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The purpose of the present study is to investigate the effect of the nonequilibrium ionization and the photo-ionization process of atomic hydrogen on the hypersonic H2-He flow by CFD calculations. The surface recession of the Galileo Probe in the stagnation region was about half of the prediction. In contrast, about twice was ablated in the frustum region.1 The preflight prediction was made under the thermochemical equilibrium assumption. The effect of the nonequilibrium ionization and the photo-ionization process of atomic hydrogen on the radiative heat transfer rate in the Galileo entry flight are still unknown and considered to be the causes of the discrepancy.2
In the present study, a shock tube problem is solved by CFD for the experimental condition of Leibowitz.3 According to the experiment by Leibowitz, the measured radiative emission resulting from ionization of atomic hydrogen occurs with a finite rate. In order to include the effect of the nonequilibrium ionization and the photo-ionization process, a new set of the ionization rate coefficients by Park4 is employed. The obtained result is compared with the calculation using the empirical ionization rates by Leibowitz, in which the photo-ionization is neglected. Figure 1 shows the effect of Lyman radiation absorption on the electron number density. The Lyman line absorption factor, 
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, represents the strength of radiation absorption from Lyman-
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0, 1 and 100 are chosen as an optically thin case, a self-absorbed case, and a strongly irradiated case, respectively. At the very early stage of the ionization, the growth of the electron number density is slow for all cases. In the calculation with Park’s model, once the electron-impact ionization is initiated, electron number density rapidly increases. Hence, the time to attain the quasi-steady state (QSS) is shorter than that in the calculation by Leibowitz’s model. The slope of the electron number density profile in this region becomes steeper when 
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 is increased. The electron number density in the QSS case becomes larger with the increase in 
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. In the strongly irradiated case of 
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100, the electron number density in QSS is 30 % larger than the Leibowitz’s rate model. 

The present results show a possibility that the expected flow phenomena during the Galileo entry flight can be numerically predicted by introducing radiation absorption to the determination of ionization rate. One can imagine that 
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 in the downstream of the shock layer is large because of the strong irradiation from the upstream. In such a flowfield, the heat flux is low in the upstream and high in the downstream. 

In practice, a local value of 
[image: image8.wmf]L

e

 should be determined by solving the radiative heat transfer equation. We are ready for such calculations, and the results will be presented in the full paper. Radiative intensity obtained by the radiative transfer equation will be also compared with the experimental data of Leibowitz3. 
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Fig. 1  Effect of Lyman radiation absorption on the electron number density profiles.

(20.8% H2-79.2% He, Vshock= 15.5 km/s, P0 = 133 Pa)
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