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Assessment of translational-rotational nonequilibrium of  
rarefied hydrogen plasma flow 

by 
Yoshiki Takama and Kojiro Suzuki 

ABSTRACT 
In the present work, we focused on translational-rotational nonequilibrium in rarefied hydrogen plasma flow. Hydrogen molecules are 
known as a gas that exhibits strong nonequilibrium. The rotational collision number of hydrogen molecules is reportedly around 200 - 400 
up to 2000 K, whereas the rotational collision number of other molecules such as nitrogen and oxygen molecules is less than 10. Therefore, 
in the case of hydrogen molecules, care must be taken before assuming equilibrium between translational and rotational modes in the 
framework of the two-temperature model. It is important to establish a diagnostic method for the translational-rotational relaxation of 
hydrogen molecules. We presented the method to determine translational and rotational temperatures by emission spectroscopy. The
translational temperature was determined by Balmer H  line profile fitting, taking into account instrumental broadening, Doppler 
broadening, and spin-orbit coupling. Other effects such as Stark effect and Zeeman effect were not dominant in our experimental conditions, 
and were neglected. The rotational temperature was determined by line intensity fitting of the Fulcher-  band of molecular hydrogen. Then, 
we applied this method to our plasma wind tunnel and investigated the translational-rotational nonequilibrium in the hydrogen plasma flow. 
We conducted experiments for two conditions. The results revealed that translational-rotational equilibrium was obtained only in the case 
of higher stagnation pressure. In the other experimental condition, the translational-rotational nonequilibrium was observed. The results 
were reasonably explained by comparing the flow characteristic time with the translational-rotational relaxation time reported in the 
literature. 
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