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When a space vehicle enter into a planetary atmosphere, a strong shock wave is formed 
around the space vehicle, resulting in the severe aerodynamic heating. To protect the space 
vehicle from the heat load, a thermal protection system (TPS) is required. Arcjet facilities 
have been widely used for heat tests of TPS in entry flight conditions. The performance of 
TPS is evaluated and updated through the heat tests. However, characteristics of test flows in 
an arcjet facility is not understood well because it is out of thermochemical equilibrium, 
degrading the accuracy of the heat tests. Test flows in an arcjet facility should be 
characterized to conduct heat test with high accuracy. The purpose of this research is to 
investigate characteristics of N2 arc plasma flows around a blunt body in a High enthalpy 
arcjet facility. Radiation from the shock layer flows generated around a blunt body is 
observed by spectroscopic measurements and flow temperatures are evaluated by a spectrum 
fitting method to the measured spectra. Figure 1 shows an example of the measured spectrum. 
It is found that N2

+ (1-) is predominant in the wavelength range from 340 to 430 nm. N2 (2+) 
is not clearly visible in this wavelength range. This is because it may merge with N2

+(1-).  
Line spectra of Cu I are seen at around 500 nm. This is because that cupper electrodes used 
for the arc heater melt by the arc discharge. To deduce the rotational and vibrational 
temperatures from the measured spectra, a spectrum fitting is performed by considering N2 
and N2

+ as chemical species.  Figure 2 shows a spectrum fitting result. The rotational 
temperature of N2 is higher than the vibrational temperature. However, the opposite tendency 
is seen in the estimated temperatures of N2

+.  The reason of this difference is considered to be 
due to the fact that N2

+ is generated by associative ionization process from highly excited 
nitrogen atoms. The both rotational and vibrational temperatures of N2 and N2

+ are different, 
showing that the arc plasma in the shock layer is thermal nonequilibrium.  The spatial 
distribution of temperatures in the shock layer (not shown in this paper) shows that the 
rotational and vibrational temperatures become close with approaching the surface of the 
blunt body. It is found that the energy exchange between rotation and vibration modes 
proceeds in the shock layer and the plasma become to be thermal equilibrium. 

     
      Fig. 1 A measured spactrum of N2 arc plasma                             Fig. 2 A spectrum fitting result 
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