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Matching on Combustion
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(School of Aero-engine, Shenyang Aerospace University, Shenyang, China, Post Code;110136)

Abstract: The structure of flame tube head has an important influence on premixed combustion perform-
ance. In order to explore the interaction relationship between swirler and flame tube expansion angle, the
effects of 35° gradual expansion and 90° sudden expansion flame tube head matching swirl number (SN)
of 0.55 and 0. 75 respectively on combustion performance are experimentally studied. The test results
show that the total pressure loss of the flame tube with 35° expansion angle is reduced by about 3.4% to
4.4% compared with that with 90° expansion angle, and the total pressure recovery coefficient is higher
matching smaller SN; the 90° expansion angle flame tube has a lower lean oil flameout limit than the 35°
expansion angle, and both 90° and 35° flame tubes have a lower lean oil flameout limit when matching
larger SN; the outlet temperature field of sudden expansion flame tube has good adaptability to the swirl-
er, a more uniform temperature field can be obtained at each SN, and the outlet temperature distribution
factor (OTDF) is 0. 134 1 to 0. 141 6; the outlet temperature field of gradual expansion flame tube has
poor adaptability to the swirler, but the temperature field uniformity is better with smaller SN, and the

OTDF is 0.135 7; NO,, emission of sudden expansion flame tube is lower, and it is better to match small
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SN; CO and unburned hydrocarbon (UHC) emissions of gradual expansion flame tube are lower, and it

is better to match large SN.

Key words: flame tube expansion angle, swirl number (SN), lean oil flameout, outlet temperature

field, emission index
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Fig. 1 Structure diagram of combustor test system
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Fig.2 Combustor geometric model
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Fig. 3 Main components of combustor
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Tab. 1 Types of test piece combination

A k() Jigii %
A 90 0.55
B 90 0.75
C 35 0.55
D 35 0.75
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Fig.4 Combustion test rig
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Tab.?2 Total pressure loss test condition

& PO AME/K O/ MPa O By AL
A 288 0.303 0.12
B 288 0.303 0.15
C 288 0.303 0.18
D 288 0.303 0.21
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Fig. 5 Variation curves of total pressure recovery

coefficient with Mach number in different combinations
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Tab. 3 Lean oil flameout test condition

HE PEOEE/K #EE R/ MPa g
A 650 0.303 0.12
B 650 0.303 0.15
c 650 0.303 0.18
D 650 0.303 0.21
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Fig. 6 Variation curves of oil — gas ratio with Mach

number for lean oil flameout in different combinations
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Fig. 7 Thermocouple rake and installation mode
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Tab. 4 Temperature field test condition

650 0.303 14.67 0.465 0.204

x5 HOBEBHAWER
Tab.5 Outlet temperature field test results

Hiy SFEREEE/K HUiRE/K R BEI A R EL
A 1424.2 1528.0 0.134 1
B 1422.1 1531.4 0.141 6
C 1415.1 1531.4 0.152 0
D 1422.4 1527.2 0.1357
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Fig. 8 Gas sampling rake and arrangement mode
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Tab. 6 Emission index of pollutant test results( g/kg)

Hikey co UHC NO,,
A 26.23 12.55 0. 609
B 21.73 10.93 0.783
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Tab.7 Combustion efficiency

HE RO/ %
A 0.978 2
B 0.9815
C 0.983 3
D 0.986 6
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