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enhancement in the multi-pass cell outside the expansion wave tube

chamber
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3. Calculati 4. Experimental system

1. Background

Reproduce re-entry condition at ground Ray-tracinqg method __ Lambert-Baer law _
» Shock tunnel » ODbtain the trajectory of a reflected ray I,(x) = Iyexp(—k,x) || Iv(): Through light
» Arc-Heated wind Tunnel  No near-axis approximation Intensity

v: Laser frequency

x: Light path length

I, : Laser intensity

k , : Absorption coefficient
a : Absorbance

 Expansion tube N\ ¢ Consider the spread of the ray
* Tolerance is defined as the interval in which

sensitivity does not change

"Produces a high-speed,
low-temperature flow and
molecules of oxygen and
nitrogen do not diverge.

HEK-X (at JAXA)

| — @Q ’ Calculation of sensitivity .
T I ﬂﬂ | o Qulti 3.5
Expansion tube (HEK-X) sensitivity = . X a4

) single i

HEK-X is one of the biggest expansion-tube =4 _
= t ¢ for the next mission J Asingle - Absorbance of 3.5 m(single)
# Xpects operations for Xt missi . 5 - i
P P z Coordinate system Coordinate system Zn-ml\lﬁlir} (’)A;b dﬁ‘;{:sgece of Multi-pass

Measuring flow condition is needed for operating of multi-pass cell of window
4 N\
Laser Absorption Spectr- Calculation parameter -
* Temperature . ' ”
| Danparatire oy |oscopy (LAS)isableto | I ]
. Flow S}[/)ee q measure these value with Concave mirror size Ms 50.0 mm —_ / (guide)
hlgh tlme reSOIUtiOn. Concave mirror @ ar . - Laser Diode
—— f 200 mm bsorpti
focus length , Beam (absorption)
However, the sensitivity of the LAS targeting Mirror distance J 350 ~ 400 mm Spliter — —
oxygen molecules was not enough... Initial position Sy 0 ~ Ms/2 Concave | Generators |
High Sensitization Methods of LAS —tan™? O'SI\ZSJFS’” ~ | Concave Perforated

-m e ang ohees ’ tan—1 22Ms~0r murror B Mirror
d - Optical system
. . 4 S Cavity / J
Initial angle of y-axis ) 0~ tan™? E"’ \

Sensitivity <100 10°-10+| 10-100 Single Mode Fiver

Entrance and exit hole 2.0 mm ] .
Time resolution > ms > s Beam diameter 1.0 mm Experimental conditions
, , Window distance 170 mm « Laser frequency:762.31 nm
Spatial resolution O A T - 1 513 « Sweep frequency and width :100 Hz, 35 GHz
| | : « Concave mirror size and reflectance :48.3 mm, 99.96 %
» Multi-pass is adopted since it is Window thickness 4.0 mm « Exclude patterns that are affected by overlap
a high time resolution — Judgment conditions for sensitivity —

Previous study’

 Beam diameter is within Ms range
» Calculation ends when the beam overlaps the I

Concave ——

Vi entrance hole — sensitivity calculation | 3 Toiiel |
10mm 400- @ 172 times
Low Pressure Tube
72
G 300° 9
102 | ' | ' | ' | Z
. Mo Z 8$64
Rod Mirror ressure sensor ) 1nadow inclinationt L.Z 200-
A : : | ~
— . 010" *  Mirror distance 2 * + i
Mirror A Etalon Isolator ) P
—————— o] : " - &
Beam Diode | © Yy S e - * S °
Splitterl = 100 B2 P e o0 e J° -
Single Mode Fiber T = - ? o o i . °
t * O L)
Multi-pass LAS for ISAS expansion tube o oo ) & o o
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* The sensitivity was increased by 44 times 5 VS RIRRC o o® g . o : The relationship between sensitivity and tolerance in
_ . = Lede 8 o o ® _ : : T n - :
 Estimated test time was 30~80 us SIAE L] o Cepse Tt o observation windows inclination (sensitivity 0 is overlap)
. - “E [\ v%e * ¢ S E
The translational temperature of the oxygen Pl e ° ° 1 |« It was not possible to create multi-pass cell
__Mmolecules was 3000 ~ 5000 K Joesl N (exotic pattern) of over 200 times.
However, the observation windows were 0‘ 1000 2000 3000 4000 5000 | * If the window is tilted just 0.3 , overlap will
- Sensitivity, times T -
move_d by the shock wave, so it was n_o_t | The relationship between serisitivity and tolerance in take and sensitivity .WI|| ch.ang.e. o |
_possible to measure with higher sensitivity.  opservation windows inclination and mirror distance ~ * 1he tolerance for window inclination is stricter
* / \ than calculated, because of the effects of
- - overlap.
. | € patiern ot the multi-pass 1/ = /@75 " |1t is better not to use observation windows
The gen3|t|y|ty .enh.ancerr_]ent_of multl-pass c.eII changes frorr_l a single 7“0y |when the sensitivity is over 100 times.
cells in the inclination of interior cell window Kclrcle to an exotic pattern. )N N e ———————————————————————
was investigated 100x  1754x 7. Summa ry
(" - - - \ ( : . h
- By calculatlop using the ray-tracing Tolerance of mirror distance |  Tolerance of observed window inclination is 10
method considering the laser spread _More 10 times times more than tolerance of mirror distance.
* By expe_rlments to reRroduce the Tolerance oi_’ ob§er\{atlon windows . However, in experimental results, the effect of
__Calculation results using LAS ) L inclination overlap makes it more stricter than calculated.
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