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Investigation of Dual Time-step Approach for Supersonic
Combustion Flow

WANG Hong bo, SUN Ming bo, WU Hatyan, WANG Zhenr- guo
( College of Aerospace and Material Engineering, Natonal Univ. of Deferse Technology, Changsha 410073, China)

Abstract: A dual tine-step appwach was developed for simulation of unsteady supersonic combustion flow. The flow and reaction
were separately calculated with a time splitting method. The flow equations were solved by the dual time-step approach with the inner
iemtion proceeded by aLU-SGS method. The source equations were solved by 2™ order trapezoidal formulas. The influences of the time-
splitting scheme and the time sep were studied. The results show that the 1st order time-spliting can slightly overestimate the chemical
efficiency and a 2" order time-splitting should be mplemented. The tine sep has a significant effect on the results. In order to ensure
the computational precision of the uncoupled method, the time step should be kept small enough so that the unsteady behaviors of the
large scale vortices, which dominate the transpoit processes in the flow, can be captured accurately.

Key words: supemsonic combustion; dual time-step approach; LU-SGS; time- splitting; time step

Runge- Kutta ) )
; 2 2 2
2 2
2 2
2 2 2 2
2
Jameson t
2
12 . 3
s Lin'®  Shieh "
2 2 2
[4]
2
[5]
o
* :2000- 9- 23
: (50906098)

(1983—),

’



2At

2 2010 3
1
Navier Stokes
a_Q OE, OF _
xra- W (1)
0= (p, QL,@?e,Pl, ...p,,_J ,E F
o= e B[ cnery xro = o(ate e pEgn(r)
e Y N-S e
v= vE—+ 1 (2)
dek
Q e e , w
W= [0,0, L (1) . o, %] (3)
00 QE_ OF _
o * aa FI (4
%= w (5)
o=(pap.e .o p). 0=(c .0 0.0
NS A (4) (5) :
Gundunov
0" '= LadLi(an @’ (6)
Strang
Q" '= L,-[%t] Lf(m)Lc[%t} 0" (7)
Ly , L. ,
, [ 6] k
dR/di= o, O , 0= — aQ+ by,
(SAR [0(1— @ At/2] + bmz]/(1+ a Az/2] ar b
2 LUG-SGS
2.1
7794 R(Q) = (3)
ot -
3 _;ffo + (&FE+ &F)" = (&E+ G (9)
» 8 .8 (8) :
]—100 A—T0+J7130 —40+O +(6§E+ &F)/Hl (6§E+&1F)p (10)



1

s

[T+ 2At)1+(6&4+ &B)]"AQ' = RIS (11)
2= ¢t g s = - 1y A g e e 5
AO’J_}() i , Qn+1: Qp+1
LU-SGS ,
. leqﬂ- o b ()
Dot = otk
[7] . §<0. 01
2.2 L© SGS
AT A+ 1]
(13)
B* % B+QB)I]
A(A)= Bmax| [ MA) I, MA) . B 1 ,
, P(B) ) (11)
[(% “2%)“ (A" + 8A + 6B + 6B )] AQ = RHS' (14)
[D+ L+ UIAQ = RIS (15)
p=(dgr Iy (v a7
L= &A"+ B - A" - B (16)
U= 884" + 8B + A + B~
L=D+L, U= D+ U, LD 'U, (15)
LD ' UAQ = RHS (17)
D= Qul
L= Pwl-Ai1;- Bij-1 (18)
U= Ol + A7+ Lt B;,j+1
O (Lee 304 pa)s p(B) (19)
T UAT 2At
LAQ = RHS
AQ = DAQ (20)
UAQ = AQ™
2.3
RANS/LES ,RANS Merter k- SST "1 LES Yoshizawa

[10]

e F WENO



4 2010 3
3
3.1
1 , 8mm,
4, 45 : :
0.03mm(y" = 0(1)) 1. 75, 532kPa, 1322K;
0. Imm, 10mm, 1.0, 780kPa, 300K
1
Fig.1 Schematic of computational mesh
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Fig. 2 Time averaged chemical efficiency and mixing efficiency
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Fig. 3 Time averaged chemical efficiency and mixing efficiency
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Fig.4 Instantaneous and time- averaged temperature fields
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