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What is DeltaEC? 
Design Enviroment…

Complete system treatment, wherever possible.
– Physics:  

• Stacks, Heat Exchangers, Ducts, Cones, Transducers, Lumped Elements, 
Insertion Loss, Branch and Return, Piston Radiators, “User Math”  

• Large thermophysical library
• Mean Flow, Mixture Separation (now with temperature gradient),  Vibratory 

Effects
– Philosophy: means to an end

• Flexibility over simplicity, function over form
• Intuition over…prohibition!
• Always grounded in experiment (within limits)

– Version 6 now adds:
• Colorizing editor
• Tabbed multi-model display
• Dedicated dialogs for editing and controls/results
• Integrated plotting
• Graphical verification/editing
• Interlinked models with sequential execution
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What is DeltaEC? 
…for Low-Amplitude…

“Acoustic Approximation,” but not strictly “Linear.”
– Steady state, single frequency, does not implicitly treat most 2nd-

order effects.
– One-dimensional integration plus boundary layer (with some 

twists).

Global variables: type of gas, mean pressure, frequency.
Local variables: p1, U1, Tm, H, geometry, steady flow, mole fraction...
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What is DeltaEC? 
…ThermoAcoustic…

• Thermoacoustic effects in temperature gradient 
elements (stacks and stack-ducts), but also:

• Mean Flow, Mixture Separation,  Axial Force 
calculation (up to 8 equations integrated):  

dF1/dx = rmU1
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What is DeltaEC?
…Energy Conversion

In other words,
– Prime Movers
– Refrigerators
– Standing Wave
– Travelling Wave
– Duct Networks
– Or any 1-D acoustic system, driven electrically 

or acoustically.



AET-6: NDE  Development Team

Numerical Approach

• 1-D ‘Model’ is composed of ‘Segments’
– Segment name defines its character/algorithms.
– Parameters (input) define its geometry.
– BRANCH/UNION allow for ‘network’ configurations.

• BEGIN segment establishes Initial Conditions and fluid
• Integration along x
• For a solution of order N:

– N ‘Guesses’ are input parameters that are flexible or 
unknown: (f, p1, U1, …)

– N ‘Targets’ are results (output parameters) we want to 
constrain to a specified value (provided by a special input 
parameter).  Example: HARDEND allows complex U1 /p1 to be 
forced to zero.

– Iteration until all targets are met within tolerance.
• Iterator is a non-linear root finder based on the Powell 

Hybrid Method (Newton-Raphson with fallback to 
Steepest Descent algorithm). See DNSQ (SLAC library) or 
fsolve (MINPACK).

x
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Python User Layer:

Editor

Displays

Controls

File I/O

Linkages

Options

System calls

Inter-Model Pars

Plot Loop Execution

Software Hierarchy

Compiled Core

Model (segment/parameter list)

•Segment Algorithms

•Thermophysical 
Library

•Integrators

Core FORTRAN 
code is now 
mostly static 
(new coding 
only for bug 
fixes or new 
physics).

Python coding for 
the tricky bits:  
user interface, 
graphics, 
interactive 
features, test 
framework, 
new 
extensions.

N-L 

Solver
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Consequences of Direct 
Integration  & Solver Approach

• Advantages:
– Speed
– Flexibility
– Good, rapid feedback (in latest versions)

• Disadvantages:
– Convergence is sometimes elusive (but, there is often a good 

physical reason!).
– Reasonable Initial Conditions are essential.
– Appropriate iteration vectors (Guess/Target) are necessary, 

hence:
• The DeltaEC conundrum:

– Intuition is required from the start.
– Successful solutions yield intuition.
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Software Role in Our Lab
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Split Complicated Models 
and Inter-link Parameters
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Example: Revisit the 
Impedance Tube

pA

pB

s

Sample:

Impedance = 
ZS

L
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ISO/ASTM 2-mic vs. 
Integrated Results 

(simulated!)
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DeltaEC Impedance 
Tube??!

• DeltaEC outputs (HARD/SOFTEND) are finally results, not targets!
– Instead we need two intermediate targets to generate the solution,

• E.g., pA/pB (mag and phase)…one complex FRF.
• …or?

• Why would anyone ever try this (outside of a presentation)?
– In effect, it calculates and uses complex k automatically, from first 

principles, for moderate amplitudes.  Inputs: mean pressure, 
temperature, gas, tube material.  Good for very reflective samples?

– Turns singularities at s ~ λ/2 into mere ‘ambiguities’ (continuity can 
resolve).

– Can compensate for non-uniform duct temperature.
– In situ measurement? Tube diameter can vary (smoothly), harsh 

environments, odd mic placements allowed…(upper frequency limit 
imposed by diameter still applies).

– Conceivably a single point method (if source phase is precisely known); 
adaptable to multipoint methods.

– Some interesting metrics available:  resonator dissipation/sample 
dissipation, driver performance,
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So What About 
Thermoacoustics?

Every duct will try to develop temperature gradient, 
but in everyday  acoustics, it is flattened.  
– Change our tube to STKDUCT segments,
– Insulated plastic, thin-wall tube at 100 Pa (Kapton, 

t=0.15mm, SPL=134)
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See also:

Impedance Measurement Standards:
ASTM-C-384, ASTM-E-1050
ISO 10534-1&2

Download DeltaEC at www.lanl.gov/thermoacoustics/
Current versions:

• PC/Windows
• Mac OS X: Intel, or PPC (but not ‘Fat’)
• Linux…soon

Paper 4pED5 : 
“DeltaEC is also an Acoustics Teaching Tool”

Steven L. Garrett: sxg185@psu.edu
Education in Acoustics: Acoustics Education Software

Paper #612 – Available in Proceedings of Acoustics ‘08

http://www.lanl.gov/thermoacoustics/�


AET-6: NDE  Development Team

Extra Slides…
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Software Design

• Compiled Core Library (FORTRAN), begun in 
1984.

• Python language (python.org: byte-compiled) 
for:
– User interface and interactive features.
– ‘Wraps’ FORTRAN library calls
– Extra Python library dependencies:

• wxPython (wxpython.org:  graphical widgets)
• NumPy (scipy.org:  array and numerical functions)
• py2exe|py2app (to package as an 
• executable)
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Why Python?

• Open Source
• Portability
• Many supporting libraries available for all target 

operating systems.
• Ability to ‘wrap’ libraries from compiled 

languages
• Very object oriented, reusable design is 

possible.
• Good tools available for free (development 

environment, debuggers, self-documenting and 
automated testing frameworks).

• Much faster to code than C (but slower 
execution).

• ‘Future-proofing’
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