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Abstract
investigated in this paper. The temperature distribution of the flame was obtained by measurements

The characteristics of instability in a confined combustor with liquid spray flame were

of thermocouple to give the flame structure. Pressure rms maps within the relatively wide ranges of
primary and secondary airflow rates were taken. The results show that the spray flame is stabilized
by the inner and outer recirculation zones. The highest level of pressure rms in the condition of this
paper is about 100 Pa. The frequencies of instability are in the range of 200-230 Hz. This instability
is believed to be an axial standing wave oscillation.

Key words combustion,; instability; spray; oscillation

AR EZREEED, WTBKERERS, W
MEARVRIRE, MOBRBEE., KFRFVREE
URKB SRy, BAERBERSICR. RER
HEETRERRENEHESIHEEN. RF
(Rayliegh)!!] ¥ 5542 H T RIWFHRIE IR T 7276 5 7 W%
W, A RMERA: EHSRAEMHAMERN,
Mpeiw SR AN RARR, RGBMH. LR
FRAFFIYEN] (Rayliegh Criterion) , Putman 2545
FIAE N FR A EHYIRSERAR, BETH AR
{84 R(Rayliegh Index) RA|WiMBER G K £S5 E,

Wik B XS 2001-02-26; ¥E1THE: 2001-08-05

R RTEN, RRERGHREFBK; % RMTE
i, HRBEIR TR

WRIPE IR 5 B R X SE BRI E B AT A et
FAERKRENE, RBERG2IFBEUREEE TR
TR, FEMBEZISBUBKA, TRXKRENT
CATERR UL, WERBIORMERER. RRRY5IE
i B Sk 3K FBORBE Z LM IOBUR. R ke ik
GiE K RBRBER LB, RAZ —RI5RYH
B, RBLRREEETFRRNESE RN
ERCERAAT T / SRR, MR
GBI ARY. AT HRRRRIRY HE, £
R 77 e R R BB BB 8, EERTHRA

BEWA: FEMFRUFEAEBIE (No. KGCX2-301); BXE SEMPF R RAREBIE (No.G1999022305); HFHFHE
ARBSHESEBE (No. #SMFE (1999-747); 1 ERL# BRE % HEA AR sh & & KB H
ek, B F (1954-), H, WA, BIHER, L, EEAFREODA



768 T B #i ¥ 8 ¥ #

22 %

EFHE T BRI BEIR .,

MA—FEH, ERXBERT, ENOREGT
DAMEZAB S =BG, WS RRER, #
serRaEdE
- RREXMNRERRGETEN, ERAAXR
PRI BOR BB R ek, JRERAE R < B X 3h
0 R F g shis Rk M ERp R G, HWHEX
RRGEIRG BAF RAE S T MR, BT HRGEIR 85 057
REw, WHERAEREHAZ], BERRA, FEE
TR, BT XHRE R A RS 2 W
T H A, UK, BEE R N R e 1
BRORR, URTHIBERKER, ERMER
GHISWT R FTRE, T H ARG IR 5 i £ sh
HOR A ATRE. BT % S MR %E 10 Wi A0 3 sh il A
B B AR R SR — N EE T . {H B ATE AT
B TAEED, §xE XML 3008 EX bR
BRI HUREE = R b A B N IR B B

MBRT TR, BHT: ASISHURMAHE

XEHRGHIR M, R HAE IR R G W R,
E—EHEFRBEENRGAIIRAME, #AH
WANZ MBI FBARG RS, M T EHR
GHARIE, RUEHRGOEFRREEZREHH
W3R EENRG R THIIIEEW, AL/ RT
T B IR AR eV — S E B, X
THREFE RPN FMGT R sh A E S H,
FERGSRBOHLEMETHRTEENSS
B, Bt — IR RGO i) 3 fl i Eal.

2 THRE

B 1AXRRAENFEE, — KRR
FEPAGERRELYS, REHARRETEER
RRWE, FohaERRl, BRERME. R

A1 IRREFKE

BB ERTUMERS 10 KK, MEHE
FiE W& RAEHHFLHLTE.

A 2 AWK BN REE, R —RER
K=k, BRA014m, KFEHN06m, KA

R, BRI, TIRRUAREGEA; B—WA T

TR O, W B R R A R A B TR, AT
MERRMENENMBREME B2 ANERTH
FEE PSR S A B L. MRS B
FSRE .0, BIRAAEREH KD, EHD
AFA 45° BB . BEHEOR R B
ARSI, HEANBELENEAMTHRE
AR, —WREEBLER, EA%H 13
2AKRAE. MBENTR 0K SELEA, B
WA 60° , BYRIBEE OV NER, BEHTRSZK
PR, Ch L BB AN 23S B 7 M AR T e
FXIE MBEEANTEEAE, BHNMSSHET
ARG, BB YN EIHE, el RS
HIHE XL HE X 1 1 B 5h,

Ha
i
%
Rk /]

A

ZRRATER 2N
AT \

AL

%

it 97}

meEg’ TN, o

2 KREREE

SEI0 FH R0 TR RS, 755050 i@ el
B 176 M 2.03g/s, —RNMBHEA: 0.11~ 4.5
g/s; “IRAMBHEN: 135~225¢g/s, EH
K F HE VO R AR W B PR R B AR R R B, AR
R WINET B A 10 ps B, FIUBKFSEL A/D
S BT ENCRAEE S, A/D BN 16
fr, SREEHBEXN 10 kHz , A48 5 kHz {55,
EhtERBREEREERZENNERT L, £R
FeER R RO, BEESE DY 343 mm | Zfr
BERAEWE XEH LR, REAEEAHME. B
FEFISE XA AR AN B, HABENS SRE,
SRMERAN 0.5 mm , Hy T EL {8 K m S B8



6 W R OES EARREE N ERLR SRR 769

&, BB R IR, A Eailfl b
HRpe E I BEE A B, FEARBE IRk, WL fEBE
A 25 mm , ARRBEZH TRE L OMBEE TR,
HEARAEBMAILGAE, HENLAMERERE,
AR E A AE P IR A AR, AR R BE R K
TF 400 mm DUJ5, BREES RIS, BENE
FHEEST, HARFBHF— A/D TATHEILFE, &
JB ¥ B IR R fEL

3 HREIH

B3 RMMIMERE 1.76 g/s, —IKKIEN 2.2
g/s, “WKRIMEN 15.8 g/s &4 T MBHMBEZEN
HIRBESME, BT SR AN, DR
SMERREE N Bah BRI &AL B, ZE8R
LB B EH O BT, R8T 2B 7E LAY PP 0 A TR
() B HETE BHE 22 AR, BrRARRL (T 1) YK B
FIRRER 70°C 4, BRsRAhont AT 2 A i 6 T f) i P
RO LB AR, T 7E B I VSR BB B RLX Y,
KIGHIRE CLAE TRREEIKE, Bk, 2R
KIS R ISR B TT T SR BN, BEE 1 TR EY,
BEERNENRBYY. BT, SHNEHEX
JOF £ 4138 X35 ) R P58 AT 7RG 0 BT L X B IR R,
REMHCET MG R, EXTHE, B
HR 455 i R VR 7 00 [ O DX A, T L XS 4
HEH R BB B 2 O AL, AT T 8 kLA
ERETMA. ARHBEZE AR KRR
FRY IR RL RS 28 0 [ L X K A A8 RE BRI .

B3 MREABRBEST

B 4 RARHRERY 1.76 g/s B 0 E J1 Rk 3h i
AR ERE —, K RARALR AR . B Syl

ECLSERRLAE, FERENKSMHENER
MRRHR TR AL 72 Pa, WEFRI, K153
(RRBRPERG) RAEE—ENZTMBREN, T
RAG R S AR S HE KSR, H,
ARG K E AR N E SRR E
HmER R, EATSRRRSREBREEER,
RBETS R HR F R E K. BIGERKA 4 HE R
TR, EXGERBRALIAALIOZESE, &
RATRERE SEHRBEIR G 72k, B, FTREMEIN T 55K
REAREKEE, W0 BX, FEAFDE, 5L
BB 2.03 g/s BEE ) KEh o E. Hoamm
Rt S 4 g A2, P RRREE
RkEME B B2 A T WUE RSB BORME,
EESE oA —BEE. MHE 4 FE S5,
A ZRNAFRFNESNE, MHEXBHHLE
ARARHAL R IRk B A MR RBE,

L5
1.4
1.3
12
1.1
1.0
09
0.8
0.7
0.6
0.5

TEA KRR

0.0 ol 0z 03
P £ v Ik -
B4 EHRGEREDN (R 176 g/s)

1.5
14
1.3
12
1.1
1.0
0.9
0.8
0.7
0.6
0.5

EBA_KAE

0.0 0.1 0.2 03
EBHA— KRR

5 EHRHERBESA (AR 2.03 g/s)
LB, XPTRBIIE SRS E#ET TR

HES 4T (FFT) . 4 REN, MERK
B EHRL, EAKSIETRERLE,



70 TR AY ® R 22 %

- ERAHEEECEER, EXROREN, ERE
200 ~ 230 Hz KIYEEIAAE4L, B 6 R—ANTHTH
ARk a2 R, HEAR K 210 Hz,
R, 7 420 Hz &b, H—B/MIEHRERE.
RIFFEER AW, T AR 3R 5 st —
PHIHT. RIEFEKE L
R
w

a=/y=T . (1)

Hep T AMBERE, K; BBk iy,
H%T 1000K; RAEMSGHEY; 1 ASEER
4FE, RRECAZSNSTE, v AH#HL,

KEMBEA 1.4, NATHRES B E 2R RE
K09 52 — PR A KT EHE R
fn=1 2)

e L BRRERBNIRL, A HE fie A 265
Hz, AT LROWRSER, D EitHHAK&H
RMGEE R OB/, TERRKMREERH O
P8R, Bracco HBFSTRE: SCRn il B B35
RREREESEH OB T, XRAU LR
SEEETERE P, RSB rREmE,
I 77 52 B Bl 1) AR 3% O SR 265 Hz B,
Ando KRB EI: MEERBENIEHSIESRTIR
HBEBHRNARL, TH, FEyaTREsIR

500

400}

po!
B® 300 |
ﬁ .
— 200}
B
100 |
W
0 L 1 | I— 1
0 100 200 300 400 500 600
%/ Hz

B 6 [EShkshimE

BB S IR AT ¢

BB LU EMEERIHEAISOR [45] MR, LR
T 75 B SR L R 7E ol 1) BE e O SR R PO
TR0 2825 s v 20 1 R 1 RUBEE LU/, ML B
FREFEERN L, AULRBIMGEDRET
REZ B R R R BRI EA RS, B
A B T 2R B0 B P B S A R AR 2 A SO
EO B 1) 4 5 SR R LU,

AL PRI HIMRBEIR %S TR PE X i e
B, KIERAEtE, BERBITHREE, SRYHE
B SHA R AR KRR, NYmUERE. §

Bt — R R AR IR 4 3, ﬁﬂﬁimﬁﬁﬁ '

WHUNE,
4 & w

(1) ERSRE T MW ERE BEREET, &
—ERRELER, AIFEERSRBENRERG,
JEJ1%) rms {E7E 100 Pa B Z LA,

(%Eiﬁﬁ@ﬂ?ﬁmiﬁﬂﬁﬁ%m%ﬁ%
B, W%HEW%%Tﬁ@

(3) #RBEI%E A 1043 5 A R B SR AR ZE 200 ~ 230 Hz
FXT L B P, "B S0 Tl 1) B B Y WO 4 2 — B 4 B9
R, FUREE ARG R RS,

(4) FTLARTIN B — Ui, B8,

(5) FE—BBFRT XRG4, ﬁﬁﬁim
BHIBAELE, '

O ® X W

[1] J W S Rayleigh. Theory of Sound. New York: Dover,
1946. 226-235

"[2] JLi, S Acharya. Flame Stabilization though Forcing: Ve- -

locity Measurement. In: AIAA. 36th AIAA Aerospace
Sciences Meeting and Exhibit, Reno, Nevada: AIAA
1998. 98-0644: 1-12

[3] F V Brac¢o. Standing Acoustic Waves in a Confined Non
Uniform Gas. Journal of Sound and Vibration, 1975
41(3): 301-309

[4] Y Ando. On the Sound Radiation from Semi-Infinite Cir-
cular Pipe of Certain ‘Wall Thickness. Acustica, 1969,
22(1): 219-225 '



