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Meteor Ablation and Luminous Efficiency Characterization by Emission Spectroscopy using Arc-heated Wind Tunnel
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The present paper introduces the experimental campaigns carried out at JAXA ISAS arc-wind-tunnel facility under various heating conditions representative of
meteor entry into Earth’s atmosphere. Various materials were tested in support of Astro Live Experiences (ALE) mission and this paper focuses on iron. Emission
spectroscopy measurement were undertaken to characterize the brightness of the material and infer the thermal response and subsequent light curve. High-speed
camera images were analyzed to infer the structural response and mass loss rate. The combination of the values of brightness and mass loss rate yield the
brightness luminous efficiency, which is the parameter of paramount importance in the community. Subsequently, the luminous efficiency of the sample was
correlated to the impinging heat flux and compared to literature results. These experimental campaigns provided additional data to strengthen the models currently
in use and therefore advanced the knowledge of meteor entry modeling and characterization.
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Fig.1 Configuration of Arc- heated Wind Tunnel

Table. 1 Operating conditions
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Table. 2 Test sample

T T e | ommeE | ook

A | PRI | g | i )
6.18-6.10 | 6.89-6.69 14.1 2

Fe 6.20-6.18 | 7.87-6.85 12.2 3
6.20-6.18 | 8.1-6.18 10.8 2
6.19 6.4 9.5 1

¥9 T O10[mm], & X 10[mm] > FIFEFZ IR

Table. 3 Specifications of spectrometers and lens
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Table. 4 High speed camera (Phantom v1612) specifications
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Fig. 2 Focusing lens setup (HR4000 spectrometer)
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Fig.3 Time variation of luminosity measured by QEPro with cosine
corrector and HR4000 with focused lens.
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Fig.4 Time variation of luminosity (solid lines) and corresponding
V-magnitude assuming 70km distance (lines with marked).
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Fig.8 Luminous efficiency

Table.8 Constants A, B for different values of C

Cc A B
0.66 8.13£10.63 -0.02+0.53
0.77 0.47£0.63 0.96+0.54
0.88 0.060.09 1.61*£0.55
0.99 0.01£0.02 2.08+0.57
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Table.6 Experimental results

INEER[MWImM?] 14.1 12.2 10.8
ST INERER[MWIM?] 13.21+0.21 13.38+0.13 11.84+0.11 11.98+0.08 12.05+0.10 10.46+0.09 10.53+0.08
it 2 38 (100km) [km/s] 17.56 17.63 16.96 17.03 17.06 16.31 16.34
A BB AARIR EE K] 2085 2091 1944 2000 1990 2020 2047
SRV ERR]-] 5.59+0.32 5.62+0.35 6.70+0.12 6.63+0.11 6.69+0.09 6.62+0.13 6.560.14
S FE TR EE W] 353+100 340+107 230+24 189+19 185+16 175+22 165+22
A7 IR Pt [kmis] 3.64
S5 =R %] 3.39+0.97 3.22+1.01 2.22+0.11 2.64+0.26 2.01+0.17 2.10+0.27 2.09+0.28
Table.7 Luminous efficiency
S INEASR [MWIM?] 13.21+0.21 13.21+0.21 11.84+0.11 11.980.08 12.05+0.10 10.46+0.09 10.53+0.08
0.66 jﬁ@Vx [km/s] 2.29 2.31 2.06 2.08 2.10 1.84 1.85
L [%) 8.58 7.96 6.94 8.07 6.07 8.24 8.10
0.77 HEEEVX [km/s] 2.73 2.74 2.57 2.59 2.60 2.42 2.43
FE AN (%] 6.05 5.66 4.45 5.23 3.95 4.75 4.69
0.88 FEEEV, [kmis) 3.16 3.17 3.08 3.09 3.10 3.01 3.01
FE AN (%] 4.49 4.24 3.10 3.67 2.78 3.08 3.06
0.99 FEEEV, [kmis) 3.60 3.60 3.60 3.60 3.60 3.59 3.59
FE AN (%] 3.47 3.29 2.28 2.70 2.06 2.16 2.15
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