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Numerical simulation of gas-particle flow in hot gas injection
thrust vector nozzle

LIU Hui, XING Yu-ming

(School of Aeronautic Science and Technology,

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: The gas-particle inner flowfield of gas injection thrust vector nozzle in solid
rocket engine was simulated using Euler-LLagrangian method, and the effect of solid particle
on thrust vector performance was studied. The Roe scheme and monotone upstream-centred
schemes for conservation laws (MUSCL) method were used for secondary-order accuracy
spatial discretization for gas phase, and the implicit scheme was employed for time marc-
hing. The stochastic trajectory model and two-way coupled with gas phase were employed
for particle phase. The results indicate that the strength of bow shock is increased due to
solid particles, but the thrust vector angle and thrust coefficient are decreased; thrust vec
tor angle and thrust coefficient increase with the particle diameter increasing under the same
mass fraction of particle condition; thrust vector angle and thrust coefficient decrease with

the mass fraction of particle increasing under the same particle diameter condition.

Key words: solid rocket motor; thrust vector nozzle; hot gas injection;

gas-particle two phase; numerical simulation

:2012-00-00
thttp://www. cnki. net/kems/detail/11. 2297. V. 20130114, 1726. 201301. 151 021. html
(1983—), .



[7] »Roe (1
, . LLU-SGS (lower-upper
s symmetric Gauss-Seidel)
s Mentor  k-w SST(shear stress transport)
, , k-w ke
A . [12].
[9] , [1()]
[10] , ,
1.2
Lagrangian
, ' (1]
, N, :J n,vmdA = const 2)
A
o _ Ly—u (3)
1 73
Fluent
a7 _ L r—c,To D
dz The
, Euler
. Al/Alg ()3 0 dgk,i = U, (5)
Lagrangian t
, n, )
- 2
’ ; T — Cdq pdp ’ Cq Stokes
. 184
’ Wallis-Kliachko
1.1 24
, Favre {Cd - IE Re, <1
Navier-Stokes(N-S) s 1(\(1 — (140, 15Re%57) 24 (6)
. Rek
20 ; 1 < Re, << 1000
0O LR ‘
dt  Jdx;  Re dx;
. :C"pkékdz
Q _ [‘O,pu[ ,(OE:IT ] ht 12k [}
F, = [pu;spuu; + pdy s (oE + pou; " Nu,  Ranz-Marshell
F, =[0,—7;, —rju;, +q]" Nu, = 2+ 0. 6Re}>Pr® 7 7
S = [Sm ’Su 7Sh]>[‘ 2
Q ’ Fj ’ FV]

Sm?Su’Sh [7]9



153

1
- , L 78 mm, Rosin-Rammler(R-R) ,
47 mm, 2.09, 1 , 13
9. 6" ; pm. 10%,20%,30%.
[14]
’ 1
60°, 5 mm Table 1 Particle diameter distribution
b
/pm /%
0. 8. ,
X 1 5
105",
5 15
b Y
10 25
’ 76 ’ y+ 2.
20 40
b b
1 40 10
80 5
3.1
SRRt 2 3 20 % il
96,.:‘35:‘&333‘ \i\‘}
':“‘:“:‘:“::i“\i }}‘\‘ ,
, A
b b
1) 1 #m
1 .
Fig.1 Computational model and mesh ’ ’
b
po =06 MPa, ) X
T,=1600K, s
9 MPa, ,
y Riemann s s
’ b
b b b N
, Riemann R-R ,
b b
. b
b N . .
’ ’
Forder Ll , LA

1.5,10,20 um;

4 10%

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



154

28

() 10 pm

3

Fig. 3 Mach number distribution on the outlet plane of nozzle
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