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Background

« Acoustic waves in fluids with negative fundamental derivative of gasdynamics I'
exhibit behaviour opposite to that in flows with I" > 0

* Finite amplitude acoustic waves in BZT fluids with temperature gradients — not
widely investigated!]

- For example, in long ducts containing organic fluids in BZT conditions

« Since I' is sensitive to T, such mediums can impact wave propagation & shock
formation significantly
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* To investigate the effect of T gradient on both the wave propagation and

shock formation

 ldentify critical parameters to quantify/characterise effect of given T

gradient on propagating nonlinear distortions
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Simulating a nonlinear distortion
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Westervelt Equation!23]

Linear Wave Equation Nonlinearity term

po (9%p
— Densi r=pg=1+
p — Density L 2c§<6v2) )
5;p—p0

p — Pressure Y
Dissipation term

Co, Po - SOUNd speed, density @ rest

[2] W. Lauterborn, T. Kurz, and I. Akhatov. Nonlinear acoustics in fluids. In Springer Handbook of Acoustics, pages 265-314. Springer, 2014.
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Numerical Setup

« 2 order Finite Difference Time Domain (FDTD)*!

 Domain dimensions — 9 min length, dx =1 mm, dt =1 us

« Medium properties — D6 @ 9 bar & 369 °C where I' = —0.15 — REFPROP!>:8l
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Interpreting Results
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Results & Discussion
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Waveslope — medium with sine T variation
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Wave propagation — linearly increasing T
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Factors influencing wave steepening

I—*Y
O

d 1 F+13dc+6dp
dxXu,] ¢ u|2dx  2pdx

« Tangent to slopelll:

 When the tangent is zero:

1
[=——Y
Uq

« When T is also zero, sinceY + 0 = 1/u; = 0 = special case when the wave just

shocks

[1] S. Muralidharan and R. Sujith. Shock formation in the presence of entropy gradients in fluids exhibiting mixed nonlinearity. Physics of Fluids, 16(11):4121-4128,
2004.

7 |
TUDelft & Eropuision 12



Gap decreases with 1 /u,
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Conclusions

« Sign and magnitude of I' sets the general trend for a steepening nonlinear

distortion

« Locally, varying sound speed and density has significant impact on

behaviour of wave
- Nonlinear rarefaction waves can relax even whenT' < 0

- Vice-versa for compressions
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* Results show effect of medium temperature gradient on nonlinear wave

propagation before shock formation

« How does it affect shock formation?

- Preliminary results - waves can shock earlier when T varies when compared to

homogeneous conditions

- Ongoing work to analyse and identify relevant parameters linking medium

disturbance and the wave properties
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Thank You!!
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