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A Calculation Method and Experimental Verification
of Supersonic Jet
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Abstract: Calculation of the radiation signature of plume mostly depends on the accurate simulation of the
flow field of high temperature jet. Due to lack of reliable experimental data, the numerical study of supersonic tur-
bulent jet is mostly concentrated on the low temperature jets while the simulation of high temperature jets is rela-
tively rare. In this paper, an in—house developed CFD Code was used to calculate the distribution of velocity and
temperature of several jet experiments, by using Menter’s k—w SST two—equation turbulent model. Based on the
numerical study of low temperature jets, a numerical method that is applicable to high temperature jet was estab-
lished. Firstly, the effects of compressibility correction and various turbulent viscosity ratios were assessed by
simulating several low temperature jets. Then, the method was used to simulate a rocket plume experiment, and
the numerical method was further verified by comparing the measured and simulated radiance. The simulation and
experiment results agree well. This shows that the compressibility corrected k—o SST two—equation turbulent mod-

el with an appropriate turbulent viscosity ratio of 30 is applicable for simulating the plume of aircrafts.
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Table 1 Parameters of the flow field of Panda’s experiment

Location Ma v/ (m/s) T/K po/kPa
Nozzle 1.4 411 216 312.7
Nozzle 1.8 486 182.4 564.2

Ambient 0.2 77.81 297 98.95
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Table 2 Parameters of the flow field of Norum’s

experiment
Location Ma T/K pl (kg/m”) d/em
Nozzle 1.99 163.5 2.158 4.989
Ambient 0 300 1.168 -

Table 3 Parameters of the flow field at the nozzle of SP-62

Location Ma T/IK p/(kg/m?) dlcm
Nozzle 1.95 155.06 101 5.08
Ambient 0 300 101 -
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(a) Schematic of the computational domain

(b) Mesh near the exit of the nozzle
Fig.1 Computational domain and mesh of GRID1

Fig. 2 Axial velocity and temperature of different grids
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Fig. 3 Results of axial velocity calculated by different

turbulent viscosity ratio
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Fig. 4 Axial velocity results under Witze coordinate
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Fig.5 Results of axial velocity and temperature of Ma=1.4
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Fig. 6 Results of radical velocity at different axial location
of Ma=1.4
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Fig. 7 Results of radical temperature at different axial
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Fig. 8 Results of axial velocity and temperature of Ma=1.8
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Fig. 9 Results of radical velocity at different axial location

of Ma=1.8
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Table 4 Parameters of the flow field at the nozzle

Location Ma T/K plkPa Y
Nozzle 2.35 1960 288 1.3
Ambient 0 300 101 1.4

#HoR
Table 5 Mole fraction of species at the exit
Species  H,0 €O, co N, H, OH
mol% 0.4 0.136 0.115 0.237 0.056 0.056

Fig. 11 Measured radiance of Avital’s experiment
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3.2.2

Table 6 Chemical reaction mechanism

N Reactions A, B E,

1 H+0,~0H+0 2.65x10'  -0.6707 17041.0
2 OH+OH—H,0+0 3.57x10* 2.400 -2110.0
3 OH+CO—CO,+H 4.76x107 1.228 70.0
4 H+OH+X—H,0+X  2.20x10% -2.000 0.0

5 20+X—0,+X 1.20x10"7 -1.000 0.0

6 H,+0O—OH+H 3.87x10* 2.700 6260.0
7 OH+H,—H,0+H 2.16x108 1.510 3430.0
8 2H+X—H,+X 1.00x10"8 -1.000 0.0

9 H+O0+X—O0H+X 5.00x10"7 -1.000 0.0
10 CO+0+X—CO,+X 1.80x10' -0.000 2385.0

N R A F R0 5, XA RO H = R ORE 1

Arrhenius 22 2

_El
ky = AlTBLeXp(ﬁ)

HWHEALE R BER . XA NI T8, MR
JEARH, E, R VTG AL BE , A7 Cal/Mol, 3 6 H1 = 4k
Tl $8 52 7 T Kok 7 T 4 AR KU 7 TR .

Avital % [ & ShHLBEAS OB, R k- T i
B, fifi ] GASPH VRS ISL 0 i 3 . B 12 R i3 b
il 2 b R Ay A TS 25 R 1B 13 18] 14 2 SCUP IR



— P A T i SR U 7

Table 7 Third body coefficient

N 4 5 8 9
H, 0.73 2.40 0.00 2.00
0, 1.00 1.00 1.00 1.00
H,0 3.65 15.40 0.00 6.00
CcoO 1.00 1.75 1.00 1.50
Co, 1.00 3.60 0.00 2.00
OH 1.00 1.00 1.00 1.00
0] 1.00 1.00 1.00 1.00
1.00 1.00 1.00 1.00
N, 1.00 1.00 1.00 1.00
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Fig. 12 Calculated axial temperature of Avital and SCUP

Fig. 13 Contour of the temperature of the plume

Fig. 14 Contour of the mole density of the plume

Fig. 15 Calculated temperature field of Avital”
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Fig. 16 Calculated CO, molar concentration of Avital®

Fig. 17 Contour of radiance calculated by Avital
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this paper
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