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EFFECT OF BASE FLOW AND TURBULENCE ON THE SEPARATION MOTION
OF STRAP-ON ROCKET BOOSTERS

S.H. Ko,' JK. Kim,' S.H. Han,' JH. Kim' and C. Kim"

Turbulent flow analysis is conducted around the mulli-stage launch vehicle including base region and detachment
motion of strap-on boosters due to resultant aerodynamic forces and gravity is simulated. Aerodynamic solution procedure
is coupled with rigid body dynamics for the prediction of separation behavior. An overset mesh technique is adopted to
achieve maximum efficiency in simulating relative motion of bodies and various turbulence models are implemented on the
flow solver to predict the aerodynamic forces accurately. At first, some preliminary studies are conducted to show the
importance of base flow for the exact prediction of detachment motion and to find the most suitable turbulence model for
the simulation of launch vehicle configurations. And then, developed solver is applied to the simulation of KSR-III a
three-stage sounding rocket researched in Korea. From the analyses, after-body flowfield strongly affects the separation
motions of strap-on boosters. Negative pitching moment at initial stage is gradually recovered and a strap-on finally
results in a safe separation, while fore-body analysis shows collision phenomena between core rocket and booster. And a
slight variation of motion is observed from the comparison between inviscid and turbulent analyses. Change of separation
trajectory based on viscous effects is just a few percent and therefore, inviscid analysis is sufficient for the simulation of
separation motion if the study is focused only on the movement of strap-ons.
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Fig. 1 Separation Motion of a Simplified Launch Vehicle
Configuration

|
i

o
2,

8 EE5& AEHolAsGk =AY
3 = 28 HA 24 ¢

Asta AA Az 78S AL SN AR EHA

A Ui _‘?_Ej_[4]a+ Spalart-Allmaras 147
iz‘sz}ﬂo g),q i?‘] 3}]
2ag xFJ stoich g AR
SR Ao A8 KSR-TT 88 d4 &4
AR fE 2 9RO g2 o 2 -v“% w3}

lo

i 0
~
e
A
=
I}
ol
o

o, Mo
lo

[e

olo J-IJ r:19 =
i
1
32
rL
10 31

TR
% o
QB0
ox M % £
offt r
2
e 1x
tilo
oft
gt‘
A
2
I
o
OHT
2 "
J8
o r
R
o
2,

£

:Lc:-ﬁ‘i
ol L
ot Mo

I dr £ oo 2l Jx > (o ot

N
fir
52
jujled
o
-
re,
ek
&
3o
52
G

&334 x v, 2 A HEA
AN BALsE nEY rﬂla Yqoz gANW st 2

0Q , dE | oF | 0G _
6t+8x+8y+az—

oF , G
dy

_1 ;9E,
Ral7ox T

Xéz.“?} ¢ fE #4E -r]‘dﬂ k-a) SST “,'—l Spalart-
Almaras 5 0] AHgHgLOR, v44 §5 A4S 9
&4 Dual Time Stepping 7]5o] &2t E& F7t of
Abs} W& AUSMPW+ (modified Advection Upstream Splitting
Method Press-based Weight function)[6} 7]9o], A]Z+ & W
£ LU-SGS (Lower-Upper Symmetric Gauss-Seidel)[7] 7)'8¢)
ZEHArt

Fig. 2 A Two-block Mesh and Pressure Contour around a
Standalone Booster of KSR-III

Fig. 3 Pressure Contour on the Base Plane (Invisicd / S-A / k-@
SST + Comp. / k-w SST)
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Fig. 4 An Overlapping Mesh and Boundary Conditions at the Base
Plane
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