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Effect of Swirl Flow on Flame Structure and Stability in Turbulent Combustion

Hiromu SUZUKI ", Kazuhiro YAMAMOTO ™
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In general, a turbulent flame is observed in most practical combustors. As for the premixed combustion, by controlling the
equivalence ratio of fuel and air, it is possible to suppress the emission of harmful substances such as NOx. However, the
turbulent combustion process is very complex. Since there is unsteady flame and flow field interaction, it is very difficult to
understand the combustion phenomena. To handle such a complex situation, the numerical cost may be too large. Then, by
experiments, it is important to investigate turbulent combustion phenomena by laser diagnostics. In this study, we conducted
a PIV/OH-PLIF simultaneous measurement of turbulent premixed flames. To focus on the effect of swirl flow on flame
structure and stability, we used a cyclone-jet combustor. The extinction limit as well as CO and NOx emissions was
experimentally obtained. By changing the flow condition of cyclone nozzles, we discussed the flow field with turbulence and

local flame extinction.
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Table 1 Flow conditions

Equivalence ratio | Velocity of cyclone jet Velocity of main jet Swirl number
o Uy (m/s) Un (nVs) (-)
10 30.0 0.016
15 29.3 0.037
0.75
20 28.6 0.070
25 279 0.115
10 30.0 0.016
15 29.3 0.037
0.90
20 28.6 0.070
25 279 0.115
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Fig.4 Photographs of flames in a cyclone-jet combustor;
(@ U,=10mvs, $=0.75, (b)U,=25m/s, $=0.75, (¢)U,=10m/s, $=0.90, (d)U,=10m/s, ¢=0.90
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Fig.5 OH image and flow field with velocity vectors;
(@) ¢=0.75,U,=10m/s, (b)p=0.75,U,=25m/s, (c) $=0.90,U,=10m/s, (d)$=0.90,U,=25m/s
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Fig.6  Extinction limit of the cyclone-jet combustor

10 —————— S m 0.3 14 l ——(CO T 0.5
| —e—co (@) sl —8—EINOx ®)
9F | 48— EINOx 1 — 4 0.48
= I
- | > 102 € =12f <«— 1
g 8 o 8 — 1 0.46
g & 4
S oy &1 ;
S 7r x O f 4 0.44
SR 4 0.1 %Cﬁm- ]
6 5 4L 1042
5 | L | L | L | L | L 0 8 I L | L | L | L | L 04
5 10 15 20 25 30 5 10 15 20 25 30
U, [m/s] U, [m/s]

Fig.7 Variations of CO concentration and EINOx with U,; (a) ¢ = 0.75, (b) ¢ = 0.90

EINOx [g/kg fuel]



3-4 EANDrms &

T O ELILD rms il GEEABOEMERA, o) 2K, FERNEAKROGE & SO BHRIZ OV TRt
L7z, ¢ =075& ¢ =090 D z=10mm 28T 5 v ONHM4SA %K 8 \ZZFNZF rd. v 1L PIV/OH-PLIF
[RIEEHHI D 1200 A D4 %2 Bifs L CRO-. $=0.75 DA, w 1Zr=10mm {0 CTRAEE & 5. FERRTA R
DOFCERRKEWIE E AN R E 2D, BB 7e > TN 2 E o d . AR CIEEmii & HERR bt
BOEIGNER D120, MBEGOTRNNEb 72720 Th o EEbns. EERFHAROEENRKEVIEE, 0
DIKAEZ & DALE HAMINCREEN L vz, ZHUTBE 6 <, EREAROFEEN K E  72b L kRO (k&
DRI) PREL o LITHIELTWDH D LB (M4). YEIC L BN L85, ¢ =0.90
Lo =075 TR A& & D03, W ORKIEITYELDZENE D BOTNNIRE L 8D T ERbnotz

7272 LBUR T, EBEOAKZEEHE 0w & OBURIZIA SN/ > TRV, A1, TERFRKROFEE L 27~ &
EDOFLRA T —NRKREZ 72 ELSHBFT L TS ER S D & B b,

e ocoe
c
Il
>
5

15 20

Fig.8 Radial distributions of rms axial velocity at z= 10 mm; (a) ¢=0.75, (b) ¢=0.90
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Fig.9 Frequency of OH concentration at z= 10 mm; (a) ¢=0.75,(b) ¢=10.90
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