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Study on Nonlinear High Frequency Acoustic Oscillation Combustion
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Abstract The forming and developing processes of high frequency acoustic combustion are stud-
ied with the method of computational modeling in this paper. The gas governing equations are de-
scribed under the Euler coordinate, and the liquid phase governing equations are described under the
Lagrangian coordinate. The high pressure combustion model is adopted. It is observed that the pres-
sure oscillations near chamber head and convergence is greater than others when there is high frequen-
cy combustion instability in the chamber. After comparing the pressure, the temperature and velocity
of the mixed gas under the condition of unstable combustion, the conclusion is drawn that the oscilla-
tion frequencies in two phase flow and combustor are the same when acoustic combustion occurs.

Key words nonlinear, combustion, high frequency acoustic oscillation, liquid rocket engine

MRS R B K FT RSB EARE RE R PR E R RMER" - Bb. AR
BAEHRRSREM A EMREIB P REARTEMER. X1 A0 T ILABEFER T E T 753
ERRFRX:

« 1996 4F 12 B 11 AW .
H—tEHE. B, 5, 1969 F4. W45



10

H BB K% %4 1998 4E45 1 #)
F1 RBUBENHATEHEZRXER
Model Mean dropsize correlation
o _ o ¢Djut, ]
Ingebo d=0.123D, [ o on, ]
Mayer(+] d=9n WB[————“'G% ili
PuN Py
Nurick!®? dzasuo*[a§%%n][%}
M ERALEL, EMHEHEHERBEL. MR aEE M3 E 3R
dg‘ =a %‘ + B, u_;_ (1
FRMERBER 2 fHH:
F?2 BURTINTIHRFEXER
Model g Ba
Ingebo!® %32 —0.88 GG_.
Mayert —% —%;ﬁ—l
Nurick[®! 0 —1.4 Ea_|
BHARBERHMMRBHANMTRE:
”'llm _ Pl o '1'11
Tp—ap;'{",@'u-—f—&?ﬁl— (2)
my,
q/ . PI lll tl_"_l
Z—“qzﬁLﬁq;**‘aqu 3

KATPWRERPATSH I (6]. AU EERTUFY, HREZTHNRERRE R, BB i

VLR B R R
1 =HI77EA

SARFHA L2 RN IR IR AY Reynolds B ## Navier-Stokes J7 B4R . FIR BRI — 48 21

TRAT MU TE:

ovb
peb
pib
kb
Lpeb

RESKNEERERRE = 2 oY, RERNRER e =57

[ob
pub_1

Q  IE  IF _
a+&f*@_H

tRFQRFHERNIE, E. FRERUTERANKE, HRFEW, XEMHRIAMT

oub
(pur + p)b —t,.b
puvb — t,.b

(pe + plub — (ur,, + vr,,)b — ¢.b
pub — f.b
pukb — r.b
Loueb — s.b

1

4

puvb — t,.b
(o2 4+ p)b— b
(pe + pIvb — (ut,, + v7,,)b — q,b

ovb — fb
pvkb — r.b
| oveb — s5.b

RT W

+

L+ SRR

ovb W

A9



RS FREBHARTVREENBIR 11

AL LA R A A AR 51 A A0 BT
2 BEZRRER
21 BRBRLEE 7., HTHAR

. 2npDr ,N%,, 1 — BY, .,
e = TTAR “In [1 - BY,,Y] )
41tr,,p ar, 1
bR A= TR = p A)
2.2 BHEREMTEAR
dr, _ 1. 5AN3Tz{'1'.,,, -1, AH, ©
dt — pe,,rt | e —1 Acy, + ¢,.(A—1Dp../0,.,
FRp 2 = mulAc,, + (A — De,.p../0..1/ 2rir ,N%)
3 HEHEAX
B2 .
QH =q, — A%(E;-H, —Er) — A% By — F ) + MH! + S, )
KIEH
Qi = 5@ + Q@ — BT — EFL) = ST — FIL) + AT ST (®)

4 AREMFRR

ARERPMERIR B Priem 42 1 49 FE f BUBMER) . MRV AU T Crocco™® Ay URBMRPE BT A LAY .
Priem FIF i B8 30278 Bk 7 Bk 30 % #R 1 B¢ i B2 15 150 -

pu ny pu L ap’
p ot

m' —aﬂp'-i- ”;:QL%Z—

9) AFFBMAQTHERREREOER, (10 RFTTAGRFNFRERGE L
5 FAREMEIRHBERINS S

A1 @ ME b BRE-TRGABALDNSWG N EN R ERDHZAME. SREE
WREBPRGREEN, ATHFREBORESENRGAPRTR- MRS FUEBITRGNE
SIZAC R BT R AR A 5Y s 5 1R A R v T B MR 0 22 [ S e B O S R S A FE TR KU A AL S
XM FERGSEEAR, W5 RENMECEEBSBETERRM. T —RAMKEY, HETU
FH, EBEELRENEE, EHNEABEEREZE: REE7ERERSEA DB ZE B2
EAEEMBEA X NBE L, EREESRIEHIETY, EANRDHIT. BEaTREEAE
FEEEBRNMRE, FURBEE PR ENRDANE, TE s EE BRRA MEEE LI
WS BE A O B MR 2 (8] 40 B I SR K.

P 2 T 3 RARBEE 3R A ROR B SR R e B 1R 6 A0 Ak 1L 8 038 2 B o [ 9 AE A0 P . el T
LABRBITE 5~10ms Z BIREHBEH R EEBAAHEK, ARESFEH. RBENKES. XTMHRR
5 B¥IRS 8

B4 FE 5 43518 15~17Tms Z B E A SRSEE . Eﬁ%ﬁﬁﬁﬁm%ﬂ@ AP E PRI

—
pu', = a —

9

10



12 BBy &K FEER 1998 4E53 1 1]

501
E 8 ~— = 5a=T/2
i, =T8N e 6:6=5T/8
503 ] L em e e 1=3T/A
E L L N 8:0=7T/8
403 L8
. . 30
[N a
é 304 2
T3 R 20
20
103 104
L 0 .,
0. 00 0. 050. 10 0. 150. 200. 250. 300, 350. 400. 45 0.000. 050, 100, 150, 200, 250300, 350, 40 0.45
z/m z/m
B G AR ES A A B (b)) RS Bkahis i il i A 8
0. 204 0.20
—0.00 0. 107
—0. 007

—0. 203

T/T

3 E—O.loé
—0. 403 = E
E —0. 203
—0. 603
E —0. 303
— 0. 80 e 0. 40 e
5 10 15
° o A U
B2 A= iR w1 B3 ez RRAGEENALE

GRS AR S Z MR RN ER BB X R, [E0 . BB AN (8189 3 3% JA AR A R T
M ERARR. HETUEL, dTREZHNEREE. FnfEE LR BB FMH RS MR RS
BOER, BAMEES. BE. REURRESMRGSRESARIBENRSY.

0.305
0. 20 3
0.103
\a il A
= —o.o0d /i
E —o.109;
~ H
A
—0. 20
——— Dressure oscillation —0. 3073 pressure osc'illnv..ion
= temprature oscillation E === velasity oscillation
—0. 40 Iy rrrrrreeTTTTTrTEETETETTeTTT
15.0 15. 2 15.415. 615. 816. 016, 216.4 16.616.8 17.0
t/ms t/ms
Bl 4 LE AR BE 1 AN AT KA PR B S IR S I A

6 it

Bk KB RN RS R R T R0IH, AERRMBS. B, BE. REARLR
RURPMRESYH R, REMERKNE, IETEIBRBNRENREHEEERNER. &
SGEEMARERBEER AR, 2 TERAAREREOERERRIR, FIRTEIENELE
. BERHIETERGANSAEL. HFRET —NARHEHENEEHL, R EE TR



B IELRMEWBIR SR 13

BREEE. BESENRGEMMLMBEERRER, 05T A RERRARKERTHSHAZEL
AL, 18 T KH R SRS A IR SR Be & A B AT I 3 A0 Bk Sh 4R 5 4R B2 28 [ A ST R AR AR 3 O 45
o

S 3k

1 Jeng S M and Litchford R J. Nonlinear Analysis of [.ongitudinal Mode l.iquid Propellant Rocket Combustion Instability. AIAA-91-1985
2 Bhatia R and Sirignano W A. One-Dimensional Analysis of Liquid Fueled Combustion Instability. J. Propulsion and Power, 1991, 7
(6): 953

Ingebo E D. Dropsize Correlation for Cryogen Liqued-Jet Atomization. NASA TM-102432, 1990

Mayer E. Theory of Atomization in High Velocity Gas Streams. ARS Journal, 1961, 31 (12). 1783-1785

Nurick W M. A Reviww of Shear Coaxial Element Atomization. W. J. Shafer Assoc. , Memo No. 082, l.os angeles, CA, 1992

QU A W

Vigor Yang and Anderson W. Liquid Rocket Engine Combustion Instability. Progress in Astronautics and Aeronautics, 1995, 169



