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Numerical Study of Anormalous Heating Appeared in Arc-Jet Facility
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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. As
inlet condition of the nozzle region, nozzle throat condition calculated by Sakai et al. is used. The radiation spectra and
its integral at the stagnation point of the blunt body is computed by SPRADIAN using a line-by-line method. The
calculated results are compared with the experiment in terms of both spectrum and integral. The calculation result
underestimates the radiation by a factor of 10 in integral. Possible reasons for the discrepancy between calculation and
experiment are discussed. From the result, it is likely that the radiation from arc region heats gas behind the shock.
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Fig.1 Schematic of the 20MW arc jet facility performed by Palumbo

Palumbo D FEER T RO EBELFHREO R —BAZ oW, 1l
OIS T TN A THIFEO T,/ RVBER COIED K
EOBEND, E DO MRS IO TIF R I EWHR
FASLTHILTNDDS, FEIZR AN = X TSN /25 TUOZR,
ABFFETIL, OO IR TR EN ORI R T2 5E)ST
S, BRI, ZOBENMEADFIKE A = X N fF 3528
ZHIET .

2. EfERtEE
YAVl

Palumbo DFEERI T D /AN 20— R0 Tk 2 SOEINTLY
FCEHET A, 1 DlF /AL ART— IS SRV O ETOESY, B9
1 DIFFRBRAL Z ORI OBEER A Gy Chh. 2 ek )/
KIVINED, RERERE RS,

BTN T AV INER, BRI, filielFr2 KT NS - B L
I —REHWD. BIET DL N, O, N2, Oz, NO, N,
0", N2*, 02", NO', e D 11 FiCdH 5. Palumbo D FEBRDZFERA A
WIEArSEENTODH, ATl N Xz CRIFE L. iy
R OBERALITA RIFEEE O TITV, B R EHmc i
SLAU@EEA FAV V=, REMERTERIE 2 YRS L C K B 7=,
ZERIEVRREEE I 2 YRS S MUSCLO:A AV -, BSTRSA6S
fRETCIT o7z, BME I T /U XA L n iR S S,
IRENRE LB TR REL, Park @ 2 {REET V0%
FAuN=.

22 TRt

BRI S D TEFHRE, RBRARE OB BT 1k
TCHEN A TR TR T, EEFH I SPRADIAND &
iV, RIAREUT line-by-line VA TRDTz. (LFFEOBIELIRAEIX
Boltzmann Z3ARIZHED & L, {REECIE 2 IREEET VA V-

3. ANPEFHE SRR
3.1 FHRLF

J ZANNEROFH RS T-% Fig. 2 |9 B33 201 X 41 s
THY, BEEEXFRE A 72 T ChD. MAERIL, AvAa
— hER LTS, FRASIHTI, EHSO I THFE CRIRSN
JANAT—MEDE WD, SR DS % Table 112
AT T IR - EERERE, T HRE—ETEiRE TH D, K
HIBEFU KO A RO, C, BHHET 5. 2 ZuHn

Copyright © 2018 by JSFM



X0 L TRTOAELE RA7-0I2, FEso 2 ZVHafiE L &
TSR AHE L TS, 2 ZUEET 500K OZREEET,
el & LA,

0.3

—0.25
%; 0.2
% o Outflow
X oa [
0.05 :
(o]
o 1 2 ?
Throat Axial distance[m]

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 temperature at 0.3m
downstream from nozzle exit

Table1l Nozzle inlet condition and outflow

Flow variables Nozzle throat Nozzle exit
Density [kg/m?] 1.34X10? 5.67x10%
\elocity [m/s] 2115 4685
TIK] 6765 561
Tv[K] 6765 3829
Mole fraction
N 477X10°1 292x101
(0] 2.16x1071 1.86x101
N2 3.05x107! 522x10°1
Oz 154%10°5 1.60X10°®
NO 140X%10°3 2.66 10 *
N* 1201074 431X10°5
o 525X10°° 250X10°°
N2* 142x107* 0
(o7 9.391078 0
NO* 224 X104 0
e 419Xx10* 254x10°°
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Fig.6 Temperature contours around the test model
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Fig. 7 Computed test region profiles of temperature and radiation
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Fig. 8 Temperature contours around the test model
under the condition of faster free stream velocity
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Fig. 9 Computed test region profiles of temperature and radiation
under the condition of faster free stream velocity
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Table2 Comparison of nozzle outflow

Flow variables Original(NS) Euler
Density [kg/m?] 5.67x10% 4.26x10°
Velocity [m/s] 4685 4706
T[K] 561 432
Tv[K] 3829 3845
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