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Motivation

Expansion tubes — UQ’s X2, X3
» Unsteady processes

* Free piston driver, unsteady driver gas slug

* Diaphragm openings
* Unsteady expansions
e Large boundary layers
» Shock speed attenuation

» Strong propagating shock
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compression tube (ct)

s = shock

rs = reflected shock
cs = contact surface

sx = steady expansion
usx = unsteady expansion
u + a = reflected characteristic
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Motivation

1D, hx = 0.5e-4
25000 — 1D, hx = 0.25e-4
e X_min = 0.5e-4, hy = 1e-5
e AX_min = 0.5e-4, hy = 0.5e-5
e X MIN = 0.25€-4, hy = 1€-5
Non-reflected shock tubes — X2 (NRST mode), NASA EAST 20000 i e

* Thermochemical non-equilibrium
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Shock — chemistry coupled problem

e CJ detonation wave
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Approach

* Need to resolve:
* Shocks / contacts propagating length of facility
 Boundary layers

* Unsteady processes 91:) 95;
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* Options: 1 ;
* Refinement 92_?_ 96_?_ -
. Adaptive mesh refinement 0 025 05 075 1 0 025 05 075 1
* Overset meshing 1 1 —

» Shock tracking b e
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Gnoffo, P. A.,“Solutions of nonlinear differential equations with feature detection using fast Walsh transforms,”Journal of Computational Physics,
Vol. 338, 2017, pp. 620-649. https://doi.org/10.1016/}.jcp.2017.03.016.



Walsh function interpolation
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Feature detection with Walsh functions .

x* =0.31235

x* =0.375

u; = sin(x;) + 2H(x; — x*)
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Polynomial curve fit

K
fx) = ) )
k=0

Least squares fit with smooth basis functions, via Walsh
function fit
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f(x) —u

Polynomial curve fit to smooth data

U; = cos(x;)
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Polynomial curve fit to shocked data
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f(x)

Walsh function reconstruction stencils

2‘0_ 'C 2.0_ _/’a./;
L o
1.5 / 1.5
1.0 =, 1.07 =
PR — - ;\\\_ -
0.5 » 0.5
('
—_—— —— . e, e
0.0- = 0.0- =
— J— ; e, w—
/R - f(x)
_0.5 T : - ?(X) _0.5 T N f(X)
—— MUSCL BN —— flx)
N/ MUSCL, lim-L. N | WFR
—1.0- MUSCL, lim-R —1.0- WFR+correction
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0



Reactive Euler equations

u + F(a), = S(u)
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Zel'dovich, von Neumann, DoOring
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CJ detonation wave — shock capturing
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CJ detonation wave — shock tracking
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P-v plots
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CJ detonation wave — shock tracking
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Concluding remarks

* Gnoffo’s shock-tracking approach modified to reduce computational costs and improve accuracy
* Shock-tracking demonstrated on detonation wave problem
* Modified gas model required for this shock-tracking approach on coarse domains

 Method has been extended to 2-d with basic shock-tracking
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