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SMAUG

Spectroscopy of Molecules Accelerated in Uniform
Gas flows

Objective: record high temperature spectral data

* Small hydrocarbons (CH,, C,H,, C,H,, C,H,)
*in controlled conditions

Challenges: HT spectra
* overcrowded for polyatomic molecules
* line-by-line analysis very difficult

Our approach:

* Decoupling internal degrees of freedom
* Trot << Tvib




Non-LTE spectroscopy

d

T=15K

co H
.I‘

b

T = 2000 K

CO

]

Ll
C
non-LTE 4-1 3-
)

N I
T ||H ‘I. .I‘ . |

6050 6100 6150 6200 6250 6300 6350 6400
Wavenumber /cm™

0

Absorption coefficient /Arb. units

Decoupling internal degrees of freedom of molecules
- high vibrational levels thermally populated
- high-J rotational levels thermally de-populated
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Hypersonic expansion (principle)
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Hypersonic expansion (principle)

— few molecular collisions
- low energy transfer V-T & V-R

- decoupled internal degrees of freedom

Adiabatic expansion:
1
cpTy = cpT + Euz
Speed Of gas u Ekinetic

Mach = = X
speed of sound  [yrT \ Ethermai

Accelerate the gas = Laval nozzle
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Hypersonic expansion (principle)
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Experimental setup
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CFD simulations and flow field analysis
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CFD simulations and flow field analysis
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CFD simulations and flow field analysis
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CFD simulations and flow field analysis
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Normalized absortion cross section

Normalized absortion cross section
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Application to non-LTE spectroscopy of methane
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Integrated absorbtion cross section /cm.molec™
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LTE vs non-LTE spectra CH,
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Temperature extraction—T' ;) & T" ;.
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Temperature extraction—T';, & T" ;.
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Temperature extraction—T';, & T" ;.
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Conclusions and perspectives

» Performance of the SMAUG setup has been characterized
» Line identification using TheoReTS

» Insertion of new hot bands into TheoReTS

Limitations of the current experimental system:

» (Tg) may ~ 2000K

» graphite heating element -2 limited variety of molecules can be

studied
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The PLATYPUS Project
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