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ACOUSTIC ENERGY DRIVEN FLUID PUMP AND METHOD

BACKGROUND OF THE INVENTION

The present invention relates generally to the pumping of gaseous fluids by utilizing

acoustic energy as the pump operating medium or driver, and, more particularly, to such fluid

pumping wherein a diffuser is coupled to an acoustic energy source such as a pulse

combustor to subject the fluid in the diffuser to a frequency and a pressure amplitude

5 adequate for inducing fluid flow through the diffuser without the benefit of a mean pressure

differential across the diffuser. The United States Government has rights in this invention

pursuant to the

inventors.

employer-employee relationship of the U. S. Department of Energy and the

Pulse combustors are of interest for use in many applications including those

10 associated with propulsion, space heating, gas turbines, and other applications where the

hot combustion gases can be effectively utilized. Pulse combustors typically comprise a

combustion chamber fitted with mechanically operated valves at the air inlet or with an

aerovalve-type air inlet, a fuel supply, and a tailpipe through which is discharged the

combustion products produced by the intermittent combustion of discrete charges or

15 mixtures of fuel and air in the combustion chamber. The tailpipes of pulse combustors are

usually in the form of elongated, rectangular or cylindrical, constant-area tubes or elongated

variable-area tubes known as diffusers. During the operation of a pulse combustor, unsteady

energy, i.e., acoustic energy, is generated by the periodic combustion of the discrete charges

of the fuel-air mixture. It is well known that the availability of this acoustic energy permitted

20 the length of the tailpipes to be selectively tuned to some periodic relationship to the

oscillating frequency produced by the pulsing combustion cycle so as to promote the

scavenging or removal of the hot gaseous combustion products from the combustion

chamber as well as enhancing heat transfer within the tailpipe. Pulse combustors are well
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known and described in the literature such as in the publications entitled “Pulse Combustor

Tail-Pipe Heat-Transfer Dependence on Frequency, Amplitude, and Mean Flow Rate”, by

John E. Dec et al, Combustion and Flame, Vol. 77, 1989, pp. 359-374, and in the article

entitled “A Survey of Historical Development”, at pages 1-23 contained in the publication

5 “Engineering Applications of Unsteady Fluid Flow”, by P. H. Azoury, John Wiley & Sons,

1992. These publications are incorporated herein by reference.

As generally described in these publications the selective tuning of the constant or

variable-area tailpipes invoked an injector-like action which scavenged the combustion

products from the combustion chamber. It is also reported in these publications that the

10 natural combustion frequency of the pulse combustor can be changed by varying the length

of the tailpipe. The choice of a variable area (diffuser) tailpipe over a constant area tailpipe

did not appear to be of any significance for effecting these previously known functions since

it was pointed out in these publications that the length of either type of tailpipe could be

selectively tuned to provide the desired scavenging operation. On the other hand, in the

15 utilizationof a diffuser-type tailpipe it is known that oscillations in the diffuser at a frequency

less than about 15 Hertz (Hz) amplified inlet velocity fluctuations of gaseous fluid within the

diffuser due to an interaction between the boundary layer and the inviscid core flow. Also,

it is known that by subjecting the diffusers to a forced unsteady flow, the separation of the

boundary layer could be delayed over that achievable without forced unsteady flow so as to

20 improve diffuser performance.

SUMMARY OF THE INVENTION

The present invention is directed to an even further improvement in the utilization of

diffusers in high amplitude, unsteady fluid-flow applications in that in accordance with the

25 present invention, longitudinal motion can be induced in a gaseous fluid contained within a
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tapered diffuser when subjected to acoustic energy such as from a pulse combustor within

a relatively narrow frequency bandwidth centered around the resonant frequency of the

diffuser within a relatively wide range of pressure amplitudes even in the absence of a mean

pressure differential across the diffuser.

In the present invention, the length of the diffuser and the taper angle determine the

resonant frequency and therefore the frequency bandwidth and pressure amplitude at which

bulk fluid motion (BFM) can be initiated and maintained through the diffuser. Thus, diffusers

can be designed to provide for BFM at the bandwidth of frequencies and pressure amplitudes

produced by pulse combustors as well as by other acoustic energy generating mechanisms

10 such as thermoacoustic engines and sound generators as provided by high frequency

speaker systems. Bulk fluid motion as achieved by the practice of the present invention is

observed at different, relatively narrow band widths in each of the conical diffusers that are

of different lengths and tapers. Further, BFM could be induced in variable-area diffusers of

increasing (preferably at least substantially uniformly) cross-sectional dimensions or taper

15 angles, but not in constant area piping. For a given pressure amplitude, the flow rate

increases with increasing cross-sectional area. The BFM frequency, i.e., the resonant

frequency of the particular diffuser, is determined by the length and taper angle of the

diffuser.

Accordingly, a primary aim or objective of the present invention is to provide for the

20 pumping of gaseous fluids within a pumping mechanism driven or operated by an unsteady

acoustic energy driver and the combination of such a fluid pumping arrangement in various

system configurations and with various acoustic energy generators.

Generally, fluid pumping in accordance with the present invention is provided by

pumping means which comprise: an elongated diffuser means defined by tapered wall

25 means of increasing cross-sectional dimensions from a first open end region thereof to a

second open end region thereof; means for coupling a source of the gaseous fluid to be
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pumped to the first end region of the diffuser means for filling the latter with the gaseous

fluid; and unsteady energy or acoustic energy generating means coupled to the diffuser

means for producing acoustic oscillations within the diffuser means at a frequency and

pressure amplitude sufficient for inducing longitudinal fluid motion to the gaseous fluid in the

5 diffuser means and thereby effecting or promoting the flow of the gaseous fluid longitudinally

through the diffuser means from the first end region towards the second end region of the

diffuser means.

The source of gaseous fluid can be air, a single gas or mixtures of gases (inert to

highly corrosive) and includes hot gases such as gaseous products of combustion provided

10 by the combustion of a fuel-oxidizer mixture within the combustion chamber of a pulse

combustor. Acoustic energy at the required frequency and amplitude can also be readily

produced in such pulse combustors or in a thermoacoustic engine, or by a simple amplifier-

speaker sound system.

The inducement or promotion of the flow of a gaseous fluid through fluid conveying

15 conduit means is achieved by the steps comprising: defining at least a portion of the conduit

means as an elongated, variable-area diffuser means having tapered walls of increasing

cross-sectional dimensions in the desired direction for fluid flow therethrough; contacting fluid

within the diffuser means with unsteady acoustic wave energy at an oscillating frequency and

amplitude sufficient to impart longitudinal flow to the fluid within the diffuser means in the

20 desired direction; and maintaining the oscillations at substantially the selected frequency and

amplitude for,a duration adequate to sustain substantially continuous flow of fluid through the

conduit means for the selected duration.

While the present invention is particularly useful in pulse combustor applications, it

will appear clear that the fluid pumping utility achieved by the practice of the present

25 invention can be utilized in any application where the promotion of fluid motion is desired and

where acoustic energy of a sufficient frequency and amplitude can be applied to the fluid
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within the diffuser. Such other applications will become evident upon viewing the description

below. Accordingly, since the diffuser pumping arrangement of the present invention can be

readily utilized for inducing bulk fluid motion to a fluid derived from any source and in any

location where a sufficient level of acoustic energy is available or can be made available, the

5 pumping of fluid as achieved by the present invention is not limited to use with pulse

combustors or any other acoustic energy producing engines or mechanisms such as

described below. For example, the present invention could be readily utilized in the inlet or

discharge ducting associated with compressors, gas turbines, furnaces, boilers, internal

combustion engines, or fluid piping to prdmote fluid flow into or away from associated

10 systems.

Other and further objects of the present invention will become obvious upon an

understanding of the illustrative embodiments and method about to be described or will be

indicated in the appended claims, and various advantages not referred to herein will occur

to one skilled in the art upon employment of the invention in practice.

15

DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram illustrating a single system for demonstrating the

fluid pumping utility achieved by the practice of the present invention;

Figure 2 is a graph illustrating the mass flow rate in grams per second (g/s) versus

20 frequency (Hz) achieved in the operation of the Figure 1 system or arrangement when using

conical diffuser one meter in length with an 8° tape~

Figure 3 is a graph illustratingdifferent resonant frequencies achieved with diffusers

of various tapers and lengths as determined by the operation of the Figure 1 arrangement;

Figure 4 is a graph illustratingthe peak mass flow rates in g/s achieved with diffusers

25 of different lengths and taper angles;
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Figure5 isagraph fudherillustrating the fluid pumping capabili~of the present

invention as evidenced by a pressure drop achieved in a housing upstream of the diffuser

when fluid flow through the housing and diffuser is denied;

Figures 6 and 7 respectively illustrate the normalized mass flow achieved at various

5 frequencies for a diffuser of one meter in length with a 2° taper and a diffuser of 0,5 meter

in length with 2° taper;

Figure 8 is a schematic diagram generally illustrating a simple system containing a

conical diffuser through which BFfvl is promoted when fluid therein is subjected to acoustic

energy at the resonant frequency of the diffuser

10 Figure 9 is a schematic illustration of one embodiment of the present invention in

which the fluid pumping arrangement is employed as the tailpipe of a pulse combustor and

in combination with a fluid utilization device or system;

Figure 10 is a schematic illustration showing another embodiment of the present

invention as used with a plurality of pulse combustors connected to the inlet manifold of a

15 gas turbine;

Figure 11 is a schematic illustrationof a further embodiment of the present invention

showing the fluid pumping arrangement in combination with a hot gas producer, an acoustic

signal generator, and a hot gas utilization device;

Figure 12 is a schematic illustration of yet another embodiment of the present

20 invention wherein the fluid pumping arrangement is used in a system combination with a

thermoacoustic engine and a closed-loop conduit system containing a heat exchanger; and

Figure 13 is a schematic illustration of a still further embodiment of the present

invention using a thermoacoustic engine as in Figure 12 but with a different fluid utilization

device.

25 Preferred embodiments of the invention have been chosen for the purpose of

illustration and description. The preferred embodiments illustrated are not intended to be
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exhaustive nor to limitthe invention to the precise forms shown. The preferred embodiments

are chosen and described in order to best explain the principles of the invention and their

application and practical use to thereby enable others skilled in the art to best utilize the

invention in vatious embodiments and modificationsas are best adapted to the particular use

5 contemplated.

DETAILED DESCRIPTION OF THE INVENTION

As generally described above, the present invention is directed to a fluid pumping

mechanism as defined by an open-ended diffuser of a suitable tapered configuration,

10 preferably conical, in which a gaseous fluid contained therein is subjected to unsteady

acoustic energy at a frequency band width centered around the resonant frequency and at

relatively high pressure amplitude for inducing motion in the fluid and thereby propelling it

through the diffuser even without the benefit of a mean pressure differential thereacross.

With reference to Figure 1, the utility of the fluid pumping mechanism of the present

15 invention is demonstrated by positioning a conical diffuser 10 of a preselected length and

taper angle in a horizontal orientation with the small diameter end region or inlet end 12

thereof connected to the interior of a housing 14. As shown, an air conveying tube 16 is

connected at one end thereof to the housing 14 and to the atmosphere at the other or free

end thereof. The housing 14 is shown fitted with an internal baffle arrangement 18 to obviate

20 oscillations in the air contained in the housing at the interface between the housing 14 and

the tubing 16. The diffuser 10, the housing 14, and the tubing 16 define conduit means for

the transfer or transport therethrough of a gaseous fluid (air) from a source (atmosphere).

It will appear clear that this gaseous fluid could be any gas or mixtures of gases at

atmospheric, sub-atmospheric, or super-atmospheric pressure.
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A coupling 20 in the tubing 16 provides for positioning a hot film anemometer 22

communicating in the fluid flow path through the tubing 16. The hot film anemometer 22 is

shown connected to a flow analyzer 24 for measuring flow velocity through the tubing 16

which is indicative of the mass fluid flow rate through the diffuser 10. A bubble flow meter

26 is also mupled to line or tubing 16 via a connection 28 so as to provide a measurement

of volumetric flow of the air through the conduit system. This flow meter 26 determines the

total volume of the so displaced air by timing the expansion of a soap film therein.

Additionally, an inclined manometer 30 is coupled to the tubing 16 at the connection 32 for

measuring the pressure of the air in the conduit system during the operation of the present

invention.

The unsteady acoustic energy source for providing the acoustic pressure oscillations

at the band width of frequencies and the pressure amplitude needed to induce BFM through

the diffuser 10 in accordance with the present invention is generally shown at 34. The

acoustic energy source 34 is shown comprising a speaker 36, an amplifier 38, and a signal

generator 40.

The particular fluid flow measuring devices and acoustic energy generator system

used in demonstrating the fluid pumping utility of the present invention are not at the point

of invention and each can be any of any suitable, commercially available type.

The sound level of the speaker in the embodiment of Figure 1 was analyzed while

simulating test conditions using a conventional sound meter (not shown) with the speaker

36 producing a special uniform output at each of a plurality of discrete frequencies in the

range of about 50 to 300 Hz and at each of a plurality of pressure amplitudes in the range

of about 120 to 126 decibels (dB). During each test with this embodiment, the pressure was

held at a relatively constant pressure within this range of pressure amplitudes. The effect

of the pressure amplitude on fluid pumping action was determined by using conventional

numerics.
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Based on the data relating to the influence that increasing pressure amplitude at the

resonant frequency has upon increasing fluid flow through the diffuser, it is expected that

even further increases in fluid flow can be achieved by corresponding increases in amplitude.

Thus, it will appear clear that after attaining the resonant frequency, selective variations in

5 pressure amplitudes can be suitably used to tailor the volume of bulk fluid transfer desired

of the particular diffuser and system application.

The diffusers 10 used in the Figure 1 arrangement were conical in shape with

relatively smooth inner wall surfaces and are formed of steel or stainless steel (16 gauge).

Four diffusers with an inlet opening of 0.75 inch, inner wall tapers at angles in the range of

10 2°, 5°, 8°, and 110 and each initially at a length of one meter (1 m) were tested.

Data was collected from each diffuser 10 at six different lengths by shortening each

diffuser 10 in 0.1 m increments from the larger end of each diffuser. To verify results

achieved with the Figure 1 arrangement, a mathematical calculation was conducted for each

diffuser 10 using a compressible, quasi-one dimensional method-of-characteristics model

15 as developed and described in a thesis entitled “Analysis of an Atmospheric-Aerovalved

Pulse Combustor”, by Michael C. Janus, December 1993, available at West Virginia

University Engineering Library and pages 29-48 of which are incorporated herein by

reference. This numerical or mathematical model incorporated surface forces in the diffuser

via a quasi-steady frictionfactor but did not account for.any boundary layer effects occurring

20 within the diffuser. However, as shown in the graphs in Figures 6 and 7 below, data from

the mathematical model closely corresponded to the data derived by the operation of the

Figure 1 arrangement.

As pointed out above, it is expected when operating the pump at the resonant

frequency the flow of the fluid will be increased with corresponding increases in pressure

25 amplitude. Also, while diffusers of a conical configuration at these particular taper angles

were tested in the embodiment of Figure 1, it is expected that the present invention can be
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successfully practiced with variable-area diffusers of other configurations such as square or

rectangular as well as with diffusers of other lengths, taper angles, and taper configurations

other than those with uniformly increasing cross-sectional dimensions.

The mathematical model provides a means for examining the effects that high

5 amplitude oscillations have upon bulk fluid flow in the various diffusers tested since high

amplitude oscillations were difficult to replicate with the setup of Figure 1. Thus, the

mathematical model can be used to substantially identify resonant frequency bandwidths and

desired pressure amplitudes for use in diffusers of various lengths and tapers when

employed in different applications with the final tailoring of the resonant frequency and

10 pressure amplitudes being provided by selectively adjusting the output of the acoustic energy

generator.

In accordance with the present invention, it will appear evident that the bulk fluid

motion can be induced in various diffusers within a relatively small range or bandwidth of

frequencies on either side of the resonant frequency where the greatest rate of fluid flow can

15 be achieved. Thus, for the purpose of the invention the term resonant frequency as used

herein includes the bandwidth of frequencies near the resonant frequency which provide

maximum bulk fluid motion and which achieves the desired amount of fluid flow for the

intended purpose.

As illustrated in Figure 2 a diffuser in 1 m length with an 8° taper provided a mean

20 in mass flow rate of 0.22 g/s of fluid through the conduit system when the diffuser was

subjected to its resonant frequency of 157 Hz and at a pressure amplitude of 36.3 Pa. The

BFM pattern shown for the fluid flow is indicative of all the BFM flow patterns achieved in the

diffusers tested although each “diffuser induced fluid flow at a different resonant frequency

at or near the same pressure amplitude.

25 Verification of fluid motion within and through each diffuser 10, as generally

represented by the data in the graph of Figure 2, was made using the bubble flow meter 26.
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The data from bubble flow meter 26 visually demonstrated the presence of the flow due to

the soap film steadily rising up the calibration column as air from the atmosphere is propelled

through the conduit system by the fluid pumping action achieved by the practice of the

present invention. Additional measurements made by the hot film anemometer 22 duplicated

the results of the bubble flow meter 26 while data from the inclined manometer 30 provided

futther confirmation of the extent of the induced flow.

The graph in Figure 3 illustrates the relationship of frequency versus diffuser length

for diffusers of various taper angles. As shown, increases in the length of the particular

diffusers results in decreases in the resonant frequency.

The graph in Figure 4 shows the peak mass flow rate at the resonant frequency for

different lengths of diffusers of various taper angles. This graph also shows that as the

diffuser length and taper angle increases the peak mean flow rate also tends to increase.

However, it is expected that this trend could be attributed to the operation of the Figure 1

arrangement since boundary pressure amplitude tends to decrease as frequency increases

so as to cause longer diffusers with larger taper angles to experience higher pressure

amplitudes. Also, with diffusers having relatively large taper angles the resulting larger

cross-sectional area of the diffuser at the speaker is believed to absorb a higher level of the

unsteady energy from the speaker.

The graph in Figure 5 illustrates the relationship of diffuser length to.pressure drop

in pascals (Pa) as achieved with diffusers at various lengths and taper angles when the

particular resonant frequency is applied to each of the diffusers and when the open end of

the tubing 16 is sealed to prevent the introduction of air into the tubing 16.

The mathematical calculation for selecting a particular diffuser length and taper angle

as briefly described above and the relationship thereof to the actual resonant frequency

achieved with diffusers 1 m and 0.5 m in length each with a 2° taper, are respectively is

illustrated in Figures 6 and 7. As shown, the data derived from the mathematical
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computation for selecting the required diffuser length and angle for peak mass flow at a

particular resonant frequency closely corresponds to the experimental data. The mass flow

data shown was normalized by the respective peak mass flow rate for each diffuser due to

the fact that pressure amplitudes will vary across each diffuser. As shown, the mathematical

calculation slightly under predicts the actual resonant frequency required but is sufficiently

close thereto so as to enable a practitioner to substantially calculate the required length and

taper angle for a diffuser used in a particular application. Calculations of the resonant

frequency can also be made using acoustic relations such as described in the publication

“Fundamentals of Acoustics”, Kinsler et al, 1982. Relatively minor adjustments in the

operation of the acoustic energy generator can then be readily used to provide the resonant

frequency for the selected diffuser.

While it is not clear why bulk fluid motion is induced in diffusers at resonant

frequencies in the absence of a mean pressure differential, it is expected that with the

increasing cross-sectional dimensions provided over the length of the diffusers the wave

interactions at the resonant frequency will create a favorable state in which a greater portion

of the energy is utilized during the forward portion of the oscillation, i.e., the portion of the

oscillation moving toward the larger cross-sectional end of the diffuser, than during the

backward portion of the oscillation so as to effect BFM in the diffuser in a direction towards

the larger end thereof.

In Figures 8 through 13, syste~ configurations are generally illustrated in which the

acoustic pumping arrangement of the present invention is utilized with various sources of

acoustic energy and different types of gaseous fluids.

In Figure 8, a system application of the present invention is generally shown

comprising an acoustic energy generator as generally indicated at 42 which is coupled to

diffuser 44 of length (L) and taper angle (a) for promoting at the resonant frequency the flow

12
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of the gaseous fluid from source 46 through the diffuser 44 to a point of use as indicated by

the housing 48.

With reference to Figure 9, the acoustic pump of the present invention is incorporated

in a system utilizing a pulse combustor 50 for providing both a stream of hot gaseous fluid

5 in the form of spent combustion products and the sonic pulses or oscillations at the desired

resonant frequency of the diffuser and the desired pressure amplitude for respectively

providing the working fluid and the driver for effecting the fluid pumping action in accordance

with the present invention. As shown, the pulse combustor 50, which may be of any suitable

conventional design using mechanically operated inlet valves or aerovaive inlets for admitting

20

10 the combustion supporting medium, is shown with the exhaust tube or tailpipe thereof formed

by an elongated conical diffuser 52 having the smaller cross-sectional end 54 thereof

connected to the pulse combustor 50 for receiving a stream of combustion products

therefrom. The larger cross-sectional end 56 of the diffuser 52 is shown coupled to a

housing 58 for supplying the interior of the housing 58 with a stream of hot gaseous

15 combustion products for use in any suitable manner such as for space heating, chemical

processes, or any other director indirect use such as through a heat exchanger (not shown)

confined within the housing 58. Alternatively, if desired, the diffuser 52 can discharge the

stream of combustion products as augmented by the present invention directly into the

atmosphere for propulsion purposes.

The pulse combustor 50 is conventionally operated by the burning of a mixture or

blend of a fuel in liquid or gaseous form and an oxidizer such as air. As shown in Figure 9,

the fuel is typically conveyed into the combustion chamber 60 of the pulse combustor 50 or

into a suitable mixing chamber (not shown) upstream of the combustion chamber via a

supply conduit 62 containing a flow regulating valve 64 that maybe operated manually or by

25 any suitable automatic fuel control as generally shown at 66. The air is delivered into the

mixing chamber or combustion chamber 60 of the pulse combustor 50 through valved inlets

13
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such as provided by aerovalves but preferably by mechanically controlled valves such as

rotary valves as generally shown at 68 and which are periodically operated by a suitable

valve control mechanism shown at 70. By selectively adjusting the flow of the fuel and/or air

into the pulse combustor 50, the frequency of the pulse combustion can be readily

5 manipulated or tailored to occur over a relatively wide range of frequencies and/or pressure

amplitudes so as to provide the specific frequency levels and amplitudes needed for the

desired enhancement of fluid outputs through the diffuser 52. This promotion in the

displacement of exhaust gases through the tailpipeldiffuser 52 significantly enhances the

recovety or scavenging of the spent combustion gases from the combustion chamber 60 and

10 increases heat transfer in the tailpipe/diffuser 52 so as to increase combustion efficiency.

The embodiment in Figure 10 illustrates a plurality of pulse combustors 72 each

having a conical tailpipe/diffuser 74 and separate fuel and air inlet controls as in the Figure

9 embodiment. Each diffuser 74 is shown coupled to the inlet manifold 76 of a gas turbine

78 operated by the heat energy in the combustion gases produced in the several pulse

15 combustors 72. While three pulse combustors 72 are shown connected in parallel to the

inlet manifold 76 of the gas turbine 78, it will appear clear that any desired number of pulse

combustors 72 could be utilized in combination with the gas turbine 78. With the promotion

of fluid movement through the diffusers 74 as provided by the practice of the present

invention, the efficiency of the gas turbine is considerably increased over that achievable with

20 a gas turbine merely operated by the exhaust gases from the same number of pulse

combustors.

While the embodiments of Figures 9 and 10 utilize pulse combustors for providing the

unsteady energy needed for promoting or inducing BFM in exhaust gas streams passing

through the tailpipe/diffusers, the present invention can also be utilized with a simple burner,

25 boiler or combustor arrangement such as generally shown in Figure 11. As illustrated,

oxidizer burner, as generally indicated at 80, is connected to a conical diffuser

a fuel-

82 for
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propelling the combustion gases from the combustion chamber 84 of the burner 80 into a

housing 88 defining the particular fluid utilization device selected to receive the hot gases.

A sonic energy generator 86 such as a simple speaker arrangement as in Figure 1 and

capable of providing oscillations at the resonant frequency of the diffuser and the pressure

5 amplitude needed to promote the desired level of bulk fluid transfer from the combustion

chamber 84 can be placed in any suitable location where the acoustic energy produced

thereby can be acoustically coupled to the fluid stream within the diffuser 82 such as coupled

into the oxidizer feed line as shown, Hot combustion gases are propelled through the

diffuser 82 into the housing 88 by the fluid pumping action of the present invention in much

10 the same manner as if a blower or fan was,used for the same purpose.

The embodiments of Figures 12 and 13 illustrate a fluid pumping arrangement of the

present invention in combination with a thermoacoustic engine which can effectively convert

heat energy into acoustic energy. Thermoacoustic engines are well known in the art as

described in U.S. Patent 4,953,366 issued September 4, 1990, to G. W. Swift et al,

15 incorporated herein by reference. and used to generate acoustic energy at a sufficient

frequency and pressure amplitude for generating low temperatures in a pulse tube

refrigerator such as for cooling fluids to cryogenic temperatures.

Figure 12 is generally illustrative of a cryocooler of the type described in the U.S.

Patent 4,953,366 but which is modified to incorporate the fluid pumping arrangement of the

20 present invention to promote displacement of a working fluid through a heat exchanger used

for the heat input into the thermoacoustic engine. The thermoacoustic engine 90 is shown

comprising a heat input heat exchanger 92 located at one end of a heat exchanger 94 and

a heat removal heat exchanger 96 located at the other end of the heat exchanger 94. In the

operation of the thermoacoustic engine, the temperature differences across the heat

25 exchanger 94 between the heat input and the heat removal heat exchangers 92 and 96

provides the energy source for effecting changes in the fluid transversing the heat exchanger

15
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94, which changes produce acoustic waves as generally shown at 98. The thermoacoustic

engine 90 is coupled to a closed loop conduit system 100 shown comprising a conical

diffuser 102 coupled at the small end thereof to the thermoacoustic engine 90 near the heat

input heat exchanger 92 and at the large end thereof to a housing 104 containing the heat

exchanger 106 coupled to a suitable heat source such as a natural gas burner and used for

heating the fluid utilized for heating the hot end of the thermoacoustic engine 90. A pulse

tube refrigeration system, as generally shown at 107, or the like can be utilized with the

thermoacoustic engine 90 in a cryocooler similar to that described in the aforementioned U.S.

Patent.

In accordance with the present invention, the length and taper angle of the diffuser

102 is prescribed to provide BFM operating through the diffuser 102 at the frequency of the

thermoacoustic engine 90 to propel the fluid through the closed loop conduit system 100.

The operational frequency and the pressure amplitude of the thermoacoustic engine 90 can

be tailored to provide the desired resonant frequency at the pressure amplitude necessary

to achieve the desired level of BFM through the conduit system 100.

Figure 13 illustrates a system which, like the embodiment of Figure 12, utilizes a

thermoacoustic engine in combination with a conical diffuser for effecting or promoting

motion to a stream of fluid provided at atmospheric, subatmospheric, or elevated pressures

from a suitable source to a fluid utilization device 108 of any suitable type. A fan 110 may

be supported by the housing which contains the fluid utilization device to promote fluid

circulationwithin or through the fluid utilization device 108. The amount of BFM provided by

the present invention may obviate the need for such a fan.

It will be seen that the pumping of gaseous fluids by using the present invention

occurs without contacting the gaseous fluid with moving pump components such as fan

25 blades or the like.

closed or sealed

This feature permits the pumping of fluids, including corrosive fluids, in

systems without encountering sealing or wear problems heretofore
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encountered with mechanical pumps. The fluid pumping effect described herein utilizing

variable-area diffusers could be used in a variety of applications through the utilization, as

opposed to intentional elimination, of unsteady energy emanating from puise combustors and

the like.
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ACOUSTIC ENERGY-DRIVEN FLUID PUMP AND METHOD

ABSTRACT OF THE DISCLOSURE

Bulk fluid motion is promoted in a gaseous fluid contained within a conduit system provided

with a diffuser without the need for a mean pressure differential across the conduit system. The

contacting of the gaseous fluid with unsteady energy at a selected frequency and pressure amplitude

induces fluid flow through the conical diffuser. The unsteady energy can be provided by pulse

combustors, thermoacoustic engines, or acoustic energy generators such as acoustic speakers.
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