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because of the comparatively larger
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Urzay, J., & Di Renzo, M. (2021). Annual Research Briefs, Center for Turbulence Research, 7-32.

uc3m %

Thermochemical
effects on hypersonic
shock waves
interacting with weak
turbulence

A. Cuadra (presenter)
C. Huete, M. Vera,
J. Urzay

Motivation

Effects of dissociation
and vibrational
excitation on the mean
post-shock quantities

LIA of turbulence
interacting with
hypersonic shocks

Extension for real air
mixture

Conclusion

UNIVERSIDAD DE MALAGA



https://www.uc3m.es/
https://acuadralara.com
http://fluidosuc3m.es/people/chuete/
http://fluidosuc3m.es/people/mvcoello/
https://web.stanford.edu/~jurzay/
https://www.uma.es/
https://www.uma.es/

Motivation ue3m §

Thermochemical
effects on hypersonic

shock waves
interacting with weak
turbulence

HEAT BARRIER | A. Cuadra (presenter)

// //// C. HL{Je.tLeJ,rL\Aa_yvera_
_X \ ‘ e Motivation

Shuttle Orb\ley‘ Apollo \ | Effects of dissociation
\ and vibrational

| excitation on the mean

freestream unit Reynolds no. [1/m]

‘ O,vibration N,vibration 0, dissociation ‘N dissociation r
101 onization ™ post-shock quantities
100 . 5 . 2 LIA of turbulence
10 10 10 interacting with
() stagnation enthalpy [MJ/kg] hypersonic shocks
Urzay, J., & Di Renzo, M. (2021). Annual Research Briefs, Center for Turbulence Research, 7-32. Extension for real air
mixture
Hypersonic flight at low altitudes is characterized by: Conelusion
High free-stream Mach numbers Ma > 5 * large normal Mach numbers
High free-stream and post-shock * turbulent boundary layers

unit Reynolds numbers Re ~ 107 — 10° m”
High stagnation enthalpies ho ~ 5 — 30 MJ/kg * much higher than the vibrational specific energies
of Oz and N»
+ Small mean free paths A ~ 0.1 yum * short vibrational relaxation distances
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Effects of dissociation and vibrational excitation on the mean post-shock quantities
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Endothermicity due to dissociation and
vibrational excitation does the following:

® increases the mean post-shock density
® decreases the mean post-shock velocity

® decreases the mean post-shock Mach
number

® decreases the mean post-shock
temperature
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At hypervelocities (Ma = 10), the calorically perfect gas approximation predicts a saturation
in the amplification of kinetic energy and turbulence intensity, along with a decrease in the
turbulent Reynolds number accross the shock.
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LIA of turbulence interacting with hypersonic shocks: Vibrationally Excited, Dissociating Gas

ucdm z

Turbulent Kinetic Energy

'
1
1 Lo— 1
1
1
0.8 +
1
2.5 0.6 \
« ]
0.4 \
1
0.2 \

Calorically perfect gas

5
L5 Dissociation ()
< 1%
/ * 99%
/
1 s s ‘ s
1 5 10 20 40

Pre-shock Mach number

In contrast, the incorporation of dissociation and vibrational excitation predicts larger kinetic
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energy and turbulence intensity amplification rates, along with an increase in the turbulent

Reynolds number accross the shock.
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Conservation of tangential momentum dictates that the transverse velocity fluctuations
should increase across the shock — these are larger at hypersonic velocities because of the
associated larger post-shock densities induced by endothermic thermochemical effects.
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Extension for real air mixture. Preliminary results
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In case of a real air mixture (recombination in multi-species gas and electronic excitation)

there is a significant decrease of the peaks values of TKE. However, the qualitative picture
remains intact.

°Exlension for real air
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Conclusions

LGACL CEVENE

Significant departures from calorically perfect gas behaviour can be observed in the
solution even at modest degrees of dissociation of 1%.

The amplification of TKE doubles that observed in calorically perfect gases, with
most of the content of TKE downstream in form of vortical modes.

The turbulent Reynolds number is amplified across the shock at hypersonic Mach
numbers in the presence of dissociation and vibrational excitation, as opposed to
the attenuation observed in the calorically perfect case.

Preliminary results show that real air mixture share qualitative results, but with lower
amplitudes.

Thermochemical effects arising at hypersonic velocities appear to enhance
turbulent fluctuations in the post-shock gas.

Huete, C. et al. (2021). Thermochemical effects on hypersonic shock
waves interacting with weak turbulence. Physics of Fluids, 33(8), 086111
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