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Effect of fuel air equivalence ratio on the flameless
combustion of liquid hydrocarbon

CUI Yunjing. YE Taohong. LIN Qizhao
(Department of Thermal Science and Energy Engineering, University of Science and Technology of China, Hefei 230027, China )

Abstract: A laboratory scale model combustor was designed based on flameless combustion of liquid spray
in a microturbine atmosphere. The effects of fuel (0 # diesel)/air equivalence ratio ® on the flow field,
combustion regime, range of flameless mode. temperature and pollution emissions of the model combustor
were studied mainly through experiments and supplementally numerical computation. The results indicate
that there is an obvious ring vortex in the flow field, which provides a basis of fluid dynamics for the

recirculation of high-temperature exhaust gases. The mixture of species around the fuel nozzle is significant
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to the conversion of the combustion regime. The operation range of the flameless mode in the model
combustor is 0. 25 <X &< 0. 50, and in which the combustion temperature is homogeneous. The average
chamber temperature T,,, and pollutant emissions are impacted by @ and the thermal input. At the same
thermal input conditions, T,, increases and the emissions of CO and NO, drop with increasing ® in the
experimental range. At the same @ condition, T,, drops and the emissions of CO and NO, increase with
the decrease in thermal input. The lower the thermal input, the faster the growth in CO emission amount,
while NO, is affected much less. It can be concluded from the analysis that appropriate preheating of

combustion air is an effective way to enhance the lean combustion stability with low chamber heat density

and expand lean flammability.

Key words: flameless combustion; fuel/air equivalence ratio; spray combustion; pollutant emissions
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Fig. 1 Schematic diagram of the experimental system
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(SRIlEES e EIES i BE 5 o) B
2 AWM Qai LZB R 7 i dk it 0.5 m*/h
MR Qi TCS-100 #L T & FE 20 g
R Po (RS 1.6
HSHES Pai L EUVIES 1.6
IRBEE RS De U BRI it 0.01 kPa
PRBEE AR T K 7 e f -
SR B S MRU 3 5 5 41 < 53 B A% -

NO,,SO, fil UHC %.

R e 28 G5 K6 X JC I R e 1) S I BL A OGS A
PR Ry B H e T R 58 5 D I it D 245 R R R ST A
X 2 R W S R A B A TR AL A AR
BRPE R SF o 260 mm(K) * 150 mm (%) * 160
mm (&), Bl 2 R 50 50 FH AR L IR s = 1 0 A0 &L
AL e i A Bl 1 R T TR A R R N R T R R
BRBe = BB IR 20 kW, i TR B = N 2
B 1 5 RIS I8 R R A 2 A 5 e o R R A R
kA4 GBI 2 TR AOLAL. A2 Fl A3 BRE
SAB R IFERA BB E N F 18 5 M R AL
AR FLIEA 8.4 F1 2.5 mm JLA LK .5 fL
Yot Ry TR BE NP AT T o VI B9 B IH T
SERR B0 A0 Sy i B AR R, B R A
25 o A AR %5 4k 28 B FR G i A1~ A3 Ny
BRI 73 S8 1 B ) M AR 3A 3D ) O R R A IR
JE 3 . 2 IR R e o AR AL R E NS E AT AR AR
BRI = BE TR . B 2 v 1~ 9 KR DI AR =
PN 5 A T T AR L A B B L BT 10 SR

1

2 BMREEMRABEBRAHE
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Fig. 3 Velocity contour in the isothermal combustor
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Fig.4 Combustion modes
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