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Study about IR radiation around Mars entry model
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In this study, we performed infrared radiation intensity measurement around
Mars entry capsule model with the expansion tube developed in JAXA Chofu space center. In addition,
we evaluated the CO2 number density and temperature distribution by IR radiation spectroscopy
coupled with the radiation analysis code, SPRADIAN2. Finally, selected an appropriate test flow
condition in order to avoid the IR radiation in the test flow, we could obtain the IR radiation
intensity distribution around Mars entry model.
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Table 1: Test condition 1 in HVET

Gas condition

Air Reservoir Compression tube | High-pressure tube Low-pressure tube
Gas Dry Air He CO, CO;
Pressure 500 kPa 445 kPa (1) 3.0 kPa (1) 30 Pa

(2) 20.0kPa (2) 15 Pa

Diaphragm

Material Thickness Depth Rupture pressure
1% diaphragm | SPCC 2.0 mm 1.0 mm 6.0+0.1 MPa
2" diaphragm | Lumirror 12.0um - (1) 0.65+0.09 MPa

(2) 1.1+0.1 MPa

Flow Condition

Shock velocity | Test flow velocity | Test flow temperature | Test time

Theory (1) 6.3 km/s (1) 5.9 km/s (1) 2,330 K (1) 120 us
(2) 5.5 km/s (2) 5.2 km/s (2) 1,060 K (2) 90 us
Experiment (1) 5.3+0.1 km/s | - - (1) 90 — 160 us

(2) 3.6+0.1 km/s
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Fig. 1: Mars mission scaled model after (left) MWIR
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and before (right) the experiment.

Fig. 2: Experimental setup for Spatial distribution
measurement of IR radiation intensity.
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Fig. 4: Spatial distribution of measured IR radiation intensity around capsule model
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Fig. 5: Spectral radiance at several distances

from the shock wave. Fig. 6: Spectral radiance at several distances

from the shock wave.
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Fig. 8: Time histories of temperature and number

Fig. 7: An example if fitting result by density estimated by spectral fitting method

SPRADIAN2 with measured IR spectral (plots). Solid lines are the estimated ones by
radiance (d = 610mm). radiation coupled CFD method
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