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High-Frequency Oscillatory Combustion in Tubular Flame Burners
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High-frequency oscillatory combustion in tubular flame burners has been experimentally inves-
tigated using two prototype burners of 1 MW and 2 MW. Oscillatory combustion regions have been
mapped in the plane of equivalence ratio and air flow rate, and pressures fluctuations also have been
recorded. Results show that large-amplitude, high-frequency oscillatory combustion occurs for near
stoichiometric mixtures and when the mean axial velocity exceeds about 5 m/s. With increasing the
air flow rate, the oscillatory combustion region gradually expands on both lean and rich sides.
According to FFT analyses, the peak frequencies during the oscillatory combustion exceed 1 000 Hz.
A simple analysis shows that these high frequencies cannot be explained on the basis of the
Helmholtz resonator, or attributed to the axial mode of acoustic instability of the burner tube. These
high frequencies can be explained on the basis of coupling of tangential and radial modes of acoustic
instability of the burner tubes. Just before the onset of the intense oscillatory combustion, the
fundamental tangential mode, which is of asymmetry, appears, and during the subsequent intense
oscillatory combustion, higher radial modes appear coupled with the asymmetric and symmetric
tangential modes. Since the first asymmetric tangential mode of acoustic instability seems to trigger
the intense, high-frequency oscillatory combustion, it is suggested to design the burner as symmetric
as possible, and in addition, to make the flame as round as possible.

Key Words: Oscillating Combustion, Swirl, Noise, Combustion, Burner, Tubular Flame, Acoustic
Oscillation, Helmhortz Resonance
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Fig.1 Tubular flame burner [(a) 8-inch burner, (b)
12-inch burner]
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Fig.2 Schimatic of appratus
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Fig. 4 Mapping of various combustion modes in the 8-
inch burner
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lnSN/h)

DOIEEREOREGRMERZ AV v NEBETHRLTHE
HEN 2SR AR E HUEE V. Im/s], B &
U, BEXmMEL N~ FHEETRL TEHE N ST
YA AR Ve [m/s] bRy, M4 T OBEE, 7
a8y OFEE - BBARRER Th 2, K4 DR
&0, ERREOLVWEIHIChI > T, HERFRICE
B BRI, 13T, AHEARES - @B AR O
BEL L, YELDAVERIC I > TEETKE
HEOHE—ZBRARPEHEENSE Z b b,

L2 L, ZXRIMEEEMNE ¥ Q=650 m3/h 2%
3L, 0=1.05fE BT, EEEOEL WIEES
ERESBREEIREE & 7 5 7o, 2 OBERBEEIERD, H
B IETRIRIC TR T A 08, REHEE 2INE ¥ 0=
1192 EEd2, ZEAREYSSENsE2
&, H4ah, OCTHENT-ERH T 40bB, Q=700
mé/h TiE, ©=0.95~1.1 @ &i B, Q=750 m®/h
T, ©=0.95~1.15 D & F, Q.=860 B X 1890
m?/h DBEETIE 0=0.8~1.15 DHEBE TEHEAKZ D
B WIREIMRBEO RESHER S -, BERMEOREMN
b, IREMRIEOFAE T S LB I, HiG
BEHAT 2 g g IR T 2 @1 H 5.

KIZ, 12 A > FN—FIT BT BIREEREE 2 TR~
B 542, ZEE R 1000 mPy/h B KENEEZRT,
2T, B L & 5T, AE 291 mm, £ & 1000
mm OAEESEZL TITo72. 124 ¥ F/N—F I
BWThH, MAEBKRSHE T, B2, B THEEMNY
— R EROKREPEREINSE Z bbb,

K6 icit, BERmMETEBNCHREL TRk &HE
PRBEIREEDER 2R, 124 > FN—FTiE, 8§14 >
FN—F EHERNTEIDREZEIRE Q.=1200
mé/h TEREOIREMRES LT 5. 72120, 20
WE O OFHIL, 1.4~1.5 L BEBTH-7, L
HL, EERHAEEELL Q.=1400 m®/h TZ, IEE
REMNE E 2 Y ELOTRIZ0.95 o0 &FEME T
W3 s, —7, BBEETHZH, fiET 2 oo

— 317 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1200 BRKEN—F BT 2 EHEIRSREE

T T T
Extinction

Combustion

1L B¢ D
@=0.5
------------------ E;t_inction
00300 800 1200 1600
L ' 1 L 1 IQa[n:l N/h]
20 40 60 V¢ [m/s)
0T 23 45 6 7 8 Vams

Fig. 6 Mapping of various combustion modes in the 12-
inch burner
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Fig. 7 Pressure fluctuations in the 8-inch tubular flame
burner (Q.=800 m3y/h)
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Fig. 8 Pressure fluctuations in the 8-inch tubular flame
burner (Magnification of part I in Fig.7)
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Fig.9 Pressure fluctuations spectra of the 8-inch tubu-
lar flame burner (Q.=800 m®./h, part I in Fig.
7)

EDOEMG CRERBER (K49, AE, 0=0.7) LiEE
BREERF (R 4 R, S D, 0=1.0) DENZEEFHO R ERFHE
Pt BT, BRI IEE I ENE (kPa), BEEIT
BHIERR () 2 & 5, BRERBEBRETHS 0=0.7
DOBE, AIERZOLEH TE1 kPa L TOBEWVWES
EEHFE DL T, IRERBEDOFET S 0=1.0
DEEIE, t=0.15, 0.35, 0.4sfiE THIFEM T2
kPa 2 O LLEHHIRIE D/ & RIREIRESFE L, #
NIZFEWT t=0.6s{TIETx1I0kPalc bET 3, £
TIRBOR & SIRENRBENFRE L T 3,

2T, TOLBMIRIED /NS 2IREMABE(X 7 th
D1 DOEHS) 2L SFAND AL, ENEEBEZ K
L7b02M8IC, #DFFTEFOBREZK 9 IR
7.

K8ty 0=0.7TIEE0.5kPaBBEDENEH
THBEDIEZHLT, 0=1.00FE&F, £1.5kPa
BEOENEECMZ, I A7%, GREOEEE
NTWE I bbb, i, HEZIREIO T v~ v
fE(dB), BEENCIRBIEEH (Hz) % £ > TRL2 FFT
NS (K 9 T, 0=1.07TlX, 0=0.7LE->T
230 Hz WERAEOH WE — 27BN TW3E I L
bind,

—318—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

BRAEN—F BT 2 EREIREIRE 1201

AP (kPa)

Time (s)

Fig. 10 Pressure fluctuations in the 8-inch tubular
flame burner (Magnification of part Il in Fig.
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Fig. 11 Pressure fluctuations spectra of the 8-inch tubu-
lar flame burner (@.=800'm3/h, part II in Fig.
7)
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Fig. 12 Pressure fluctuations in the 12-inch tubular
flame burner (Q.=1 400 m3y/h)
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Fig. 13 Pressure fluctuations spectra of the 12-inch
tubular flame burner (Q.=1400 m®;/h, part I
in Fig. 12)
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Fig.14 Pressure fluctuations spectra of the 12-inch
tubular flame burner (Q.=1 400 m®/h, part II
in Fig. 12)
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Table 2 Comparisons of radial and circumferential
modes of natural frequencies and peak fre-
quencies of pressure fluctuations in the 12-
inch burner

(a) Caluculated (b) Experimental
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WORENALEE, AAME—F L EEAAEAE—FDOA
v 7Y T LI BEENIIEIRERBE TH B I L
HpxEigoTz.

iz, IRIRO/INS RIREMRBE O B EEETRE R = B
W T E (9, 13), 8 4 > F/N—F, 12 4 > F/N—
Fey, (AAEE—F =1, ¥FEFEE—-F
m=1) DIREMBII DTN B I o5, BIRKEN
—F T, FEHFRO A A AT — F (n=1) B IREA
BEDRE L BRI TWEEFEZOND,

XERiz kg, BARE - P OFEEILEIREN,
FEEREHED Oy b PR YT b
F—va v I BLTHREL, £, RESOBETR
WHANERTIBACRELRD T WESR
pene BmE CBERKRKN—FTY, BEI]1 A
D, KEEENPKEL T, Lizddo> T, KEWEET
BRI NIGECE L WIREIRE EE T3
(B 3~6). iz, BRKE N—F T, BEOHEEL
LT, WEHLAY v fdS s — 4 S EEUERE
ENB®, LRWICEELEOFRNE (BT - ) 58
BAEIC R Bxwn, S5/, MRGEEE
DF, L7zd3-> T, KKREFEDOKRE EGMES T
EORER[ R TIHE, KRPEMTOR Y v bH
BICADIADZ W EWS YETFEIR OO, ZOWE
FERPEHACERE X5 2820, 55,
PROBRBES DRI 2 15T, FEREHRE — N OIxENREE
DFEELCODEN>IbDEFEZLND,

iz, MELZELT L EAEORSRFEHEE LA
TRMERNH 2034, 6), TNiF, MEI EZ 272
Flo, YR 120 ThEE KEEBSEL, —7,
[Al#RaE & 1%, N— F RIS SR ERIZ EFEF
Des SF 0 EWEDRLLRART R « BRYT R I2@E)
CELAC > TIEL N ZEHFRENTFE 5 2 & T,
FEHIFRE — N DIRERBEOREC DB oTcbD &
Ezonb,

L7535 T, BIRKEN—F 2B 5 ERAEOIRE
BRBEZHNFI T 2 DU, EoatFRiEIc+HoAER L 72—
DOBEUERER K KW % FHEK ISR D L S BEAKDOK
EHLEERBRET I ENHFETHLEEZON
%,

5. hi=]

il

AR TIE, AESA > F U MWHE) & 12 1 >~
FCMW HE) OERKE NN—F 2L, KKDI
B, ZEREE - IREBRESEHE S RO 2130, HET S
IREIRBEICHE L T, N—FHNOENEEOEIE L 2D
AEEFEN 2ITo /2. TORER, UToZ 25885 0
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(1) 84 »F /N—FTF650m3/h, 12 4 > F
—FTiF 1200 m*/h IEDZERIE, #5 R FHE
Bt sE, Wbl 5m/s L EOMEE T, BHiE
EBRAMET, 1kHz DA — 5 — O SR EIRBIREE D F
£33,

(2) HIESNIESIIRE %= B HEBEEN U7 R,
l1kHz U Lo ¥ — 7 AEHOF TR L IEWIREIFR(8
4 ¥ FN—F2450Hz, 12 4 > F 35— 7 1680 Hz)
X, STE TR N AARE—F =1, ¥R AN
m=1 QOHEIRE £ BO T—HHPE L, RIEWIRH
BB A > F/N—F5060Hz, 121 > F,¥—F 3500
H2)id, HC m=10F¥EE—FTH, AHAE—F
B n=0 OWEFREDH 2 IBENE — FITIF L A &3
L7z, L7cd- T, BEEREZ, ¥EFHA - B AR
DEEFXWREHT—-NTHBEELOND,

(3) 3R E—Z7RAERESROANHEAND &,
FEAME-FOXRFEFED DD (m=2,3, ), FEH#
XAFR (n=1) & EHFR (2=0) OETTHEE — F OIRENIC
EITHIRT 5 2 LR E NS, FO—EL, IREY
BBEL 232N EL LY, (m=3, n=0) TEH
15%EE, ERAMOAPHEES FH2FERE% -
c. ZOBEBRIZOWTI, SRR E2ET 3.

EgEIE, AT — - BEEENRERERED
TR 18 FE R BT e EE R (RERE N — ) >
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