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Abstract: Different methane/air premixing schemes are designed and the premixing uniformity of the low
swirl burner is studied to provide a reference for the overall design of the burner. Comparisons are performed with
experimental measurements for the aim to validating the numerical method. Then a numerical simulation of pre-
mixed gas at equivalent ratio of 0.7 was conducted to investigate the influence mechanism of the characteristics of
fuel orifice and low swirl flow field on premixing process. Results show that jet aperture affects the initial distribu-
tion of fuel which largely determines the final mixing efficiency that can be achieved in a limited space. For the
given structure, an optimal equivalent aperture 5=0.01 and a corresponding average momentum flux ratio J=
75.59 can be found to optimize the mixing efficiency, where the spacial mixing deficiency at the burner outlet
reaches 6.57%. The low swirl flow field is under the interaction of central direct—current flux and outer swirling
flux, wherein the swirling effect plays a leading role during the fuel diffusion process. Under the prerequisite of
flowing in a low swirl state, the premixing uniformity can be improved through enhanced swirling intensity by in-
creasing the blockage ratio of the perforated plate or the geometric angle of the swirling vane.
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Fig.1 Premixing scheme for LSI
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Fig.2 Geometric model of LSI burner
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Table 1 Geometry parameters

Parameter Value
D/mm 63.4
D /mm 40
D /mm 100
L/mm 123
Z/mm 370

Table 2 Structural schemes
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Table 3 Simulation conditions

U/(m/s) Equivalence ratio "' Fuel type T,/K  p,/kPa

7.04 0.7 CH, 300 101.325

Fig.3 Meshing schematic diagram
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Fig.4 Mesh independence study performed with 4 grid

magnitudes
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Fig.5 Non-reaction experimental setup
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Fig. 6 Mass fraction at different radial positions

on the LSI outlet section

3 GRS

AR SR 2 (R A R ¥4 2T (Spacial Mixing

Deficiency,SMD)i?#H%*"'E%?%E"J%?ﬁ'ﬁ&ﬁ%o
SMD = (o /c)
T 2 (4)
5= [y len- )

Ao, GErt A g B — T L Y AR A B
¢ oA T 3 T 50 B0, o O TR AT B R A o 25

SMD /N, T RS 2 RO G5 . X
TR WA be , N5 B — AR 5% 22
A AT A R A KR TR EE B 3R S NO,
.
3.1 BEETFLEXSR I

K7 5os 1S [RVARMBE S FLAR 7 28 °F . SMD 1y il
i) A2 Ak, FC v 2 Ay AT 30 08 ek WS S A T %) e R
RV &K B s D W 1 B AR . 2/D=0.16 4 B4 i
Uf BTET L 2/D=5.83 W Y 11V B, 2/D=3.88~4.65 H
JOE It # PT AV E

WEIR A BRI HEAT , SMD B i F [, RIIR &1
SIMEB WS . TE /D=1 Z B T FEAR PR, 13X 02 Ak
AL 5% B S O B A S R R TR R

140
—a— d=0.5mm
120 |- § o—d=1.0mm
i —4—d=1.5mm
100 - 4 v d=2.0mm
o d=2.5mm
& —<— d=3.0mm

SMD

60

40 Ao, MO
4 :\\fi;‘o% 'z/D=5.83
20 “eag B8go—or. mggén;é
B —=<00qy,
0 I| 1 DW?I
4 5 6

Fig.7 SMD value along the axial direction

ER TSR EBIR, MG, T 55 8
DA B v B 6 B U /N, R BHAE 2 S0 I T 0 R
Wk 2% L i ELAS 6] 5 R AN B4 5 il 4R AR E T AR 2
A (/D<3.88) LBl B orfb . &l a8 2 )5 , IR
S iE— LB, H BB O, YW LAY Imm
B, SMD TR B W3, AIER 9 121.47% TP REZE 1 H
[ 6.57% , 11 FL 42 3mm B TUTR 250 % 45 25, W 1% 11 K
f (4 SMD AEATS 8K 53K 39.06% o

DI bR ET B R L R R R O, Hoaxad
Z BRI S FLAR RS2 . SEBR b, 4
FLAR R /N DR S S T B L S B e R 2R O TR B R RHAE
23R R T ST B — WA 4 A, DT R S 2 1Y
BAR . B8 TR T e 78 WM A T AR AR mE
B A UG A, AT L& 4 R FLAR O R R R R B
U AT A 25 38K, T LA WS S FL AR Hh R AR /N i R v
Mg HE T AR S X A A Y A G

Mass fraction
of CH, 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

a— & -
N \ 4
( ( & |
-
@ \Ar — .

d=2mm d=1mm

(a) Outlet section

(b) Injection section
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Table 4 Momentum flux ratio of fuel jet

d/mm d
1 2 3 4 5 Average
3 0.013 0.047 0.301 2.120 4.806 1.46
2 0.332 2.368 4.928 9.101 12.44 5.83
1 49.79 64.93 77.92 89.73 95.62 75.59
0.5 1312 1141 1356 1207 1409 1285
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Table 5 Flow rate of fuel orifice (mg/s)
Mass flow rate
d/mm

1 2 3 4 5 Total

3 3.3 4.5 10.6 26.2 37.9 77.8

2 4.2 11.5 16.5 22.1 25.7 78.9

1 13.0 14.7 16.1 17.3 17.8 80.0
0.5 15.1 13.9 154 14.5 14.9 78.5
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Fig. 11 Structure of low swirl flow field
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