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Heating rate evaluation at stagnation point by radiation calculation
with electronic excitation nonequilibrium in arcjet
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Flowfield and radiation under the condition of the arc jet facility experiment performed by Palumbo are computed.
Two-temperature thermochemical nonequilibrium codes are used to calculate the nozzle region and the shock layer
around the test model. The radiation spectra and its integral at the stagnation point of the flat-faced body is computed
using a line-by-line transfer approach. The calculated results are compared with the experiment in terms of both
spectrum and integral, and underestimates the radiation by a factor of five in integral. Possible reasons for the
discrepancy between them are discussed from the perspective of nonequilibrium properties of electronic excitation

distribution.
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Fig. 1 Schematic of the 20MW arc jet facility performed by Palumbo.
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Fig.2 Mesh in the nozzle region
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Fig.3 Computed axial profiles of temperatures and
mole fractions in nozzle region.
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Fig.4 Computed radial profiles of temperatures
at 0.3m downstream from nozzle exit.

Table1l Nozzle inlet condition and outflow results.

Flow variables Nozzle throat Nozzle exit
Density[kg/m?] 1.3410? 7.71x10°
\elocity [m/s] 2115 4679
TIK] 6765 600
Tv[K] 6765 3827
Mole fraction
N 477X101 408x101
0 216x101 2.28x101
N2 3.05%x10°! 364x1071
(0] 154Xx10°5 9.02x10°7
NO 140%x10°3 1.71x104
N* 120Xx10 4 6.00X10°5
o* 525X107° 305X10°°
Nz* 142x1074 0
Or* 9391078 0
NO* 224X1074 0
e 419%x10™* 905X10°°
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Fig.5 Mesh around the test model.
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Fig.6 Temperature contours around the test model.
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Fig. 7 Computed profiles of temperature and radiation along the
stagnation streamline.
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Fig.8 Temperature contours around the test model
under the condition of faster free stream.
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Fig. 9 Computed profiles of temperature and radiation along the
stagnation streamline under the condition of faster free stream.

Copyright © 2019 by JSFM



WIS, FRA~EHDIFEY, 7 ZDVHASEZR F 8RN EE 2
. J RVBERBRSEORA, WREHEREOZ I L A8
RADEBLTND T8, ) ZVE % HekbE(Euler) TR L7-.
J ROV IO EfssE % Table 2 {9~ tHAEEAVD L ER-L
77, WEEISRELIC A 5.2 DI EOUITR bR T-.

Table2 The nozzle outflow result compared with Euler flow computation.

Flow variables Original(NS) Euler
Density[kg/m?] 7.71x10% 4.26x10°
\elocity[m/s] 4679 4706
TIK] 600 432
TvIK] 3827 3845
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Fig. 10 Comparison of profiles of temperature along the stagnation

streamline account for upstream radiation or not.
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Fig. 11 Spectra of arc heater radiation intensity and
absorption ratio along the nozzle axis.
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Fig. 12 Spectra of arc heater radiation intensity and absorption ratio
along the stagnation streamline at test region.
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Fig. 13 Spectra of absorption coefficient for each species at
highest Tv point along the stagnation flow line.
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