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Abstract: Micro-mixing combustion is a kind of potential technology to reduce pollutant emissions, and the
microtube structure as a basic unit has significant influence on combustion characteristics. Taking the single
microtube model burner as the object, the computational fluid dynamics (CFD) method is employed to analyze
methane micro-mixing combustion characteristics with different microtube diameters, rear-section lengths, and
chamber-to-tube area ratios, under the air-preheated and pressurized condition and the atmospheric condition. The
numerical simulation results show that, the flame length increases obviously under the atmospheric condition, and
the increase rate is greatly affected by the microtube diameter and the area ratio. With the increase of microtube
diameter, the flow and temperature fields in the flame chamber are similar, and the dimensionless flame length does
not change significantly. However, when the microtube diameter is smaller, the change of flame length is smaller
between two working conditions, and the flexibility is better. With the increase of microtube rear-section length, the
turbulence intensity at the microtube outlet reduces greatly, and the flame length increases obviously, but the change
trend of flame length is consistent under two working conditions. With the increase of chamber-to-tube area ratio,
the flame length decreases at first and then increases. When the area ratio is 4.0~9.0, the flame length is relatively
short, and the combustion performance is relatively good. The results have reference value for the gas turbine
combustor, and also have certain reference significance for free jet flame.
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Fig.1 Structural diagram of the unit microtube model burner
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Tab.1 Simulated working conditions

T RAL pi/MPa  TJ/K Vi/(ms?) @ Tad/ K
01 CHa 0.160 8 473 40 0.7 1963
02 CHa 0.1013 298 40 0.8 1995
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Fig.2 Schematic diagram of grid division of the unit
microtube model burner
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Fig.3 Radial axial velocity distribution at 1d distance away
from the microtube outlet
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Tab.2 Combustion characteristic parmaters of the model
burner with different microtube diameters

T 01 T 02
d/mm
| Vol(ms?) TJ/K Id/d | Vol(ms?) To/K Ig/d
8 01116 1036 1940 12.10.1057 1652 1976 165
10 01079 1037 1940 11.8/0.1018 16,53 1975 16.8
12 01061 1037 1940 11.2|0.1008 16,53 1974 16.8
14 01046 1038 1940 10.8{0.0995 1651 1972 16.6
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b) T4 02, d=8 mm

d) T4t 02, d=10 mm
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Fig.4 Temperature distribution on the meridional surface of flame chamber with different microtube diameters
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Fig.5 Temperature distribution on the central axis with different microtube diameters
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Fig.6 Axial velocity distribution on the meridional surface of flame chamber with different microtube diameters
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Fig.7 The [CH20]*[OH] distribution on the meridional surface of flame chamber with different microtube diameters

B2, HAEE/NMUGERE DR E s, X
R TIRRH A S B IR AR R B k. R, P
BTN, a0t KGR, iR TOUHR T
T TR KA BE MR TE /)N, FLAG 0 (13 B
PEo BRI, i EAR T /AN AT AR R S E AL
IR A K, (R et B R (a4 2, i3t
— BRI NOL HERL.

2.2 B R LK E X R AF M R 2 M

F LR B SBRA R  23 A) Z PRAG L, 1248 d=12 mm,
s=4.4 PR IUIUE LR RR A, BF AL T 10 e B
| 7y 2d. 3d. 4d. 5d B ¥ H e R R GE AR . Ak
W s=4.4, )& 5T — A SERR R AR e = 1) K HE
fa] 5 WM AR EL

F 3T LI 01 A1 LA 02 N AN EIME I B
KRR PRGBS (1) — LLIR PR IE S 4. ETE BT
FHFE PSSR, o0 01 i H TR 2L Rey £
21873, KJATE H DR #5410 Reo 2414 4355; T 02
WU TR VE R Rep Z1°9 29 754, G H TR
B Reo 21 4234, HE 3ATLAER]: 1F 2 M L4
PEF, BEEMEEBACE | A 2d 0% 5d,
H IR R B KR BRAIG, FRRA 45% 75 455 Tt 02
OB H IR R B L 5 T 01 MR — 1k,
I HFERREE | fBEImEim, FEIEM 1=2d B
1.5%3 N3 1=5d I 5%. 78T 02 %4 F, B
FH RIS, KA H DR RH K, bR
FH 98.8% 4K F 98.4%. X EE K NEEZE | HIBE N,
TSR PG, BRI R R T BUR e R P,
SEAMRF TR R, KGR, BT KA
fAI K P [ e (AR E AN e 4, S EUKIAR R
FE R A B A o AR LA 01 2646 F, 3900 | %k pafE

H PR MR, WRBERCR IR FFAE 98.5% /2 41,
REFERKNTH 01 JIEKEEE, KIEFEKE
ARG TR R BE A FEM o

% 3 FRINE fF B E FHEE BRI R IHIRIHE S H
Tab.3 Combustion characteristic parameters of model
burner with different microtube rear-section lengths

T 01 T 02
I Vi(msY) TJK Iid I Vad(msY TAK Idd

2d 0.1916 37.51 1940 7.1 0.1888 59.76 1974 119
3d 0.1472 37.51 1940 8.6 || 0.1428 59.69 1972 143
4d 0.1211 37.51 1940 99 | 0.1164 59.63 1970 16.4
5d 0.106 2 37.50 1939 10.9 0.1009 59.55 1968 18.2
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Fig.8 Temperature distribution on the central axis with different microtube rear-section lengths
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Fig.9 The [CH20]*[OH] distribution on the meridional surface of flame chamber with different
microtube rear-section lengths
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Fig.11 Radial axial velocity distribution at 5d distance away
from the microtube outlet
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