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Effect of Secondary Flow on a Premixed Flame in the U-bend Nozzle
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Abstract

The effect of secondary flow on both methane/air and propane/air premixed flame was investigated
experimentally. By changing the radius of curvature, various flame behavior was observed. In the
U-bend nozzles, flame surface is deformed from axisymmetry. As the exit velocity increased, flame
lifted off partially. When the radius of curvature of the U-bend increased, the region where premixed
flame is entirely on the rim increased. Since the axial velocity field is changed due to the secondary
flow effect, comparison of U-bend and straight tube with the same diameter shows larger U-bend
nozzle exit velocity for both flash back and flame blow out. The flame characteristics are mapped with
a equivalence ratio, a velocity, and a nozzle radius of curvature. To identify physical reasoning on the
flame surface deformation, numerical calculations are conducted. OH radical distributions in flames are
visualized by PLIF technique.

1. M2

L.

HI7A] F2 U-JFHE 4T F5d AAHHE olA{Tod #¢ A7 FA dgHog
P {1-3] U-ZF Y /5L '5°“ o YA JFE WA Hi Yo o o
AL U-F& HAolA 9 g Fule 28 & ojFcd 27 22 ¥y ZAHgME 4 7l
o} £x7} Y S o7 A EI FAE U-T3 THELR o|FdA H1n A5 o8 wa
Aol PE FA FH FEL U-FH ugZoz ol du. olAY HTF /%59 ¥
ol o] HE HW AMHE F M 4F (vortice) & olAFFolEgtn 3 [4] ol&
Dean number 9 F&4] (curvature ratio) ©] 43S W& Ao ¥ Ut (6]

o]z} F¥9 EIE o) A 2% (piping systems), EiF7}, @B W FF (coils in heat
exchangers and in blood flow) 3 #o] d&x oz t}jadt Fopo &= oy [5), F2
FAGRHA B I gfow ol AFTFY IFE e FEF 54 dx X
of e FF T ATFE AFAA diH ez doFHo} st

_91_..



By 2 dFNE ol AfEl e U-SBAN £E9E A8/F7) AETA=Y U@ &
99 54 nRaATh

2 U-F% 229 =F £33 oFAANE FA4H Aok (Fig. 1.
Age] A48 U-ZTHL 9802 FL& HES 180 7} 952 2HJdx #& ddgdsto 223
Joo, TE wAFe Wl wE 3 AvY WIS Lo} Byl A FE BF (0 °] 175,
1075, 1625, 21.75 cm ¢ vl 788 U-F o] AP ALEHJT =& YR 1
o] 1235 mm °l®, 79 YXE IF Fio] FUe AFEY 4 £ RoZ o

[s]
mm ¢ H# =22

49 A= du/d7 £

U-38 =5 399 EA T vlus”
ALgstich F#33 FUE L Aoy Agz <l
77 ofzbel Atolzb itk @H, A @e] ZHoly A4Y A ddedA ¢ LEd K5 47 Yst
o 132 cm & 3t
AT EE CP 539 vgs Zzgo] AFAEE F7)7F 2900, ol29 F3E A fa
=3 3

do
o
M R
=
o I
-
w
o
o
o

AL F3) AodEHr U-JT dF FAd v=g A EFRE X5 d59 Agxr) &
Mol 2 3t B dFdME A d75/F7] A olE A& FFS WIAH
g4 B 54 nESc
Mixing
MF.C. Loop
Fuel ﬂ inner | outer
— T}
U-bend
Air i
M | I——

—

1-D Cathetometer

Figure 1 Experimental Setup.
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Figure 2 Flame characteristics of straight tube; (a) methane, (b) propane.
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Figure 3 Flame characteristics of methane; (a) flash back, (b) blow out.
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Figure 4 Flame characteristics of propane; (a) flash back, (b) blow out.
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Figure 5 Flame characteristics for fully nozzle attached flames; (a) methane, (b) propane.
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Figure 6 Direct photos of U-bend propane flame with different radius of curvature;

¢6=0.9, U, = 1.3 m/s (@),) o = 1075 cm (©),(d) o = 21.75 cm.
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Figure 7 Direct photos of U-bend propane flame with different radius of curvature;
¢=0.9, U, = 18 m/s (a),(b) p = 1075 cm (c)(d} o = 21.75 cm.
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Figure 8 PLIF vertical cross—sectional image of methane;
¢=10.9 and (a) U, = 09 m/s (b) 1.0 m/s (c) 1.3 m/s.

(a) (b) ()

Figure 9 PLIF vertical cross-sectional image of methane;

¢=1.1 and (a) U, = 1.4 m/s (b) 1.9 m/s (c) 2.1 m/s,

(a) (b {c) (d)

Figure 10 PLIF horizontal cross-sectional image of methane;

$=0.9, U, = 09 m/s from the nozzle (a) Omm (b) 5mm (c) 10mm (d) 15mm.
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Figure.12 Velocity profile and planar velocity vector at the nozzle exit.
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