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Numerical Analysis of Flow Fields around Plug Nozzle

by

K.Sugimoto*, S.Aso*, N.Tanatsugu', T.Murooka?

ABSTRACT

Plug nozzle is one of the most promising nozzle systems for full reusable rocket. In the present study, fundamental

characteristics of the plug nozzle flow field have been numerically investigated. Calculations have been conducted

by solving the full axisymmetric Navier-Stokes equations with perfect gas assumptions. Three different boat-tail

configurations are selected in order to observe the effect of the configuration on the total drag. The flow fields around

boat-tail configurations have been numerically simulated. Calculated results are compared with experimental results.

The global tendency of calculated total drag and pressure distribution shows good agreements with experimental

results.
Nomenclature
a : speed of sound
cp : static pressure coeflicient
Cp drag coefficient
E : total energy per unit volume
E . x-direction flux vector
F . y-direction flux vector
E. F,, W viscosity dissipation
H : axisymmetric source term
M : Mach number
p : wall static pressure
Q 1 conservative variables
w : velocity of axis direction
v : velocity of diameter direction
~ : specific heat ratio
p : density
p ¢ viscous coefficient
T : viscosity stress tensor
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# 1: Calculation condition

Mach  Press. (Pa)  Temp. (K) Re

15 2.06 x 10° 279.00 3.95 x 10°
2.0 2.16 x 10° 279.00 4.14 x 10°
2.5 3.04 x 10° 279.00 5.83 x 10°
3.0 4.41 x 10° 279.00 8.46 x 10°
3.5 6.64 x 10° 279.00 1.27 x 107
4.0 2.55 x 10* 221.55 2.64 x 10°
5.0 2.55 x 10° 221.55 3.30 x 10°
6.0 2.55 x 10? 221.55 3.96 x 10°
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[%] 1: Schematic diagram of A1 configuration
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[¥] 2: Schematic diagram of A2 configuration
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(x| 3: Schematic diagram of A3 configuration
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[4] 4: Representative computational grid
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(%] 9: Comparison of numerical results with experimen-
tal results of pressure distribution about A1 configura-
tion at M = 3.5
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[¥ 10: Comparison of numerical results with experi-

mental results of pressure distribution about A2 con-

figuration at Al = 1.5
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(4 11: Comparison of numerical results with experi-
mental results of pressure distribution about A2 con-
figuration at M = 2.5
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[ 12: Comparison of numerical results with experi-

mental results of pressure distribution about A2 con-

figuration at M = 3.5
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[ 13: Comparison of numerical results with experi-

mental results of pressure distribution about A3 con-
figuration at M = 1.5
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[ 14: Comparison of numerical results with experi-
mental results of pressure distribution about A3 con-
figuration at M = 2.5
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15: Comparison of numerical results with experi-

mental results of pressure distribution about A3 con-
figuration at M = 3.5
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X 16: Representative stream line about A3 configura-
tion at M = 1.5
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[4] 17: Drag coefficient of several configurations
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