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MIXING FEATURES OF TWO-DIMENSIONAL
SUPERSONIC TURBULENT FLOW

Zhao Lie Wang Famin Pan Lijun. Yu Gang

(Inst. of Mechanics, Academia Sinica, Beijing, 100080)

Abstract: The flow characteristics and the factors influencing supersonic mixing are discussed
emphatically. We briefly introduce the current reasearch situation for parallel injection. The mixing
mechanism and the effects of different inflow parameters are investigated. In present calculation we
adopted a two-order TVD finite volume method and Boldwin-Lomax turbulent model for solving two-
dimensional turbulent Navier-Stokes equations. The results show that the numerical method used here
can restrain non-physical ocsilation successfully and is suitable to study the turbulent mixing features
of two-dimensional supersonic internal flow.

Subject terms: Supersonic flow, Two dimensional flow , Numerical simulation, Turbulence model
.
1 5] &

B ERIVREENMHTTUE SHER, EREPHRBREBUN T KBS WM
RIS« NI BT BRI B 4 o LS SOt ) BT o B 6 X T ER 4% i BYY1JZ - Roshko™
EABRTREBERAIBFATEHHEM, HWLMARTRSENFEIIRE, Ferziger™
FATRTRRTPHOREENWHTEHRERIWER, He T REHIE, HETERE
BREIEFZSABUNE R, Hussaini ¥ AR THREG BT REB AR SHEBKA
TRERRERE . kumarF AL TEHETHEBRARENRGHRA SRS HHEE.

ASCEXRF B E S, M _EEARREEERSH LM RRRS ST T RE
Bl NP RHE TILHAR LM ERRSY . REMTENMERRESIE. TH
RA—F B TVD B XABERER B-L BEHE, HHEERERT 48 FEN RGN
RS HFIE.

* A 19954 3 A 27 HILP|, B 1995 4 11 A 12 HH



B17%H -
F2H ZHETE MRS TR 19

2 EElRRAREHE
AN T RN TFEHALH RIS TEEX.

17+3F £ 3

U= (P,Pu’PUHOE)T
Ko FWU) = (pu,pu* + p,puv,puH)T

G(U) = (PUoPu'U,PUZ + PyPUH)T
PR HERTELSE, RERREREE HYURENT .

E=ytpio+ L+, H=E+p
R ) AR S=S U) IKHR '

o)

S = (5,,5,,5;,8)7 (2
— __Elu 6113' _E!ﬂ élyy
M&k’ S]'—09 Sz"-" a"’x ' ay * SS ar ay

: C a ar
Si=gr ratvry) 45 Gt +t=(2 @50 +2 @]
2 ey (0 Fu Zﬂ X
BRI R r= 73—( ~1/3divV), e == Re(ax+ay)”” Re( 1/3de)
ML, BB R BT po= st BRRE R () &Sutherland ARITH -
T, +C
iy = (T/T 782 3

AAH To=288. 15K « 4o=1. 7894 X 10" kg/m + s
BFESE: #O, HERABEG BE, FERBEM: FO0K, AMFHEEY

3 Baldwin-Lomax i 715

2 3 f§ ] Baldwin-Lomax GBI A BE, b TFRAREBN D ARRIERIAKE
RE, BMiAREFERTHRENIZTERASERES VN, IFREZXWT:
={Plszl,y<yc '
' KC.oF Fi(y),y>> y,
Heb oy ABFREMERER, v ARESHERERBAES > b6y v BIRMR/ME.
HERANMERBREZXPHBEEKRE, ATX#AE:

+

1=ky(1— exp(— %)] (5)

€Y,

ﬁq’: y+ £,

O i lwl= 15—
SRR RSO AR PHERIT

yrnameax
F, = min C,ypuer, (6)
F o




20 o H R 1996 4&

He Fou 2 TFIF (3 B9BEE L LB KME
F(y) = y|lw|(1 — exp(— y—:)j

Voux N Foad X H vy 835, U= WVl 4+ 1) pi— V20 )

i oL [l BK BB
6
Fk(_y) = [1 + 5. 5(& )j_l N

max

MRABEBPHLEEHMT: C.=0.3, C,=0.25, AT=26, £#=0.4, K=0.0168,
4 HHEAEZ

RE—F B TVD R AR AR, % 5B RS2, BREELIS 5 — N0 4
5. EEFE (1) EHT O, R

2 HUdzdy n H(aF i"g)dxdy — Hdedy (8)
i Green A%, A[{§
ﬂ(%g + %)dxdy = élzk(n’;F,, + nGy) 9

K (s ) R Q8958 R NIRRT B RAISNE AR, LY Tk, Uy, HA5HRU,
H 7 O,/ 85 P91,

H, = L.(d¢F, + G
ME @), 9 B

AU + SH, = S,A, (10)
at k=1
Aijyg ﬂ.-jl:'lﬁﬁfﬁ, S;;Tﬁf(jbﬁlﬁﬂ‘fﬂo _FE%H:':X‘T@?%“/I\@ F1=F,~+%.jl§<lﬁﬁ’&iﬁ
_ AL, .
II]+ An_;x A'rn (an(Uu) + IG(U,‘,) —_ A:—xinUij)9
i :&;—A‘_’_"ff;("iF(Um.» + AGWin) — Mlisr,) an

AF Aa=max 3™ A, 0}, A=min {J* AP, 0}
,111” Ai, 29 A:%ékzzk (ﬂ;Ak“—n;Bk) B‘J%ﬁﬁﬁs ﬁﬁAk:aF/w’ Bk=£/w’ (_jlz é{]ﬁﬁ
FIRABMER R, A=diag (X), M C=RAR, TR, (1) BHEREEEERTEY
n+1 n
ij(%—i_ EH,—AS a2
A 1?;=171++F1;+%R1 (B — D7),
& =minmod (AfLRl_lA,-_%U, ATR{‘AH,%U),
&7 =minmod (A;R;IA,.+;U, A;R,‘IA,»+3U),

A

PO _AL_
A] Fr (A —Az D), AT = = (A —ALD,
Iﬁﬂ‘ihﬁﬁ?, A,-+%U—U,-+1,,’ Uij, Hz 1] Hs 1] H4 T%‘sfu%tﬂo



F17 % :
$ 28 TR R A AR A 21

HE AP ETET — R, REHTRELHEEUE T4, BERBR=
AT EA.

5 WBIStie

ASCRE T ERAJLAR . BEY KR, FetxFREEY K EE TR T HARRE
B, POBRESHRESN (p) SERRMES (p) ZHRHNH ps/pa=2.585.0, BEE
FEHECH 3.

B 1AHEARBR T RN EESERSA. TUESL, POMBELORE, TEREE
W, FENEREUE, XRHT p/pa WERFTSBOBKBEAR . B 2 K% 5 ENFE
SAHBRE RN, B3 RESMEHBFEKSMHENL. EO R0 EERBRE
FUOHHRL S O MGE T H RS ZRAK.

B4, BEALAERELEEHAGHME. B4504ETRERRBHHEERE
h&EENA. GE 1, 24k, TUEL, RHMEEREER.

BT ERHRRE - MEBSETNEE. NYRIES. BERREMAK, FRILMSH
RETSBRNBEAEFEEARR LA THIRES RREVNERSE TN ER.

(a) #)/Pp=2.5 (b) py/pp =50

Fig. 1 Density contours at different cases
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Fig. 2 Pressure contours at different cases
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Fig. 3 Mach number contours at different cases
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(b) Pressure

Fig. 4 Distributions of centours at other passage
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THE RESEARCH OF FORECAST METHOD

FOR GRAIN LIFE IN SOLID ROCKET MOTORS

Ren Guozhou

(The 3]st Research Inst. , Beijing, 100074)

Abstract: The variational laws of grain hardness on solid rocket motors and the hardness, the
strength and the extensihility of HTPB propellant piece in the storage period are studied. The
mathematical models and the regression equation groups of the grain hardness strength relation, the
extensibility storag life relation have been built in this paper. The grain life on solid rocket motors are
predicted by means of the method.

Subject terms: Composite propellant, Charge, Aging test, Storage life
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