With the destructive 
pressure differentials knoWn to develop on opposite sides of 
a single-acting disk are eliminated With the instant invention 
by creating equal pressures on both sides of the disk. Thus, 
this design eliminates problems in the prior art associated 
With back pressure. The pressure on both sides of the driver 
disk equaliZes rapidly through ori?ces located in the shaft to 
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6 
facilitate rapid charging of the system and to reduce the 
likelihood of destructive pressure differentials. 

The instant invention is designed to obtain far higher 
cooling poWers. The invention also facilitates the building of 
a cooling system With a reduced chance of developing leaks 
because of the reduction in the number of exterior joints and 
seams. The feW seams that exist can be Welded or soldered 
closed by eliminating non-metallic joints so as to facilitate 
operation of the electroacoustic engine at higher pressures 
for increased poWer densities. 

In accordance With these and other objects Which Will 
become apparent hereinafter, the instant invention Will noW 
be described With particular efforts to the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a cross sectional vieW of the electroacoustic 
cooling engine illustrating the resonator and double acting 
acoustic driver of the instant invention, including optimal 
placement of the electromagnetic driver poWer coils outside 
the resonator. 

FIG. 1b is an enlarged detailed vieW of the resonator 
?anges of the instant invention. 

FIG. 2 is a system diagram of the instant invention 
illustrating the electroacoustic engine embedded in a cooling 
system. 

FIG. 3 is an enlarged cross sectional vieW of the adjust 
able or tuning spring of the instant invention. 

FIG. 4 is a partial enlarged vieW of the shaft incorporating 
a centering/tuning spring. 

FIG. 5 is an enlarged partial cross sectional vieW of the 
electromagnetic driver of the instant invention illustrating a 
predetermined number of coils, magnetic cores, iron pole 
pieces, and the suspension positioning springs. 

FIG. 6 is a cross sectional vieW of the electroacoustic 
cooling engine illustrating placement of trumpeting baf?es 
for decreased volume leading to increased displacement 
during each stroke of the ?exural disk. 

FIG. 7 is a cross sectional vieW of the instant invention 
taken along line 7—7 of FIG. 1a. 

FIG. 8 is a cross sectional vieW of the instant invention 
taken along line 8—8 of FIG. 1. 

FIG. 9 is a cross sectional vieW of the instant invention 
taken along line 9—9 of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to the draWings, FIGS. 1—9 illustrate the 
preferred embodiments of the instant invention, generally 
referenced by numeral 1, With the best mode of the instant 
invention being shoWn in FIG. 6. Referring to FIG. 1, the 
instant invention teaches a electroacoustic cooling engine 1 
generally comprising a pressure vessel resonator 40, at least 
one ?exible driver disk 11 sealingly secured in the resonator 
40, tWo thermodynamic/thermal elements 12 per disk 11 
(each one on opposite sides of the disks), a hot heat 
exchanger 13 and a cold heat exchanger 14 for each ther 
modynamic element 12 in thermal communication With 
opposite ends of the thermal element 12, a spring supported 
and suspended shaft 15 attached to each disk 11 and extend 
ing concentrically through each thermal element 12 and heat 
exchanger 13, 14, a double acting acoustic driver including 
the disk 11 and an electromagnetic driver 10 disposed 
outside the resonator 40 cyclically driving the ?exible disk 
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11 via the shaft 15, and a plurality of tuning springs 23. The 
electroacoustic cooling unit 1 of the instant invention is 
employable as a chiller for ceiling fans, air conditioning 
systems, heat pump systems and other cooling systems 
intended for residential and commercial climate control, one 
example of Which is shoWn in FIG. 2. The instant invention 
also employs a resonance frequency controller in electrical 
communication With the electromagnetic driver for main 
taining acoustic resonance during operation. 

The resonator vessel 40 of the instant invention comprises 
a resonating pressure container preferably formed by joining 
a ?rst vessel half 40a With a second vessel half 40b. 
Alternatively, the resonator 40 may comprise a single uni 
form structure, to reduce joints, With at least one mounting 
ring adhered to the resonator in a central location for 
securing the ?exural disk. The open ends of each vessel half 
40a, 40b de?ne securing ?anges 29 Which are used to join 
each half With hardWare to secure the driver disk 11 ther 
ebetWeen in the resonator 40. A joint formed by the ?ange 
29 must be gastight and sealed to prevent leaks and pressure 
drops. To seal the joint, a disk apron gasket 31 is inserted 
betWeen the ?anges 29, as seen in FIG. 1B. On opposite 
sides of the disk 11, the resonator 40 contains at least one 
thermodynamic element 12 and corresponding heat 
exchanger pairs 13, 14. The resonator 40 de?nes sealable 
ports in alignment With the heat exchangers 13, 14 to 
facilitate the ?uid communication betWeen the heat 
exchangers and cooler system conduit outside the resonator 
40 so that the exchanger may receive and pass ?uid loads. 
Extending through the resonator 40 is preferably a tWo part 
shaft 15 Which attaches to opposite sides of the disk 11. The 
higher the anticipated frequency of operation, the shorter the 
shaft 15 Will be. The shaft 15 extends from the disk 11 in 
opposite directions concentrically through each thermody 
namic element 12 and heat exchanger 13, 14. At the ?rst end, 
the shaft 15 is connected to a retention/tuning spring assem 
bly for centering the shaft and providing a push-pull force on 
the shaft 15 for preventing any drag When the shaft and disk 
combination is cycled. A tuning/adjusting bolt 22 engages 
the spring assembly to adjust tension in the spring for ?ne 
tuning the resonator 40 and achieving acoustic resonance. 

The spring assembly comprises a spring 23 contained and 
secured betWeen tWo retention plates 20, 24. At one end of 
the spring 23, the shaft 15 is secured to one retention plate 
20 and at the opposite end the tuning bolt engages the other 
plate 24. Referring to FIG. 1a, an extension cover 27 and cap 
21, in combination, sealingly encloses the tuning spring 
assembly at one end of the resonator. With reference to FIG. 
5, at the opposite end of the resonator, a ring cover 17 in 
combination With an end cap 58 sealingly encloses a second 
spring assembly 23‘. Spring 23‘ is primarily a centering 
spring. The ring cover 17 is preferrably vented to alloW 
venting of heat. At the shafts 15 opposite or second end, a 
stabiliZing spring 23 may be attached to act in concert With 
the tuning spring. The stabiliZing spring 23 is secured at one 
end With a retention cup 19 and collar 20 combination and 
a retention plate, all of Which are joined to the shaft by 
hardWare as knoWn in the art. Extending from the shaft’s 
second end is a magnetic shaft extension 32, Which is more 
fully shoWn in FIG. 5. Partially secured to and concentri 
cally disposed around the magnetic extension 32 is the 
electromagnetic driver 10. The electromagnetic driver 10 
and non-magnetic extension 32 are also enclosed by an 
extension cover 17 and end plate 58 combination, as previ 
ously discussed. 

The resonator 40 is charged With a compressible ?uid, or 
gas, having a substantial thermal expansion coef?cient and 
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8 
the ability to support an acoustic standing Wave, as gener 
ated by the ?exural disk. A preferred gas Would be helium 
(He) or a mixture of helium and argon. The Working gas 
may also be a mixture of ninety percent (90%) helium and 
ten percent (10%) xenon to achieve a predetermined sound 
speed at operating temperature. Unlike prior art devices, the 
instant invention is designed so that other gas or compress 
ible ?uids may be employed to achieve desired electroa 
coustic engine responses Without having to alter the struc 
ture of the resonator vessel. For instance, the selection of the 
gas mixture can reduce sound speeds Without degradation of 
thermal properties. The instant invention also precludes the 
need to change the resonator diameter for achieving higher 
performance. Choice of gas mixture can tune the engine for 
operation Without having to make structural changes in the 
resonator length if the original design does not sustain 
resonance at the exact prescribed frequency. At the same 
time, hoWever, the resonator 40 does not require a change in 
gas mixture to achieve resonance since the electromagnetic 
driver 10 is located outside the resonator 40 and is therefore 
easily adjusted, discussed infra. The length of each resonator 
half 40a, 40b is approximately equal to a half Wavelength of 
sound in the gas mixture When operated at the designed for 
frequency. The resonator 40 may be charged to a predeter 
mined mean pressure through a charging means such as a 
one Way noZZle connected to the resonator or through an 
ori?ce that can be valved off. The internal pressures on both 
sides of the disk Will sloWly equaliZe through a very small 
equaliZer port that can notched or drilled in the shaft end cap 
or cup, or through the disk mounting ring or the disk itself. 
The acoustic driver disk 11 drives the thermodynamic 

elements 12. The frequency of operation of the driver disk 
11 is intended to be adjustable for automatically keeping the 
system in resonance. The driver disk 11 comprises either an 
integrally formed piston or a tWo-part piston assembly 
joined by adhesives or hardWare. In either structure, a 
?exible apron 30 de?nes the outer peripheral edges of the 
disk 11. The rigid piston portion of the disk 11 is de?ned by 
the interior area of the disk 11 Which is preferably substan 
tially rigid for greater reliability in gas displacement. 
Rigidity, hoWever, may be obtained by attaching a plate to 
the disk 11 With hardWare. The apron 30 is preferably 
corrugated and ?exible and secured betWeen the bolted 
?anges 29 of the resonator Walls 40. A ?exible apron 30 is 
required so that the disk may be cycled Without experiencing 
fatal loading. A gasket 31 is also secured betWeen the 
resonator ?anges 29 to provide a substantially gastight joint. 
The disk 11 may be integrally formed so as to be more 
?exible along the peripheral edges, yet rigid in the central 
area of the disk, or the shaft may be joined to the disk 11 With 
a plate-like structure, such as 20, to secure the central areas 
of the disk for rigidity. Rigidity is preferred and desired 
along the interior surface area of the disk 11 to facilitate the 
greatest displacement of gas When the driver disk is cycled 
during operation. Additional driver disks 11 may be secured 
to the resonator 40 Walls by adhesives or hardWare, as is 
knoWn in the art, to achieve greater gas displacement during 
operation. HoWever, each disk employed in the resonator 
must have a thermodynamic element 12 and corresponding 
hot and cold heat exchangers positioned on each side of the 
disks to realiZe the bene?ts of the additional disk 11. In the 
same manner as discussed herein, the shaft is connected to 
each disk 11 and driven by the electromagnetic driver 10. A 
standing acoustic Wave is cyclically driven by the disk 11 
and driver 10 to penetrate the Working gas through each 
thermal stack 12 for a desired thermal response. 
The dual stack/thermodynamic element resonator design 

of the instant invention facilitates the pumping of large heat 
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loads at the highest possible ef?ciency. The piston/disk 11 is 
linearly moved to generate acoustic pressures in both vessel 
halves 40a, 40b, so as to justify the employment of tWo 
stacks and four heat exchangers Whereby the problem of 
driver back volume stiffness is eliminated. That is, there is 
no back volume problems since both volumes of the reso 
nator 401, 40b are loaded. An additional bene?t of the dual 
thermal element design is that the thermodynamic stack 
diameters may be reduced by thirty to forty percent 
(30%—40%) to achieve the same heat pumping capacity in a 
single thermodynamic element design. 

Referring to FIGS. 1 and 8, a thermodynamic element 12 
is secured on opposite sides of the disk 11 Within their 
respective resonator halves 40a, 40b, or volume vessel. Each 
thermal element 12 is designed With predetermined thermal 
properties to provide desired temperature differentials at 
predetermined frequencies across the elements 12 to effec 
tuate heat transfer. The thermodynamic elements 12 may 
resemble stacks of plates in cross section and thus may be 
referred to as a thermal stack 12. The Width of the thermal 
stacks 12 When vieWed from the side, as in FIGS. 1 and 2, 
is preferably much less than the Wavelength of sound 
produced by the driver. As seen in FIG. 8, the thermody 
namic element or stack 12 has a predetermined spacial 
relationship Whereby the ratio of stack spacing to thermal 
penetration depth is large enough that hyperbolic tangents 
involving that ratio can be set equal to one or other ratios 
depending on the desired thermal response. This spacing is 
achieved by at least one mylar or nylon spacer 42, similar to 
a mono?lament ?shing line, such as a ten pound ?shing line. 
Other nylon lines may serve as spacers Without departing 
from the scope and spirit of the instant invention. The ?shing 
line is preferably placed substantially perpendicular to the 
unrolled longitudinal axis of the element 12. Thus, the stack 
element 12 may in its infant state comprise a ?at sheet of 
non-metallic material, such as Kapton®, mylar, or plastic 
With similar non-conductive properties, that is coiled in a 
spiral by rolling the sheet With at least one spacer 42 secured 
in place. The spacers 42 may be secured by adhesives. A 
coiled structure is preferred. Since a thermodynamic stack 
12 is positioned on both sides of a disk 11, the con?guration 
is often referred to as a dual stack. The driver disk 11 When 
driven, cyclically drives the gas With a resonant acoustic 
standing Wave at a predetermined frequency corresponding 
to the length of the resonator 40 for resonance, such that gas 
oscillates in the stack 12 experiencing a gradient tempera 
ture drop. 

The thermodynamic element 12 is shoWn in cross section 
in FIG. 8. The material selected for the thermodynamic 
element 12 has a predetermined thermal penetration depth 
conducive to removing desired amounts of heat from the 
Working gas load. The thermodynamic element or stack 12 
is constructed by rolling up a sheet of non-metallic material, 
as noted above, in a spaced relationship. The stack material 
has a predetermined Width, based on the temperature 
gradient, or temperature difference desired across the stack, 
and the spacing betWeen the plates or layers of the rolled 
materials is determined by the siZe and placement of the 
spacer material. The stack is spaced by the attachment of the 
spacers 42. 

The thermodynamic element 12 is located Within the 
resonator 40 in a position Which is betWeen a pressure node 
and antinode, in one embodiment. In another embodiment, 
the thermal element 12 may be separated from the disk 11 by 
a trumpeting baffle 44, discussed infra. A ?rst end of the 
thermal element 12 may be de?ned as the hot end since it is 
closer to the acoustic driver disk 11 While the opposite end 
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10 
may be referred to as the second or cold end. The thermo 
dynamic element 12 comprises a material as noted above 
Which is thermally responsive to the acoustic standing Wave 
generated such that it pumps heat from the cold end to the 
hot end. The thermodynamic element 12 has a heat capacity 
Within a thermal penetration depth of the boundary of the 
element 12 in the gas Which may be knoWn in the art. 

Each thermodynamic element 12 thermally communi 
cates With a pair of heat exchangers 13, 14, as shoWn in FIG. 
9. A hot heat exchanger 13 is preferably positioned in 
thermal communication With the ?rst end of the stack 12 
proximate to the acoustic disk driver 11 in the resonator 
vessel 40a or 40b, having a length of approximately one-half 
a Wavelength. MeanWhile, the cold heat exchanger 14 is 
positioned in thermal communication With the second end of 
the stack 12, as shoWn in FIGS. 1 and 2. With reference to 
FIG. 2, both exchangers are in ?uid communication With a 
?uid Working load Which is pumped through the exchangers 
by Way of conduits coupled to ports de?ned by the exchang 
ers 13, 14. TWo pumps P are employed for pumping ?uid 
through each path. FloW sWitches and fan sWitches may also 
be incorporated into a system for determining When to 
poWer the system. The hot heat exchanger 13 may comprise 
a coiled copper tubing, or it may be folded repeatedly over 
itself, as seen in FIG. 9. The tubing is preferably ?nned With 
a plurality of thin copper or aluminum plates 41 closely 
spaced apart for increased thermal ef?ciency. The hot heat 
exchanger 13 may also comprise a copper ring enclosure 
having a plurality of copper strips strategically spaced apart. 
The copper employed is selected With a predetermined 
thickness depending on the thermal response desired. The 
cold heat exchanger 14 is constructed in the same manner as 
the hot heat exchanger except that the separation betWeen 
the copper layers is preferably greater. The thermal response 
of the thermodynamic element 12 produces a hot end 
adjacent to and in thermal communication With the hot heat 
exchanger 13 such that the Work load is heated When passed 
therethrough. By contrast, the opposite end of the thermo 
dynamic element is relatively colder and in thermal com 
munication With the cold heat exchanger 14 such that a Work 
load is cooled When passing therethrough. 
The instant invention may comprise an additional struc 

tural enhancement to address the problem of reverse heat 
conduction or ?oW, a problem knoWn to contribute to a loss 
of ef?ciency. To prevent reverse heat conduction, the ther 
modynamic element 12 may include micro-thin slices in its 
plate material in a dash dot fashion, preferably perpendicular 
to the gas mixture’s ?oW path to prevent reverse temperature 
conduction. Approximately one roW of slices is preferably 
desired for each centimeter of stack length to match With the 
disk driver 11 displacement stroke. Placing each roW of 
slices substantially perpendicular to the gas mixture ?oW 
decreases the amount of reverse conduction currently expe 
rienced in conventional thermodynamic stacks as employed 
in current heat pumps. The slices act as an insulator or check 
valve to retard the reverse conduction of heat through the 
plate material. Any reduction in the amount of reverse heat 
conduction through the plate stack material 12 increases the 
overall ef?ciency of the stack 12 and thermal acoustic engine 
1 by reducing internal losses. 
The thermal response of the instant invention is accom 

plished by the acoustic driver Which comprises an electro 
magnetic driver 10 as shoWn in FIGS. 4, 2 and 5. The 
electromagnetic driver 10 is in magnetic and mechanical 
communication With one end of the shaft 15 and is posi 
tioned outside the interior volume of the resonator 40 to 
prevent internal heating inside the resonator 40. Another 
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advantage of placing the electromagnetic driver 10 outside 
the resonator 40 is that no Wires have to be run from outside 
the vessel 40 to inside the vessel 40. This eliminates the 
number of joints and seals Which could potentially fail. 

With reference to FIG. 5, the electromagnetic driver 10 
generally comprises a plurality of electric or solenoid drive 
coils 26 and a plurality of permanent magnetic rings or cores 
25, both of Which are concentrically disposed around the 
shaft extension 32. The electromagnetic driver 10 also 
includes a ?xed non-magnetic aluminum spacer piece 52 
and a plurality of iron pole pieces 54 inserted into the 
non-magnetic extension bar’s 32 open end that extends from 
the end plate 56 of the driver shaft enclosure 17 into the end 
of the holloW shaft. An additional alignment spring 23‘ may 
also be included to act as a centering spring. The permanent 
magnetic rings 25 and electric drive coils 26 are perfectly 
arranged to effect a push pull force on the shaft 15 When the 
shaft 15, shaft extension, and rings 25 are cycled at a knoWn 
velocity perpendicular to the magnetic ?eld of density. 
When incorporating the aluminum spacer sections 52 and 
the iron pole pieces 54, the iron pole pieces must be 
strategically arranged in relation to the magnetic rings 25 
and electric drive coils 26 to accomplish the additional push 
pull force desired. For instance, it is desired that the number 
of coils 26 correspond to the number of magnetic rings 25 
and iron pole pieces 54. Since the electromagnetic driver 
loses heat during operation, the instant invention presents an 
improvement over prior devices by driving the acoustic 
displacement disk 11 from outside the resonator volume 40 
so that heat losses do not affect the thermal ef?ciency inside 
the resonator 40. A driver cover 17 may be attached over the 
electromagnetic driver 10 With a collar 56, end plate 57 and 
cap 58 to seal the resonator 40 and protect the driver’s poWer 
coils 26 from rain. The driver cover 17 may be securely 
attached by other means, such as straps. The driver coil 
cover 17 may be vented so as to dissipate heat to the outside 
of the system. The vent slots should be facing doWn toWard 
the bottom side so as to avoid the entrance of rainWater on 
the coils. 

It is Well knoWn in the art that the main problem With 
acoustic heat pumping engines is the signi?cant internal 
heating that occurs With conventional systems. One source 
of internal heating is from the acoustic driver. Another 
source of internal heating is reverse heat conduction. Slits 
may be de?ned in the thermal stack plates 12 to reduce the 
reverse conduction losses. The other primary source of 
internal heating is solved by situating the electromagnetic 
driver 10 outside the internal volume of the resonator 40. In 
addition to reducing heat loss, the electromagnetic driver 10 
does not create Weight problems that could ultimately 
decrease ef?ciency. An additional bene?t of placing the 
electromagnetic driver outside the resonator 40 is the ability 
to conveniently change poWer capacity from the exterior and 
perform resonance tuning. Furthermore, outside the resona 
tor 40, the electromagnetic driver 10 is not con?ned to space 
and can have as many coil turns 26, magnetic rings 25 and 
iron pole pieces 54 as desired. Referring to FIG. 5, the ease 
in Which poWer capacity my be adjusted is evident. Thus, the 
instant invention alloWs for as many poWer coils as is needed 
to achieve desired poWer levels. 

The instant invention affords ?exibility in electromag 
netic poWer and ef?ciency Whereby the number of turns is 
adjustable, based on current requirements. Since the elec 
tromagnetic driver 10 is positioned outside the resonator and 
is not mechanically connected to the shaft 15, the invention 
is not limited by the number of coil turns or Weight. That is, 
a very large number of turns may be added to the driver coils 
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so as to increase the magnetic ?eld strength Without suffer 
ing the draWbacks of the additional Weight. This method 
facilitates a Way to build higher capacity air conditioners, 
heat pumps, refrigerators or any other electroacoustic appli 
cation. Best of all, there are no internal heating problems as 
associated With conventional cooling systems. 
With reference to FIG. 6, the instant invention may 

alternatively employ rigid trumpeting baffles 44 for reducing 
the internal volume of the resonator 40 With a shape that 
reduces viscous losses in the gas mixture. The trumpeting 
baffles 44 decrease the internal volume of the resonator 40 
Which increases the percentage of displacement of gas With 
each stroke of the disk 11. As a result, the gas penetration 
into the thermal stacks 12 is increased With each stroke of 
disk 11 displacement resulting in higher poWer density for 
the unit. The trumpeting baffles 44 may be smooth in 
structure and made from a material knoWn to have loW 
resistance to ?oW. The baffles 44 may be manufactured from 
a plastic, ?berglass, steel, textile or other rigid like material. 
HoWever, the baffles are preferably manufactured from an 
insulation material to provide insulation from the exterior 
Wall and to reduce conduction and viscous losses that are 
knoWn to inhibit the How of gas. 

The baffles offer several other advantages. The baffles 44 
help to prevent an impedance mismatch betWeen the free 
resonator 40 volume and the thermodynamic elements 12, 
and prevent the formation of shock Waves in the gas mixture. 
Since trumpeting baffles 44 are preferably rigid, they may be 
attached or pressed against the ?exural disk 11 mounting 
ring to assist in the securing of the ?exural driver disk 11 or 
mounting ring. By placing the volume reduction trumpeting 
baffles 44 inside the resonator 40, the electroacoustic cooling 
engine 1 of the instant invention may be manufactured to 
reduce potential leaking since feWer joints Would be 
required. The insulating properties of the baffles 44 Will 
improve the ef?ciency of the operation of the instant inven 
tion. The baffles 44 alloW for the elimination of expensive 
steel piping transitions and the additional labor associated 
With the assembly process. 

In operation, the electromagnetic driver 10 oscillates the 
shaft 15 through a series of hot heat exchangers 13, cold heat 
exchangers 14 and thermal stacks 12 Which are positioned in 
thermal communication With each other. The stroke ampli 
tude preferably comprises approximately 5 to 15 percent of 
the volume betWeen the disk 11 and the heat exchangers 13, 
14. When driven, the acoustic driver disk 11 cyclically 
drives an acoustic standing Wave in the gas mixture on both 
sides of the disk 11 thereby increasing the usable cooling 
capacity by 100 percent. That is, both the forWard and 
backWard strokes of the disk are utiliZed. The tuning and 
suspension springs 23 support the shaft, prevent drag forces 
and eliminate all back pressure problems. In addition, the 
springs and electromagnetic driver 10 eliminate the need for 
lubricating bushing and bearings and alloWs for easier 
centering adjustments. The adjusting bolt 22 facilitates con 
venient ?ne tuning of the centering spring 23 so as to 
provide an alternate method for achieving resonance com 
pared to adjusting the gas mixture, a tedious and expensive 
process. This alloWs for standardiZation in the gas mixture 
for all units as opposed to having to provide different 
mixtures for each unit. The uniqueness of running the shaft 
15 through the center of the heat exchangers 13, 14 and stack 
assemblies 12 is facilitated by an energy transferring tech 
nique involving the driver mechanism 10, the driver disk 11, 
and the shaft 15. This design prevents the internal heating 
that is normally created by conventional electroacoustic 
engines that are driven from inside the electroacoustic 
engine. 
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The instant invention has been shown and described 
herein in What is considered to be the most practical and 
preferred embodiment. It is recognized, hoWever, that depar 
tures may be made therefrom Within the scope of the 
invention and that obvious modi?cations Will occur to a 
person skilled in the art. 
What I claim is: 
1. A electroacoustic cooling engine for cooling or heating 

a ?uid Working load, said engine comprising: 
a vessel for containing a compressible ?uid Which is 

capable of supporting an acoustic standing Wave having 
a predetermined Wavelength, said vessel having a ?rst 
volume and a second volume; 

driving means, supported by said vessel, for cyclically 
driving said compressible ?uid to simultaneously gen 
erate a ?rst standing acoustic Wave in said ?rst volume 
and a second standing acoustic Wave in said second 

volume; 
thermodynamic means, positioned inside said ?rst volume 

and said second volume, for thermally and indepen 
dently responding to said ?rst acoustic standing Wave 
and said second acoustic standing Wave so that said ?rst 
and second acoustic standing Wave independently 
cause heat to be pumped toWards said driving means; 

heat conductor means, in thermal communication With 
said thermodynamic means, for conducting heat aWay 
from said thermodynamic means; and 

cooling means supported by said vessel for cooling the 
?uid Working load, said cooling means being in thermal 
communication With said thermodynamic means. 

2. A electroacoustic engine as recited in claim 1, Wherein 
said driving means comprises: 

a driver disk movably secured inside said vessel betWeen 
said ?rst volume and said second volume; and 

means for cycling said driver disk back and forth to 
simultaneously generate said ?rst acoustic standing 
Wave in said ?rst volume and said second acoustic 
standing Wave in said second volume, said cycling 
means being partially disposed outside said ?rst and 
second volumes. 

3. A electroacoustic engine as recited in claim 1, Wherein 
said thermodynamic means comprises: 

a ?rst thermodynamic means having a ?rst end and a 
second end, positioned inside said ?rst volume, for 
thermally responding to said ?rst acoustic standing 
Wave to cause heat to be pumped from said ?rst end to 
said second end so as to thermally isolate said second 
end from said driving means, said ?rst end being closer 
to said driving means than said second end; and 

a second thermodynamic means having a ?rst end and a 
second end, positioned inside said second volume, for 
thermally responding to said second acoustic standing 
Wave, to cause heat to be pumped from said ?rst end to 
said second end so as to thermally isolate said second 
end from said driving means, said ?rst end being closer 
to said driving means than said second end. 

4. A electroacoustic engine as recited in claim 3, Wherein 
said heat conductor means comprises: 

a ?rst heat exchanger, in thermal communication With 
said ?rst end of said ?rst thermodynamic means, for 
conducting heat aWay from said ?rst end of said ?rst 
thermodynamic means; and 

a second heat exchanger, in thermal communication With 
said ?rst end of said second thermodynamic means, for 
conducting heat aWay from said ?rst end of said second 
thermodynamic means. 
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5. A electroacoustic engine as recited in claim 1, Wherein 

said heat conductor means comprises: 

a ?rst heat exchanger secured in said ?rst volume in 
thermal communication With said thermodynamic 
means for conducting heat from said thermodynamic 
means; and 

a second heat exchanger secured in said second volume in 
thermal communication With said thermodynamic 
means for conducting heat from said thermodynamic 
means. 

6. A electroacoustic engine as recited in claim 1, Wherein 
said cooling means comprises: 

a ?rst cold heat exchanger secured in said ?rst volume in 
thermal communication With a cold end of said ther 
modynamic means, for passing and cooling the ?uid 
Working load; and 

a second cold heat exchanger secured in said second 
volume in thermal communication With a cold end of 
said thermodynamic means, for passing and cooling the 
?uid Working load. 

7. A electroacoustic engine as recited in claim 3, Wherein 
said cooling means comprises: 

a ?rst cold heat exchanger in thermal communication With 
said second end of said ?rst thermodynamic means for 
passing and cooling the Working ?uid load passing 
through said ?rst cold heat exchanger; and 

a second cold heat exchanger in thermal communication 
With said second end of said second thermodynamic 
means for passing and cooling the Working ?uid load 
passing through said second cold heat exchanger. 

8. A electroacoustic engine as recited in claim 1, further 
comprising: 

at least one volume reducing baf?e secured inside said 
?rst and second volumes, said ?rst and second volumes 
having a volumetric siZe, said baf?es reducing the 
volumetric siZe of said ?rst and second volumes for a 
larger displacement percentage of the compressible 
?uid during each cycle of said driving means. 

9. A electroacoustic engine as recited in claim 2, Wherein 
said cycling means comprises: 

at least one shaft attached to said driver disk, said shaft 
extending through said vessel and partially disposed 
outside said vessel; and 

an electromagnetic driver secured outside said vessel for 
preventing heat transfer into said vessel, said electro 
magnetic driver being in magnetic communication With 
said shaft for electromagnetically driving said shaft to 
cycle said driver disk. 

10. Aelectroacoustic engine as recited in claim 2, Wherein 
said cycling means comprises: 

an electromagnetic driver secured outside said vessel to 
magnetically cycle said driver disk. 

11. A electroacoustic engine as recited in claim 9, further 
comprising: 
means for adjusting positioning of said shaft to obtain 

resonance. 

12. A electroacoustic engine as recited in claim 9, further 
comprising: 
means for mechanically achieving resonance When driv 

ing said shaft for increased efficiency. 
13. A electroacoustic engine as recited in claim 12, 

Wherein said resonance achieving means comprises: 
a spring connected to said vessel and said shaft. 
14. Aelectroacoustic engine as recited in claim 13, further 

comprising: 
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means for adjusting positioning of said shaft, said adjust 
ing means being in mechanical communication With 
said spring. 

15. Aelectroacoustic engine as recited in claim 1, Wherein 
said vessel has a length equal to 1A1 to 1/2 said predetermined 
Wavelength. 

16. A electroacoustic cooling engine for cooling a ?uid 
Working load, said engine comprising: 

a vessel for containing a compressible ?uid Which is 
capable of supporting an acoustic standing Wave having 
a predetermined Wavelength, said vessel having a ?rst 
volume and a second volume; 

a driver disk movably secured inside said vessel betWeen 
said ?rst volume and said second volume; 

means for cycling said driver disk back and forth to 
simultaneously generate a ?rst standing acoustic Wave 
in said ?rst volume and a second standing acoustic 
Wave in said second volume, said ?rst acoustic standing 
Wave and said second acoustic standing Wave having a 
frequency corresponding to a length of said vessel, said 
cycling means being partially disposed outside said 
?rst and second volumes; 

thermodynamic means, positioned inside said ?rst volume 
and said second volume, for thermally and indepen 
dently responding to said ?rst acoustic standing Wave 
and said second acoustic standing Wave so that said ?rst 
and second acoustic standing Waves independently 
cause heat to be pumped toWards said driving disk; 

a ?rst heat exchanger disposed in said ?rst volume in 
thermal communication With said thermodynamic 
means for conducting heat toWards said driver disk; 

a second heat exchange positioned in said second volume, 
in thermal communication With said thermodynamic 
means for conducting heat toWards said driver disk; and 

cooling means supported by said vessel for cooling a 
Working ?uid load, said cooling means being in thermal 
communication With a cold end of said thermodynamic 
means for cooling a ?uid Working load. 

17. An engine as recited in claim 16, Wherein said 
thermodynamic means comprises: 

a ?rst stack element disposed in said ?rst volume betWeen 
said ?rst heat exchanger and said cooling means; and 

a second stack element disposed in said second volume 
betWeen said second heat exchanger and said cooling 
means, said ?rst and second stack elements being 
manufactured from a non-metallic material having poor 
heat conductive properties. 

18. An engine as recited in claim 17, further comprising: 
means for providing space betWeen each level of said ?rst 

stack element and said second stack element, said 
spacing means comprising a non-conducting material. 

19. An engine as recited in claim 16, Wherein said ?rst; 
heat exchanger and said second heat exchanger comprise: 

a multi-layered copper tubing for passing a Working ?uid. 
20. An engine as recited in claim 19, Wherein said ?rst and 

second heat exchangers further comprise: 
a plurality of thin, metallic plates intersecting said ?rst 

and second heat exchanger betWeen said layers. 
21. An engine as recited in claim 16, Wherein said driver 

disk comprises: 
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a disk sealingly dividing said ?rst volume from said 

second volume, said disk being attached to said ves 
sel’s inner Walls, said disk having a rigid midsection 
and a pliable outer peripheral edge so as to facilitate 
cycling. 

22. A electroacoustic cooling engine comprising: 
a pressuriZed vessel for containing a compressible ?uid 
Which is capable of supporting an acoustic standing 
Wave having a predetermined Wavelength, said vessel 
having a ?rst volume and a second volume; 

acoustic driver means for generating a ?rst acoustic 
standing Wave in said ?rst volume and second acoustic 
standing Wave in said second volume at a frequency 
corresponding to said predetermined Wavelength, said 
?rst and second standing Waves being supported and 
driven by said acoustic driver means and a compress 
ible ?uid at a frequency corresponding to said prede 
termined Wavelength, said acoustic driver means com 
prising a driver disk being secured and positioned 
betWeen said ?rst and second volumes, said acoustic 
driver means being electromagnetically cycled from 
outside said vessel; 

a ?rst thermodynamic means, positioned inside said ?rst 
volume, for thermally responding to said acoustic 
standing Wave to cause heat to be pumped from a ?rst 
end to a second end, thereby thermally isolating said 
second end from said driver disk, said ?rst end being 
proximate said driver disk; 

a second thermodynamic means, positioned inside said 
second volume, for thermally responding to said acous 
tic standing Wave to cause heat to be pumped from a 
?rst end to a second end, thereby thermally isolating 
said second end from said driver disk, said ?rst end 
being proximate said driver disk; 

at least one heat conductor means, in thermal communi 
cation With each of said thermodynamic means, for 
conducting heat aWay from said ?rst end of said ?rst 
and second thermodynamic means; and 

at least one cold heat exchanger, in thermal communica 
tion With each of said thermodynamic means, so as to 
cool a ?uid Working load passing therethrough. 

23. Aelectroacoustic engine as recited in claim 22, further 
comprising: 

at least one volume reducing baffle secured inside said 
?rst and second volumes, said ?rst and second volumes 
having a volumetric siZe, said baf?es reducing the 
volumetric siZe of said ?rst and second volumes for a 
larger percentage displacement of the compressible 
?uid during each cycle of said driving means. 

24. A electroacoustic engine as recited in claim 22, 
Wherein said electromagnetic acoustic driver means com 
prises: 

at least one shaft attached to said driver disk, said shaft 
extending through said vessel and partially disposed 
outside said vessel; and 

an electromagnetic driver secured outside said vessel for 
preventing heat transfer into said vessel, said electro 
magnetic driver being in magnetic communication With 
said shaft for electromagnetically driving said shaft to 
cycle said driver disk. 


