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THE COMPARISON OF PIFS AND HEAT TRANSFER WITH BASE CONFIGURATIONS

J. G. Kim,' J. W. Lee' and K. H. Kim”

Numerical investigation was conducted to study the effects of after-body configurations and nozzle lip on the

PIES(Plume  Induced Flow Separation) and heat flux to the base face.

Two dimensional and axi-symmetric

non-equilibrium Navier-Stoke’s solver with k-w SST turbulence model was used to solve the launching vehicle type

configuration with propulsive  jet.

The experimental result of Robert J. McGhee was compared with our

computational results for code validation. Three types of the afier-body configurations (Straight, Boat-tail, Flare type)
were simulated for this study. And the nozzle lip effect was studies using the three types of base configurations with
same simulation conditions. As a result of numerical investigations, higher pressure ratio condition and boat-tail
after-body configuration caused severe PIFS phenomenon but the flare type afier-body configuration and low
pressure ratio suppressed PIFS. Flare type after-body configuration and low pressure ratio case reduced heat flux to
base face. The nozzle lip dispersed the heat flux widely along the base face and the nozzle lip.
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Fig. 1 PIFS Phenomenon

Fig. 2 Experimental Model
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Fig. 4 Comparison with Schelieren Picture(Pje/P=27)
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Fig. 8 Recirculation Comparison(Pje/P = 27, 95, 330)
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Table 2 Flow Conditions

Chamber Free Stream Flow
Conditions Conditions
Boat-tail 0. k| Res = 424968
Straight ¢ Te = 22325°K
= 700kPa B
Flare Poo = 265KP3
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Fig. 9 Base Grid Configurations

T
-~

N
X
-~
Flare-Lip ™<= Flare-No-Lip
/
/
/
/
/
/
= /
Straight-Lip S=gf = Straight-No-Lip
Boat-tail-Lip —7 " Boat-tail-No-Lip

T

Fig. 10 Recirculation Region Comparison
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Fig. 11 Base Recirculation
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Fig. 12 Heat Flux Comparison without Lip
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Fig. 13 Heat Flux Comparison with Lip
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Fig. 14 Heat Flux Comparison of Boat-tail Type Base
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Fig. 15 Heat Flux Comparison of Straight Type Base

Wyme
400000 - :
L 1
F |
F |
I 1
300000 - |
L — —«— - Ho-Lip 1
L —  up |
| 1
‘20000 1
£ i 4
i o
i * ]
100000 |- 4
L4 #

] 1 1 1 1 1 1 1
U0l D02 003 004 005 008 007 008

Distance from edge point

Fig. 16 Heat Flux Comparison of Flare Type Base
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Table 3 Averaged Heat Flux on Base

Averaged Heat Flux
Boat-tail 150000W/m”
Straight 100000W/m”
Flare 45000W/m”
Boat-tail-Lip 130000W/m”
Straight-Lip 60000W,/m”
Flare-Lip 40000W/m”
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