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NUMERICAL SIMULATION OF REACTING
FLOWS IN DUCTED ROCKET COMBUSTOR
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Abstract: A solution algorithm based on coupled solution of the fully elliptic three-dimen-
sional steady-state Navier-Stokes equations was developed for the calculation of turbulent reacting
flows occured in ducted rockets. The governing partial differential equations were discretized by [i-
nite volumes and the nonlinear algebraic equations were solved by a block-implicit algorithm. Tur-
bulence was represented by the k-& model and chemical reaction was assumed to occur in one step
at an infinite rate, controlled by mixing of {uel and oxidant streams. It is demonstrated that the
strategy of coupled solution is rapidly convergent even in the presence of significant density varia-
tions. Calculations with grids as large as 39X 13X 18 have been made successfully in modest com-
puter time. The combustion efficiency calculated is in good agreement with experimental data.

Subject terms: Ducted rocket engine, Reacting flow ,Flow distribution. Numerical simulation
1 5 &

R0 s R BAL PN S 45 TR A AL B R i 3 BE AW, [ A OO R 2 AR B4 ST
T 14 it AL L 30 R i A R, S 3RO B IRGE M AUE TS T5VE . 1EE B WEA T E M T AMA
F BN RFAE ) k-e i 0 T AN PROE SR AR SR AN R N-S r R sk B ik, IR R T shis R 2

« WRHM. 1997-11-01, BHEH#M . 1998-02-25



26 f=Eo## & K 1998 4

6 S JBL B i JAL 48 VR IR B B T B TR A SR A 4 i A R R A TR LA R B R T R AR R
R B 5,

2 i A B AR A

KA R BB, BB A S AN R B AL B NN, IR R, &
HRCOHE BB ¥, 2 2% FH i A8 97 A K R B R R i3 . 7 i L9 R O A R ) RO S LR E 2 T
XX 5> R ke f BB CRIGTIAERLD) T ke f-g BB (Jr iR I AN VR S AE ), KOJE X BURE 70 A
MERHHEES LB RNI L, EW ke f-g HAFHEMM KB T LN, FRHX -HE
N, FEM B RBCRMWEHEE, RE., BREFRSERENTIREG 28 £ KO8R % R0 A ok 2,
RIFRYE X L M B B R R RE X ZBERFHED, R EB, AR R, A0k
2 p () NYIEAX A, RIGIRYE g EWE SR ADATRERIBUE £ A £, BLRETE 525X o,
ZJREERERARBHERRERE, LERIEWHX—TFER R 517, a8 RIER &
i3

AR AR, HAREBUERM 7 faE 5 REn, pockah, BNARAREYE
BRI G, BooiR N R 7R e o I RN RO B 3L R e 9, B U™ RO UE, FRATTSE
b LB 7 AMAE BT IRBE L R 2 B TR 1 i B X — R

3 BEHTE

FE W R NI 2k A 7 FE ] LA s poan Tl A B K
V- (VO — ToNVP) = S,
Rt O RREEE, T, F S, 4 B FRA BT € 25 8 RECIEI,V £oR s L&, 134
NESUWERA w0 M w KHREBMBETHE 1R BEDSE & H.
(mgy, — my/S) — (mp, — Mo/ S)a

 (my, — me /Sy — (my, — Mo /S)a

A, m AARFEE S, T ox M fu AREMF BB, S ARMLFLEL, AR B 45
AR B2 T 40 4 A 77 A4 kTR B IR .

g BUCHIREDE f MK 18, B g=77%, BT KWL N BT, Br DA 5 f2 # H
[ 4 A8 A5 R KR

i ERE g = CLok® /e Mllm P RLA 5 1 % H B 3 8 .C, = 0. 09,C, = 1. 47,
C;=1.92:C,y = 2:8,Cp = 2: 0yaz = 1 08 = 1.346; = 0:1650; = 0.6, = 0.6

EREMNTEMEATESHBRETE: o= Mp/RT , M RIREY BN FRE, BT

1 o my, _|_ L m,

M~ M, M, M,

m KR FEE 7L, =T aalREE, FAFH™~Y,
BEVYRBEEREN: C, = JZm,—C,,,,— . Heh C,=a + 6T + T
fERERETEY, SREXH.

h = mHy, + C,T + - @ + v +w) + &

Hork |, Dy 5L BT R PR RL 5T 4 R 08 B Tl TR I B e L




5 K i TR R BHL R 37 37 1 B A 27

Table 1 Exchange coefficients and additional source terms
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Fig. 1 Flow pattens in (x-r) plane for 8=0° (reacting flow)
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Fig.2 Flow pattens in (x-r) plane for 6=45° (reacting flow)

t
4940 —— ]
/{%\wsm 11 %

Fig. 3 Temperature (K) distribution in (x-r) plane for 6=0° (reacting flow)
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Fig. 4 Temperature (K) distribution in (x-r) plane for 6=45° (reacting flow)
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Fig. 5 Fuel Fraction distribution in (x-r) plane for 8=0° (reacting flow)
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Fig. 6 Fuel Fraction distribution in (x-r) plane for 8=45° (reacting flow)

Fig.- 7 Flow pattens in (x-8) plane for Fig. 8 Flow pattens in (r-8) plane for

x=0. 12m (reacting flow) x=10.8m (reacting flow)
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