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Abstract

In this paper numerical stability of CSS and ISS schemes in axisymmetric fluid-structure-burning simulation for solid rocket
motors are studied. The implemented CSS and ISS algorithms for two-dimensional axisymmetric FSI problems are used to analyze
ACM and BCM solid rocket motors. Numerical results from CSS and ISS schemes are compared to investigate the efficacy of ISS
scheme over CSS scheme in stabilizing the numerical solution. The ACM and BCM simulation results show that ISS scheme gives
stable and converged numerical solutions with appropriately small system time step size, while CSS scheme fails to converge after
generating rapidly amplified oscillatory solutions. It is concluded that ISS scheme can be useful in improving the numerical stability

of FSI analysis for ACM and BCM solid rocket motor simulations, which is not successfully obtained with CSS scheme.

Keywords - solid rocket motor, fluid-structure interaction, conventional serial staggered method, improved serial

staggered method, numerical stability
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Table 1 CSS algorithm

Algorithm Conventional Serial Staggered scheme

1. Transfer deformed data to fluid domain on the interface

n_ .n

Ti= T on I’

2. Solve ALE fluid domain and compute burning rate along
the fluid interface after updating fluid dynamic mesh
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3. Transfer pressure and burning rate to solid domain on
the interface

n+l__ +1
P! =P} on I'

prtl= 7,;+1

on I’

4. Solve solid domain by using the transferred interface data

ol =ty on I
= — prtign on I,
Freio g in 2,
Kl = in

4B

1

<

rr

Ho

o

oN,

)

=2

1o :lo

A, AZE ARl §EGG fEEEA sl

Jehte geiavlel WE 3lun golind f59dee

BN
r_g{_:
N
o
X
I-O{l
o
o
&
Y
ofN
)
o
2
ot
o
ox
X

LA, ool met fE-TE ARG fEdEe
Agpeh Fxo] A7t kel . od A

r

il

Q99 FAa B AAE e 5 It
3. 1SS 7|¥

3.1 ISS 7| <)

B

CSS 7IMe A83 FSI a2 2 g9 o] 53
A

HE AR PRE wdste Aol Bddle]l AN
FIAIZ ok ol EAHS AAAE] Yste] 1SS
7ol 72 3 5 990lA aiME Ae] Fsudt
NS ST (Jaiman et al., 2007). BEAHL oA
"t Atele] AIZIQL e R e thee] 27 2t
ghte=gnte on I 4)

P Agshe AR AEe o, 00
Akl E BihEE 483 & free R dgsh Aok
= ar’+ (1—a)z"™! on I (5)

S S

714, S=HIH a €0, 1]0IH. fFaddelr At dHe

=
PO, prew AeR)E HAE 48R F TRl
g9

Ps'n,-%-lzBP:L*(I*(!)+(1_6)P;1+(X on Fs (6)

o714, g gelo 1]olvt. & AFAME a9t 5E
1/22 agsto] Agsisia, a4 &) 2g L Table 29
Fig. 3% 2t}

n-1/2 _ _n-1/2 n+1/2 _  n+1/2 n+3/2 _ _n+3/2
=x xp =x xp =x,

Wﬂ+ 12 Wn+3 /2

System timeste|
+1 y p

Time
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Table 2 ISS algorithm

Algorithm Improved Serial Staggered scheme

1. Transfer deformed data to fluid domain on the interface
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2. Solve ALE fluid domain and compute burning rate along
the fluid interface after updating fluid dynamic mesh
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