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Numerical simulation of separation of central stage
and booster stage for a carrier rocket

ZHANG Hairui'” |, FAN Jingjing® , ZHANG Weihua'
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China)
Abstract; The dynamic overset method and Eulerian approach were applied to solve the unsteady NS function and 6DOF movement function,
and to numerically simulate the separation processes of KSR — III rocket’ s core and to booster with and without additional forces. Major factors that
affect the separation processes were also analyzed. It shows that the numerical results agree with the experimental results, indicating that the

dynamic overset assembly method is able to correctly predict the complex flow between the rocket’ s core and booster. Furthermore, based on the

results of numerical simulations, separation parameters and rules of the booster under different conditions are also obtained.
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Fig. 1 Ilustration for the separation procedure of central

stage and booster stage of a carrier rocket
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Fig.2  Outline dimensional drawing of the Titan IV

carrier rocket
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Fig.3  Overset grids of central and booster stages of the

Titan IV carrier rocket
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Fig.4 Mach contour plot of flow field on the symmetric

plane of the Titan IV carrier rocket
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Fig.5 Pressure distribution of the center line on the

center stage of the Titan IV carrier rocket
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Fig.6 The model and outline dimensional drawings of

KSR-1II carrier rocket
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Fig.7 Definitions of the gesture parameters and computing

coordinates for booster stage of the KSR-1II rocket
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Fig.8 Grids and bottom boundary conditions of
the KSR-1II rocket
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Fig.9 Pressure contours of the symmetric plane where
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Ar =0.2m and wall plane for central and booster stages of

the KSR-1II rocket at the beginning
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Fig. 10 The variation of forces and momentums for the

booster stage with different distances (=0°)
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Fig. 11 The variation of forces and momentums for the

booster stage with different nose angles ( Ar=0.7m)
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Tab.2 Physical parameters of the booster stage
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Tab.3 Parameters of computing status

Ma Re Wf DS SRaEm g
(°) ) ) (ws)
L7 1.431x10° 0 0 90 9.8

Hi & 13 A RIA s KRGS9 B B
F T B AR 73 25 00 30 00 2ol A K8 A 0 B e
G DI LR 8] B AR P TRLRE, g fiff DR sk A
[ RS T PRIE R 28 R R B HE 20 2 42 00 8, T
TEBIHEL Sy BRI N — € KN Sh 1, dn e 14
s AE BE G AU St sk g F1ALF2 0
1113 JER B R AL R AR I 2 A 70 B o AR SCd i 7 B
ST BRI W] 89 1 T3 Foh T AR 14
FiRshJ1 1A F2 4R RT A48 KSR- Tz 2K i
G BHERAESN TR W B it At et 5
TN 2 1] ) R EK C2 = 0.6 Ay [ J)H R EL My =

2.9, HEN TR AAE . ST RIS I HERIAE I ]
Bty 0.05s,

SR SANRERREY IS -
PR E T

qNEREELINE -

FHEL TP
FHET

RANEREE N -

|
INNNNENEEEE |

P
S TP T

(e)t=0.4s
(& 13 KSR- Il B4R A [m] 5 20 B SO BRI 7 1

Fig. 13 Pressure contours of booster stage of the
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rocket with ejection forces at different places and times
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Fig. 16  Illustration of the separation of booster stage of

the KSR-1II rocket with ejection forces
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