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The Effects of Injector and Swirler on the Flame Stability
in a Model Combustor

e E, ol FT(FE e dgte), I A(FFAR7)<9)

ABSTRACT

The optimization of frontal device including fuel nozzle and swirler is required to
secure the mixing of fuel and air, and the combustion stability in the gas turbine
combustor design for the reduction of pollutant emissions and the increase of
combustion efficiency. The effects of injection nozzle and swirler on the flow field, spray
characteristics and consequently the combustion stability, were experimentally
investigated by measuring the velocity field, droplet sizes of fuel spray, lean combustion
limit and the temperature field in the main combustion region.

The effect of fuel injection nozzle was tested by adopting three different nozzles; a
dual orifice fuel nozzle, a hollow cone nozzle and a solid cone nozzle. These tests were
combined with the three different swirler geometries; a dual-stage swirler with 40° /-4
5° vanes and two single-stage swirlers with 40° vane angle having 12 and 16vanes,
respectively. Flow fields and spray characteristics were measured with APV(Adaptive
Phase Doppler Velocimetry) under atmospheric condition using kerosine fuel.
Temperatures were measured by Pt-Pt13%Rh, R-type thermocouple which was 0.2mm
thick. It was found that the dual swirler resulted in the biggest recirculation zone with
the highest reverse flow velocity at the central region, which lead the most stable
combustion. The various combustion characteristics were observed as a function of the
combination between the injector and swirler, that gave a tip for the better design of
gas turbine combustor.

TRdaE 439 d8d AFE gy E 9579 FHULE ARdHE 8T 7
TEA[] EFdad dE I AAFTE FHOE AgEHy gou, Fudy I
ZYAEN A2 Z1EAET Y AT AYHABA oo tiF BAdo] Fekxn ATH23L H
o FE7d7 R AGE JtaEHANY] LA ALY FHeE B 9, He WY
1k, AA, vlsted A H P FETUIAAY AFAFHAE KA, 2d AsHD
A= W717kE Al dE8t] HAAE A 7HA A RF F A4V AEHA AA
7b w$- F8¥ A7 W o2 ¥ o2 2Byl dAV|AMY BF/EY 544 ¥
A7 @83, 53] FALGGANNY &7 H7IE THT frontal device®] HH3}



7} at€ch

742EH e RRArAA EFHHA BT d2E Y8 =EAAY et EE, A
3715 FHste AePdde PYHS T 3del AN, dx4F %L wiy] 5439 #
Ao g AF7t FE3) AP A FrH4-T)

SR Ags Qavld digk 277 AR we BFALe 71+E @33 NOx 59
W71 7k2 AR SootBAAAE YT AAxA 2 sdo] Mgy ol wirIES A
Aol ZujA Q) QA &9 ZHHo] FoF HYFAZ T3t AcHTL

B dpde 728 @A E ZAR Zddar|ddAr bdgd 437 d8xE9
2% 2 39y 234 wE d4d3AY A 4 25F S L T AAEAH S Hots
3 s T3 M3 wE £EF @ R4 AV|E SHAFOEZN A FFol
A F7le EF AT YT AXABAC vAE dFE AAA nFd Rz
#H o8 S8t qF1E st2gE div]d AMSHE 0% LY daxEF 747}
solid cone®} hollow cone B9 AREFE A= F FTFHY ¢ 4HAE &2
BE PAY 9 o]FH379} A3 40 & 2 vaneo] 2 12, 1670 F FHY 4@
AE7E AHEEtY B EEFS SAAT 4Ze MU wE AR de FHEx
M2 O AR5l EFAF Arjd vAE 45FEE& BAINAY. olE T 3§
A A B de) dExEH A7 AMELS Hotetn 22t A5 xEH
A3718 233t JAHE frontal deviced HH3E =EFAA B

2. 4873 R x4
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Adzdd g F7& FFEEH7] AstA Fig. 19 A4REAANE A, AF&dH. A
o FFo] 43m/min.Q! blowerdl 93 FEFE IV FAARFEY Hag FFH(flow
straightener) & A3 H 2EH] 2§ o|&3d FAHAE FHOLZHH blowerg Alojds Wy
02 FVIHFE xAsYon, duE AXJNGHA gy FIEEHH HoHFo] 2
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W 61" o EAZE 05mme) 2@9s A solid cone RFFHHE e dBLB (S
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)T A II(AF e A 12789 AFYE b1 9low, AR} 40° , o) -45° o A
3g 7HA 3 Utk F AlY A M= M 400 o 42 1270(K 3 7]b)} 1670(A 3]
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AsHEd L EFEAHLS APV(Adaptive Phase/Doppler Velocimetry, TSDZ 2333
t}. APVA €2 945 E 2544 (PDA, Phase-Doppler Anemometry)9] dF 02, {14}
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o] A (Innova 70, Coherent)E& A}-83td, %A3(514.5nm)7 A 4 3(488nm)e] FHdA &x
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Fig. 59 &7183¢°] Q8w E5 & w(no swirl9 7|EEF F71FF°] ALd b,
cA3]7]d g3 SMDE Jeldlo] M3 {540l qHAr vAE FFS AHunz &Y
o},

5271 x=-bmmAHE AYstd, P& d9lA 60-120xme] EEE Holn 3
ok, x=5mmA| AN A FE7F v FAVRIEE AUEs ROZ Bl frontal deviceol A
e AgHEo BF RV d¥arjdges & 4TS uAx £33 JdL2L & F ey
x=20mm*| A A37|b, c7b WAL 5mm7A 7|EERFEG AE 7|85 Holed,
ol o] AXNA Y A-HFHe 27|} AT} WEtA o] Ae, AcBIFAA A
g3 /9 Hgoz vYsrt & dojus AR BAY x=50mmAFANNE 9 F
FEH AA[FHEY T2 EFYF9 AFAY 7} 7|EEF vl& EAI) FoJEH
I, dFANE Al Af EF diEY J9dM T4 Qa7 B¥E spRd
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2zte) dExEd M7l 2@l Be d2AYYE obrs] AP AP A
Fig. 69 (2% :=2As 27te] 23719 2% U@ HaeAs Yed 2gdez A
#7lash b o} 00dkg/sol el F71FFRF dhste] FAW| 500149 W FAS e
AARAS YR 9o, HA87lcol datels We F1EFABO dated HPol #
A% FAFFRE S0l wel AUAARAS TN Q014 AA BFHE 248
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b, c®) 2ol Hldl sdo] 2n AAHOE B& LE HES AWE ¢ 47 Yoo o=
Fig. 494 H371a7k b, col M8 A&@dGe) Fo] A% AN P £8 Hrlas) =
#e b, col Wl xEFTGNA $94F¥o2 S0mm, #2%F Hmm Dol Ado] T 34
Mol TARL Age T 47 Ut ol xB2HE RAW das) WAwgoz We A
$399¢ 54 TASD SRR 459 40 £2471 2A JPu: A
v AAEANN Aol sk Ho] FrIske) BF ERE dos: Aoz HHYH
Fig. 49 (@4317la7t 2= 48045F22 2 o8 ¥4 4 Ut Fig. 79 0% ©
AHE =BAG M7, co) 2FE BAFT UtU N AAY FFLERE BAFD
Atk Sgol Ax AMYoz LEJ de ALPAE HAFD glod Fdwe w29
B¢ 2x9) Bl deldg & 47} Itk ol & Fig. 49 AAZb7 2= HASER
(477t e HARFFY AcBISo] MAYFOE FA Ui FoHez &
PFoe A vehtE A% AW £ Ay AVSYo] EAs: Wol w2 BV
2A0 EAYE HAFT A Fig. 79 (HxFA% H87be o] 2 FFLEZ
A 3% 60-100mme =39 FAF AZE HAW] YHWS AW & Y o=
SMD7b e Aol o] AN EAR 1% % EFY YHH Y4H: HJew
Fig. 59 (dx=10mmel X 487)o] Be SMDEES 548 %A% & Utk o9 Be 2
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#E F¥& B o FAE M3rlage] 2o MY AFE AxAALE #RFH
2 HriEe AAHes FUYT & 2EAE YA AR Hol A
Aoz Arm o] R

Fig. 69 (b= xEBs ZZre) M37]e] 2§ dis FJur/taddAE detd agdes
A 7]adl distdE Be F7IFFRFA AF FAY 40AEY ¥ud FL& FuriddA
g Holy F7FFHFol IUESE IustddAst WAl $4E Helxn U 19
22 HE & TUFEFAFNAN AFE A2AAAYE FR¥gAoR g I} A
3] 7]be F71FEFF 0.02keg/s-0.03kg/s® 3] F& HHANA Hd 340 0FE] F&
EItARAE JHNH T3] B AAEAE 1Y Aoz AlaHoAY, b4y x&B
&} HE7be 232 Hlg FAHAT AR AZAEH & F Atk AYrjce ¥z e F
71 FFFFAN 43 QolAe AgddAE Zed, F71FFRF 0.04kg/sol A Fam|
809 wi$ YW Hu/IARAE JIx ZRAHo2 FHuATA F43] HolAE AL
Helth %% Fig. 89 2B U3 A7 &=4g 29 M37)d F#8lol hollow coned)
EFYEE 2 2549 93d sddo] EAd A3 458 o EAYS & F7t
Ath Fig. 89 (a)x&B%} H37lad) 28L& £& F7IFIFHFA dstd 538 Aoz A
c@FYo] RN FoR BE M rlag) tREe BEA dFHo] 4FE @ EAIHE =8
o] §4o] # x3islo] MtAWNFoR A3 A o] YHP L ¥ 7 Jow 39w
T3 HA AL B 5 ok ddd) Fig. 89 (b)xZB9 437be 2% (0)x=ZB%}
A871ce 2HE AL AcHIAE 2= M7y HIRE EAY 93t 2L 3ol
FAEY x5 A 2T WD g3to sPde] & A EAYLE B 5 U
£3] Fig. 89 (b)=EBs} A37]be) =L FPvio] BEA4FHQ Aoz B o ALAAHA
o] v ¥ Aoz veigrt. ()xEBY HF7|ce 2L F& FNFFHF d& &
dol FA FAHAN W A AE 2= A2 AFE ALGAN S FHER ¢
= AeE gyridY. @A xEBY g 3|9 HAHo 2L FINFFAF =t A
37latt c7b AFd Aoz Elgon HFLrFoniy ALFEL At HF Y
& Aoz Jeyr.

Fig. 69 (0 x&C% 479 A3rle zgd A u/tddAE Jveld 1ge=
A3 7ad] 2% W UMARAE Yehde B3] F21FFR/F 0.05kg/sol M UA
# Iu7tAGAE Holed ol xEBY e 54 fAES & F Ud =F M3
% ce 4AE WA TAE HelE A 58S Ad Aoz B Fig. 99 =2
Col 3 FF2EZS 2 (@xECS A3)7jagts =§o] M3 7b, ce 7ol nl&)
wARgo s Z 3de AN ol A rlad o7 AP do] wtyuwgon Ye B
ol % Aoz Hojy HYLE JA AAHo 2 A Jelgd. 53 sgde & F
9 2A9 FAAAN ZaA Yehds @48 2dEd ole :FAY B HlE Ly 3
73(0.5mm)e] FoH oz vig Folr EALE AFHe SMD7F 7] WEQ Aoz Az HY
£ AL A g8 xFA HEe HolA olFA e EAQ A9 FE) A 53
7t obd 73t A3 5ol ot Ejo) 93 Aoz A5 Ho] At} Fig. 99 (b):=2Ce A
371b9 Z28H (OxECY H37|ce) 289 A$ slgdol Hwgoz o 50mme =&
FAFA AAEA Hed ol AeHIA] Fn A3/Fo) AR R3] AEQ Re
2 AZdd. BN xE8CY B9 w=F] EFEA 0] Arid s JHoz A
RE A7l ddte A4AAPAEE 2 Hoz Hrigd,
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Aol A3E FFa B FA BF$ AZviadt b el FAM) 6001449 WL
HutA S AE A F7)FFFF 0.04kg/sol oA F& A2AFAYE YEhL =ZB
) 4SS FIIFFAHFol 0.05kg/soldtA e A37|coe) 2ol FdH 80AEY WL 3
A AE Y AFE FYS e Aoz ey BY FUITFRF 0.06ke/s
o]l M3l7laste] Z¥e) FAY] 0FEY FLH FHutAFAE A2z HAY
AAARAHL FEEE Aoz Uyt =2CY A$ Hyrlagty o] FINFIFHRF
0.05kg/sol gl A FaH] 400149 #dF et ARAE /HAY F2 A2AAPE Fr
st Aoz et

ol¢} o) Ztzte] AR xET A3 r|9 ¥ wWElA AixAAHAol tdEA YEE S &
7 AU Z7] GE AAaAAAY L JdAEAN S RolBE AMgRAd WE JAHF xE3
A3z)7)9) 2¢e] add ¢+ AU

3-3. Tduld BE ALx¢HA

T W dAEAHE HAsr] A3 Fig. 1094 EE vls} o] =FA9 M7
be] 3ol da AN F7FFHFN hal FAY 37 € 309 I FEL=HE 5
#qon Fig. 109 (@€ ¥94 37, (e 309 d@ HZF2=3E dehiln gl (a)l
Bt (b FHEYE & 150mmolF) M AAHYA 27t F73tE B¢ Ueld
or xEEYD A EA43GY P FHEOLE O)FIHYL =EFTDANN FPFgo
70mmg]l A9 FTHF fPo=2 FAH SdUH A S Eoh o|HF A3
T Fig. 49 O2FEH ABE + ded d5F F712 vPsrl AA=AN sguiol
AEo2 o]FsA HE A= Agdr

4. 48

2 @7dAME A7) Al FF7Y d8xS3 HI7E o839 o1E BH4E 3119 frontal
deviceg TARE W M2 dE HAAFELE UE HIAREY ¢ AREFY9 H3%
€& Yotra, ol FA ALAAAY 4Y R HILEY 54 YL T dAaE54 2
ALMBEE Aot Aaxes 87 Zzte] 549 JEAEE dol £ F AU

ol #3 APVE o838 &5 R HH37]§ FAHN LMY NP L QAUE o
€% AF2EY A 498 AW B d7E FH 92 FAAE 2989 ey 2,

D $Y2ANN HAFEFE 53¢ d%, 4 AN7) 1Y FNY) Y A
anst 44 Hem, G4y £ £ by F& ¢ 5 AN

2) AR EFA dHAVE Y A, J1EEFA W& AR UL A AcIY
AT FHEFHAN qH2r|Y Z2E BYoH, HIfiFo d59 F79 EFe
FTANAE ¢ F AN vaneF o] WaE EFEAYA & 9F S T gy

3) A9 xed A7) 2o ©E ANAIAE AT A, o)FEYs dE:

E& o]F 37l ¥ 12vaned] Y379 AFEPL o FAH 60014 WL ¥k}
AFAE 7HAY F7NFTEFTF 0.04dkg/sol NN FL& A4AAAE Yel I hollow cone
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E daxE2 FNFFHF 0.05%kg/solstdl A= 16vane
o 94 80A%ES W uetddAE JHA9 A" sid

2 JeElt) solid cone®) EFPHE 2t ABREL o379} AFAE o F
263 005kg/solFolA BAY] 40040 FUF FUAARAS SAAn FL& A2t
2 gusE A= YEyt Fold FTINTEFHT dF TN W e &Y
o FzE Bodtm ANRERY 4548 2L BRYHY AL #F38 2 £ Aen
=Zoh} Mrle) AF BARGE o)F AREHAL W et Q2SR ) g
2AE 4 YA

) 2zt w23 Mavle 2 WE AT LEAS 2RV FW, J2APY 4PEH
S 4RBAE FAY 5 Ao HAY 27 L #GA) 9A R F2SE detHn 4
553 L 2R 279 ABAA 2TAL J1TFE A9 & Aok

Yo AdHAEL o] AFd o]o] A4 E ICCD(ntensified Charge Coupled Device) 7}l 2l&
o] &3 7HA 8 H4PE F5d EFAa9 AANFH F2E AHEZ0EZN AadAY ¥4 E
ALEARE Hdstsd &89 Aol
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Fig. 1 Model combustor with an air/fuel supply system

Table. 1 Geometries of fuel nozzles

a2

QAN A A (MM ARSFUmin)| BAZ  2EH

wEA 08 03 70° - solid
*=&B 0.79 | 0.32 70° | hollow |
®&C 05 0.49 61° | solid
Table. 2 Specifications of swirlers
T | EEE ] RELE
MA38)7)a 40° /-45° 12/12
A3]7]b 40° | 12 |
A 3)7]c : ' 40° : 16 1
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Fig. 3 Temperature measurement setup
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Fig. 4 Axial-radial velocity vector without fuel injection (air=0.04kg/s)
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Fig. 5 SMD distribution of nozzle A
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Fig. 6 The flame stability of nozzle and swirler
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Fig. 8 Temperature distribution with
nozzle B at AFR=37
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Fig. 9 Temperature distribution with
nozzle C at AFR=37
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