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In this paper, the supersonic flows around space launch vehicles have been numerically simulated by using a
3-D RANS flow solver. The focus of the study was made for investigating plume-induced flow separation(PIFS). For
this purpose, a vertex-centered finite-volume method was utilized in conjunction with 2nd-order Roe’s FDS to
discretize the inviscid fluxes. The viscous fluxes were computed based on central differencing. The Spalart-Allmaras
model was employed for the closure of turbulence. The Gauss-Seidel iteration was used for time integration. To
validate the flow solver, calculation was made for the 0.04 scale model of the Saturn-5 launch vehicle at the
supersonic flow condition without exhaust plume, and the predicted results were compared with the experimental
data. Good agreements were obtained between the present results and the experiment for the surface pressure
coefficient and the Mach number distribution inside the boundary layer. Additional calculations were made for the
real scale of the Saturn-5 configuration with exhaust plume. The flow characteristics were analyzed, and the PIFS
distances were validated by comparing with the flight data. The KSLV-1 is also simulated at the several altitude
conditions. In case of the KSLV-1, PIFS was not observed at all conditions, and it is expected that PIFS is affected

by the nozzle position.
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Fig. 2 Pressure distribution around launch vehicle
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Fig. 3 Pressure distribution at vehicle surface
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Fig. 5 Boundary conditions at nozzle exit[2]
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Table 1 Freestream conditions[4]
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Fig. 6 Mach number contours
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Fig. 10 Mach number contours

o ARkl AR A ARE AR 7P B ek
18] Zelld Azpzle] of grublo]a, A7t 7HE A
< vkl 659 £A0lM Aol oF o7Rfolt:. A
NEE Satun-V o] Allelx e} FYskAl A8 3iek 2t 1%
270N ArkE F8 ASE W F99) vlEl RIS
Fig. 1001 UERQILE 10 % 2AUSFE = 279} 7]
FEAtel7) Tkl wiitel wl7] EEo] o W dYoR
sHEE s wEE 4 ol

Fig. 110l AR ®de] FAREEE YehQIth ZE o
T 2119 AelA wakAe] AFol] SR 19 2]
Ao FAT el o3t sty WS BEEY wY]



INUMERICAL INVESTIGATION OF PLUME-INDUCED FLOW SEPARATION FOR -+*

Vol.18, No.2, 2013. 6/ 71

M =1.5 M =2.7 M =44 M =6.5
(altitude : 15km) (altitude : 20km) (altitude : 40km) (altitude : 60km)

UL

Fig. 12 Pressure contours

Zuoll o ek Y2 WS dee & 5 ok
b A9lE %0}1'171 fI5to] PIF87} 7‘6}711 L‘rE}de

Fig. 12= 7 WAkl disk mfsl 652 241049 o
B2 el 9t} Saturn- Vi 5712 XS ALE6l) ”ﬂ
ol =Zo] WS AFHY ¥ & Fe7tA] HA7F HE
Hhdo] KSLV-1-2 st 719] e AREal7] whiel WARA
AR 2 goelnt wFo] A7} ik o)gk 122
w20 A YA ztolell g3l Satum- Ve s FH]ellA] A
tdoz o Zsk gy v A=, KSLV-1 oA E
/\]—LHFHEE 13 XL.% gjﬂ :rLHH7]. )\g/HELO_ K /“ oh;]. z}—
AL el A PIFSS] A = flellx] 7]=dt vke} o]
e B R B B I o A RS I 2 | =

[*]

B Aol
A S PIFS L—;—

2
_llN'
:L
%}L U
Rl o

o ZAgE HSE flste] W) ERe 1
Satun-5 Ao tidt 284 A S, d=E
A= APA 9} Hlwsto] A58

Satun-V &ALl tisle] vi7] Z2& w28t AXkS S35
o PIFS 545 1231901, A= PIFS 72E H|gjdo]E]
o} nlwste] AS3IE KSLV-1 el dlste] 7] &

& e fEaae FUHoR skt KSLv- 1o
i PIFS7F #EA) oo, ol wmE A S]] ok
Ao gehth 2 Apelr] AR FEslTES} PIFS
BIE LT ST 255 feds vl Fe3]
ASTHE Fgeiglon], FF zubils) A B
g SAE ASshotl 28 5 ols sl R i,

7 7l

o] =S 20139E AR Ao F

SATAE 7S IR S] #]€1(No.2011-0020808) 7
w3 3 PG AdoR AxATAd
7] 9)(N0.2009-0083510)2 1o} =3H SIFo]m, oo ZMAF=
Hych =3 KSLV-1 345 Zﬂ# CENIESE BN
ZAFERLITE,

References

[1] 2011, Deere, KA., Elmiligui, AA. and Abdol-Hamid, K.S.,
"USM3D Simulations of Saturn V' Plume Induced Flow
Separation,” AIAA Paper 2011-1055.

[2] 2011, Gusmann, M., Housman, J. and Kris, C., "Best
Practices for CFD Simulations of Launch Vehicle Ascent
with Plumes-OVERFLOW Perspective," AIAA Paper 2011-1054.

[3] 1966, Brice, T.R., Parkins, T.M. and Robertson, J.E,
"Pressure Test on a 0.040-scale Model of the Satun V
Launch Vehicle at Mach Number from 0.6 through 1.45,"
AEDC-TR-66-217.

[4] 1968, Lowery, T.J., "Effects of Flow Separation on Apollo
Saturn 'V First Stage Aerodynamics,” NASA MSFC
R-AERO-AD-68-35.

[6] 1981, Roe, P.L., "Approximate Riemann Solvers, Parameter
Vectors and Difference Scheme," Journal of Computational
Physics, Vol.43, pp.357-372.

[6] 1992, Spalart, P.R. and Allmaras, SR., "A One-Equation
Turbulence Model for Aerodynamic flows," AIAA Paper 92-0439.

[7] 1993, Venkatakrishnan, V., "On the Accuracy of Limiters
and Convergence to Steady State Solutions,” AIAA Paper 93-0880.



