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Related TRL 6 Operating Equipment
Looped Design, Multi-Stage
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Figure 1. General arrangement of the current propane-

driven thermoacoustic generator.
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TRL-4 Thermoacoustic Demo — Single-Stage
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Reverse Thermoacoustic Result
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Reactive Pressure Power Gas Springs

Power Triangle

Apparent Power
Measured in VA

S=VI

S Q

Reactive Power

Measured in VAR * Mechanical Spring ~1e5 N/m

S= “_(Pj*' Q’) 4= visne * Plus Reactive Gas Spring
] 2
m: Y _I;(W D) i Qe 1 Qright
Active, Real orlTrue Power @ Double-acting piStOﬂ with
”"aé‘i’fﬂ ICr‘,]o?Ba . www slectricaltechnology.org Pout gas spring on both sides

The moving piston can oscillate faster since it has both
mechanical and gas spring stiffness in this configuration.
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DELTA Converter Cross-Section @

Hot HX

Energy flow
direction

Simple tubular
construction

Cold HX

Alternator
Double-Acting Push/Pull Piston
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DELTA Operation

Double-Acting Push/Pull Single Piston

Multiple Thermo-acoustic Stages

DELTA or Toroidal Shaped Simple Tube Geometry

No hot moving parts, no large springs, high frequency
operation

Multiple heat inputs, no electric feedback, easy control
Low cost, high specific power, no maintenance
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e Represent all known physics in the engine
* Require specialized numerical resolution to

@ Navier-Stokes Equations

3 - dimensional - unsteady
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Traveling Wave Basic Principles —

Helium oscillates



DELTA Stage Physics

Advanced Air Transport Technology Project
Advanced Air Vehicle Program

regenerator
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Thermal buffer tube
(TBT)

cold hot

cold

Simplified physical appearance
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Thermodynamic Cycle
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Gas displacement boundary
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Thermal Buffer Tube/Pulse Tube

TBT

hot cold

—> —>

Isolates hot from cold parts

Transmits PV power, like a compliant displacer
Adiabatic (ideally)

e Except for jets, streaming, turbulence, etc.

Advanced Air Transport Technology Project
Advanced Air Vehicle Program

12



Two stage cascade

Physical
transducer
boundary
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PV Phasing
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Stage 1 Stage 2

P

P, phasors everywhere nearly constant

U, phasors progressively lag due to volume (compliance)
Ideally, P, and U, in phase in regenerators

Gas inertia (inertance) can be used to counter U, lag
E.g. Swift inter-stage inertance tube

Modeling tools like Sage automatically account for
distributed compliance and inertance
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End Transducer Options
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P, high, U, low i

P, low, U, high —

Impedanceis P, / U,

High Impedance
(Piezo or magnetorestrictive)

Low Impedance
(Moving Magnet actuator)
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High Impedance Matching

Impedance
matcher

Impedance
matcher
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e Quarter-wave solid resonator converts
low stirling impedance to high
transducer impedance

e Low Dissipation losses critical

e Coef of restitution > 0.9999

e Three-dimensional effects?

e Piezo transducers prefer higher frequency
than stirling thermodynamics allows
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Low Impedance Matching

* Moving magnet linear transducers
can intrinsically match stirling
Impedance

« But have relatively high
reciprocating mass compared to
piezo transducers

* Limiting maximum operating
frequency without external springs

Qdrive linear motor unless reactive pressure spring is

used as in DELTA
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Regenerators
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f=Darcy friction factor

N, = Nusselt Number, h d/k —

. . . . . - Stagnation Zones
N, = effective gas conductivity due to thermal dispersion as a .
fraction of molecular conductivity —

Re = REVI’]O'dS numbe L pu d/u Wakes and eddies increase AP and thermal dispersion (axial conduction losses)
Thermal dispersion was measured/simulated during DOE & NASA efforts
P, = Prandtl number, C, u/k

Stagnation zones tend to decrease heat transfer
d = hydraulic diameter

Blowby at wall, wall-caused flow non-uniformities found to be potential
random-fiber/wire screen regenerator losses
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Linear Alternator Exploded View
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summary

 Similar basic configurations already demonstrated at low frequency
* Multi-stage design available but only sub-components tested

* Final step is assembling entire unit to operate at high frequency
* Mass reduces since linear machine is operated at high frequency
* No hot moving parts or maintenance required

* Simple construction with mostly porous acoustic heat exchangers and
waveguide tubes

* Linear machine can be commercially purchased



