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Introduction

Experimental setup

Out-of-equilibrium hypersonic jet spectroscopy -

Astronomical observation

/ﬂ Absorption/emission spectra

captured by space telescope

Hypersonicjet

* initially heated up to 2000 K
* sudden drop of molecular collisions

*» strong decoupling of the internal degrees * high-finesse optical cavity
of freedom of the molecules

Atmosphere modelling . . & Laboratory astrophysics data
Pressure/ temperature/ a Sy ey e From known molecules at
concentration profile S ¥ significant temperatures
retrieval PRI

» uniform shape with
isentropic core

rapidly

* vibrational temperature remains
very close to the initial one
* relative high density

hot shear layer

Theoretical molecular model * several hundreds Kelvin

Calculation of synthetic '
spectra at high temperature &'/

* rotational temperature relaxes
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Cavity Ring-Down Spectroscopy

Oscillations 50 Hz
o

Laser
injection

D) —» | Detection

* ultra-sensitive technique
* 675 m optical path

* IR spectrum (1.5 um range) Fig.1: Out-of equilibrium spectroscopy

* fibered DFB butterfly laser diode

* laser diameter: 0.5 mm }\dapter

* ring-down time: 180 us 3-Graphite bar

4-Containment tube

* resolution max.: 10 cm™ _ —— 1-Nozzle

5-Thermal shield
2-Electrodes

nozzle

Step 1

Outlet (R
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assuming inviscid flow

steepest-descent optimization method

I :
achieve zero normal velocity at the outlet . : Graphite,

B temperature resistantu
area = reduced flow divergence P P

viscous simulation ' to 2000K
Navier-Stokes equations

Characterization of the flow

Numerical simulation 2D Pitot probe
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Fig.5: Scheme of the 2D Pitot probe!

Fig.4: Radial density of the isentropic core alongthejet’s axis

Advantages To be improved

v’ Low temperature in the isentropic core  ynwanted shear layer absorption
v’ Relatively high density (few 106cm3) (rotationally hot gas)

v’ Radially uniform core over @15 mm
v’ Tunable initial reservoir temperature
and pressure

Design of a planar nozzle for reducing the
shear layer effect and for lengthening the
optical path by a factor of 10
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Fig.2: High-enthalpy source

Cavity Ring-Down Spectroscopy
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Fig.6: CRD Spectrum of methane

Performance

The reduced Doppler
broadening facilitates the
identification of the
isolated spectral lines.
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Absorption coefficient
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personic je GS depopulated (low cold
(IPR) band intensity)
High vibrational levels
thermally populated
~ (Intense hot bands)

" Static gas 81K (LiPhy??)

Cold bands Cold bands only
(molecular population is

~mainly on GS)

Discussion:

» simplified rotational structure of the hypersonic spectrum (1.5 um range)

» without depopulating the highly excited vibrational energy levels whose
analysis is really challenging under equilibrium conditions

» in progress: implementation of a planar nozzle
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