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.(é Gas/Surface Interaction in High Enthalpy Environments C[Jh

Very hot shock layer temperatures cause the
gas to dissociate in a stagnation region.
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Energetic species existing in the shock

layer can reach the surface and react,
% /CO -K releasing heat and/or removing TPS.
W'QW\ * In high enthalpy environments, it is very difficult to
C “measure” catalytic and ablative processes directly.
RECESSION |- Traditionally, must observe the “effect” by measuring the
l heat flux or post-test recession and inference.
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Ié LENS-XX Expansion Tunnel Facility CWBRC

LENS | BSUV 2 Fire-Il
Mach Numbers

100 - BSUV1. 7to24 ’ Shuttle Entry
; /l"—__-l RAM-C
90
4LENS I e
80 fq‘e’lgcjh Number %/ ApoIIo Entry
’g 70 “13.9
=60
()
250
< 40
30
20 LENS-XX
10 o~ - High Velocity H "
0 T T T T T T T T T T T T 0 OW
0 1 2 3 4 5 6 7 8 9 10 1 12 \ Double Cone
V (km/s) Cyllnder

AFOSR_Review_7-15-2013.pptx



% Wave

Test Time Lim

Diagram of an Expansion Tube showing Propagation CL}B

of Shocks, Expansions, and Contact Surfaces

ited by Two Factors:

*Head of unsteady expansion (reflected off primary contact) unsteady expansion adds
*Tail of unsteady expansion kinetic energy directly
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tﬁ New Diagnostics for Catalytic and Ablating CUsRC
Flows Developed on a Cylinder Model

Spatially Resolved Emission
QSpectroscopy along Stagnation Line \
(nominally focused at centerplane)

( AIAA2013-1058 )

Near-Surface Tunable Diode Laser
Absorption Spectroscopy (TDLAS)
(integration along stagnation line)

( AIAA2013-2643 )

* Near-surface TDLAS with 5.44 micron QCL from Alpes Lasers targeting Nitric
Oxide (NO) fundamental transition.
« Why study NO formation?
« We already own a very expensive laser ($$$9).
* Well-grounded cold wall (300K) surface temperature.
» Importance of NO formation on reacting air surface catalysis demonstrated in
literature.
» Lessons learned apply directly to ablating flows later on...
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'[é Tunable Diode Laser Absorption Spectroscopy Cq3
(TDLAS)

(monochromatic absorption

I
Beer-Lambert Law — = exp(—k,L
Io xP(—kyL) through a uniform gas)

Spectral absorption k, = S;(T)PX;¢,

coefficient / \

Doppler broadening Collisional broadening
(Temperature) (Pressure)

Gaussian + Lorentzian = Voigt convolution
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Y TDLAS Laser Ramp CWBRC
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Experimental Setup .
Ié Pitch Side (Laser) CLBRC
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Experimental Setup | —
Ié Cylinder in Tunnel C%RC

CaF, window insert

Stainless steel cylinder

Laser (visible beam shown)

/ CaF, Window \

Top View
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Experimental Setup .
i CUBRC
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Ié The Big Picture

CFD : Computational Fluid Dynamics
LBL : Line-by-Line

CFD
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CFD Boundary Condition Models of Surface
Gh Y CB

Catalysis

Non-catalytic wall: no recombination occurs on the surface, which implies zero

diffusion flux to surface. ~J, =0

Super-catalytic wall: Explicitly specified composition corresponding to complete

recombination of energetic species into lowest energy state (N,/O, for air).
Specified reaction efficiency (SRE) catalytic wall: A percentage of reactants

reaching the surface for which a reaction occurs. Controlled with a single
efficiency parameter, y, but y has no connection to a physical process.

VePwC i E)C‘}TW
M 2aM

-0, D, Vy,

TPV Yiw = E a.M, (

J(r) J(r)

Generalized finite rate surface chemistry (FRSC) wall: Reactions are modeled
via one or more physical kinetic processes to generate production rates for each
species at the surface, balanced by diffusion into the gas interior. Most physical
BC, but requires a large number of parameters not easily obtainable.

+ PV Ve = Mki{(vki - v}d)(kﬁﬁ[xm]v}m - kbiﬁ[xm]v;i )}
w i=1 m=1 m=1

-0,,D; Vy,
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Cls

Computational Fluid Dynamics
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S 2

Line-by-Line Spectra Calculation

l Flow
Bow Shock
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Line-of-Sight Number Independence

Grid Independence of LOS Calculation

1.01
1 rere——mm—— T— - = 10 Points
- 0.9 - 20 Points
8 — 30 Points
v 0.98
é 40 Points
e 0.97 ——50 Points
|(_‘E 0.96 —— 60 Points
——70 Points
R 80 Points
0.94

1835.47 1835.49 1835.51 1835.53 1835.55 1835.57 1835.59 1835.61 1835.63 1835.65
Wavenumber [cm]

Number
ﬁ Number of LOS > 80-100
iIndependence

AFOSR_Review_7-15-2013.pptx

16



'[é Results C[%R C
e
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S i

Freestream Conditions

v=4249 m/s
p = 0.00159 kg/m?3
T=457K
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Single-Element Detector
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'% TDLAS Measurements with Linear Array Cl i .
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Spatially Resolved Spectral Emission Measurements in o
the 2 Foot Test Section CLBRC
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'[é Spectral Emission Measurements for Low Density Flows CLiB :
from 4.7 km/s to 5.4 km/s
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% Future Directions: Modification for Ablation Surfaces CLE ’

[CO]

Temperature
Field in Shock .
Layer
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In principle, direct substitution of TDLAS targeting CO
transition possible.

More challenging environment because of variable wall
temperature

Potentially use linear array detector to track surface

recession in real-time?
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