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Numerical simulation prediction of aero—engine combustor flameout

characteristics based on flame volum method
HUANG Xia, WANG Hui-ru
(Basic and Applied Research Center, Aero Engine Academy of China, Beijing 101304, China)

Abstract: Taking swirl combustor as the study object, flame volume data was acquired by numerical simu-
lation to develop flame volume method. The flame volume method was used to describe lean burn test data
rule and now can predict lean flameout characteristics. The flame volume method took flame volume near
flameout to replace liner volume in conventional prediction method to improve accuracy and versatility.
Based on flow similarity principle, the developed flame volume method was extended to high pressure and
high temperature conditions while the prediction accuracy was acceptable. The influence of swirler and pri-
mary hole flow areas on lean flameout characteristics was studied. The result indicated that the swirler flow
rate had important effects on lean flameout characteristics. The lean flameout fuel-air ratio increased as
long as the ratio of the swirler flow increased, whether the swirler flow area or the primary hole flow area
changed or not. Under the basic operation condition in this study, the prediction error of the lean flameout
characteristics is less than £249%, while the error of the classical model is more than -90%.
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Fig.2 Equivalence ratio of the center plane
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Fig.3 Flame volume
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Table 3 lteration of the flameout prediction
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1 0.005 0 0.135 9 0.011 6 0.006 76 0.352
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3 0.005 5 0.135 9 0.020 8 0.004 19 -0.238
4 0.005 3 0.135 9 0.018 0 0.004 69 -0.115
5 0.005 2 0.135 9 0.016 7 0.004 97 -0.044
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Table 4 Prediction results of different fuel-air ratio
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Fig.4 Prediction results with different initial fuel—-air ratio
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Table 5 Flameout characteristics with different flow areas of the

primary swirler
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Table 6 Flameout characteristics with different flow areas of the

secondary swirler
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Table 7 Lean flameout characteristics with different flow areas

of primary holes

= S A T A a B 4180
1 FEAGE 0.135 9 0.016 7 0.004 97
2 /N 30% 0.140 4 0.016 4 0.005 35
3 W/ 15% 0.139 9 0.016 6 0.005 25
4 HK15% 0.134 4 0.017 2 0.004 77
5 K 30% 0.1317 0.017 7 0.004 50
6 Z5it

(1) 25 et i KR PR Bk RE B R 8 28 1Y) 3%
AR RV , AT DU B H K BT 45 R 0 2R R P Y
SR TEREE T 00T PR 221K T +24%

(2) TR TR AR S SRR E R T
OFH RSN o AN TR R U A AL 3 AR 38 2
S R L AR, R BB I A S U R T
118 K, BHE I R A 23 48 K5 B =2 BRHE R EE ek
o

(3)  ARRMETE A, 4 10 ik 52 56 A R 2 0 U X vl
7 BN AN [ KA be 25 2548 SN R Ik (A T[] A
i Bl SR 7E 405 R AT 21 S v 1) K PR BRI
o 3o ks % R RS SRR SR 55 ALy

PEXT B AR KR R R

Sk

(1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bahr D W. Design technology for future aircraft turbine en-
gine combustors|R|. AIAA 79-1197,1979.

Bahr D W. Technology for the design of high temperature
rise combustors[R]. AIAA 85-1292,1985.

Johansson P, Sjunnesson A, Olovsson S. Development of
an experimental LPP gas turbine combustor|R]. ASME
94-GT-284,1994.

Robert T, Changlie W, Peter L, et al. A low NOx lean di-
rect injection, multipoint integrated module combustor con-
cept for advanced aircraft gas turbines|R]. NASA/
TM-2002-211347,2002.

Robert T, Mao C P, Changlie W. Experimental investiga-
tion of a multiplex fuel injector module for low emission
combustors|R]. AIAA 2003-0827,2003.

Feitelberg A S, Lacey M A. The GE rich-quench-lean gas
turbine combustor[R]. ASME 97-GT-127,1997.

Diers O, Koopman J, Fischer M, et al. Investigation of two
advanced cooling mixing concepts for a rich quench lean
combustor[J]. Journal of Engineering for Gas Turbines and
Power,2002,24(4):784—791.

BERZE, YO, 5 B SRR /AR R /AT I O i
HABE AR NOCHEI[T]. HEEFIAR ,2006,27(1): 88—91.
Holdeman J D, Chang C T. The effects of air preheat and
number of orifices on flow and emissions in an RQL mix-
ing section[J]. Journal of Fluids Engineering, 2007, 129
(11):1460—1467.

Barlow K, Burrus D, Stevens E, et al. Trapped vortex com-
bustor development for military aircraft|R]. US: Navy Air
Systems Command, 2002.

Mongia H C. TAPS—a 4th generation propulsion combustor
technology for low emissions[R]. ATAA 2003-2657,2003.
Stouffer S D, Ballal D R, Zelina J, et al. Development and
combustion performance of a high—pressure WSR and
TAPS combustor[R]. ATAA 2005-1416,2005.

NG SC, ZRLL LT R AT, S SR TR B T AR 175 e R e
FERMETTEN]. A2 3 12548, 2009, 24(9) : 1923—1929.
Lefebvre A H. Gas Turbine Combustion|[M]. Washington:
Hemisphere Publishing Corporation, 1998 :484.

von Elbe G, Lewis B. Theory of ignition, quenching and
stabilization of flames of nonturbulent gas mixtures|[C]//.
Third Symposium on Combustion Flame and Explosion
Phenomena. 1949 :68—79.

Huang X, Huang Y, Wang I, et al. Bunsen flame blow—off:
ASME GT2011-45664,

(P55 3510)

velocity—matching method|[R].
2011.



$31%

LI S I 35

[4]

5]

[6]

(7]

(8]

Marino C E B, Oliveira E M D, Rocha-Filho R C, et al. On
the stability of thin—anodic—oxide films of titanium in acid
phosphoric media[J]. Corrosion Science, 2001, 43(8):
1465—1476.

Fonseca C, Barbosa M A. Corrosion behaviour of titanium
in biofluids containing H,O, studied by electrochemical im-
pedance spectroscopy[J]]. Corrosion Science, 2001, 43(3):
547—559.

Wang Z B, Hu H X, Zheng Y G, et al. Comparison of the
corrosion behavior of pure titanium and its alloys in fluo-
ride—containing sulfuric acid[J]. Corrosion Science, 2016,
103:50—65.

Wang Z B, Hu H X, Zheng Y G. Determination and expla-
nation of the pH-related critical fluoride concentration of
pure titanium in acidic solutions using electrochemical
methods[J]. Electrochimica Acta,2015,170:300—310.
Chen J R, Tsai W T. In situ corrosion monitoring of
Ti—6A1-4V alloy in H.SO./HCI mixed solution using elec-
trochemical AFM[J]. Electrochimica Acta, 2011, 56(4):

191

[10]

[11]

[12]

[13]

1746—1751.

Liu Q, Wang Y, Zheng H, et al. TC17 titanium alloy laser
melting deposition repair process and properties[J]. Optics
& Laser Technology,2016,82:1—9.

ZUKAEIE L IR GE TC1T BhA 4 i TR R He g
S (R 57 BEECY" R WU KL 55 TR A A (], WA < s b
RS T2 ,2009,38(S3): 170—174.

Zhang X H, Liu D X, Tan H B, et al. Effect of TiN/Ti com-
posite coating and shot peening on fretting fatigue behavior
of TC17 alloy at 350°C[J]. Surface and Coatings Technolo-
gy,2009,203(16):2315—2321.

Zhao P, Fu L. Strain hardening behavior of linear friction
welded joints between TC11 and TC17 dissimilar titanium
alloys[J].
621:149—156.

Materials Science and Engineering: A, 2015,

Zhao P, Fu L, Zhong D. Numerical simulation of transient
temperature and axial deformation during linear friction
welding between TC11 and TC17 titanium alloys[J]. Com-
putational Materials Science,2014,92:325—333.

(B35 13 70)

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

WoOHE, W L, E AR VLR AT A
KT AR RS E AL B ] AR 5 R, 2011,17(1):
72—77.

WOELE OB UL WL AR AT R I BUR KRR E
SR CALIRL)]. bR AT R R 2 24l , 2013, 39(10)::
1325—1330.
wOH L 5 AR AT BUR O TR R S5 0
(I, AEBHU = LR K724, 2015, 41(8): 1513—1519.
Longwell J P, Frost E E, Weiss M A. Flame stability in
bluff body recirculation zones[J]. Industrial and Engineer-
ing Chemistry, 1953,45(8): 1629—1633.

Zukowski E E, Marbel F E. The role of wake transition in
the process of flame stabilization on bluff bodies[C]//.
AGARD Combustion Researches and Reviews. London:
Butterworth Publication, 1955:167—180.

Ballal D R, Lefebvre A H. Weak extinction limits of turbu-
lent flowing mixtures|J]. Journal of Engineering for Power,
1979,101(3):343—348.

Ballal D R, Lefebvre A H. Weak extinction limits of turbu-
lent heterogeneous fuel/air mixtures[J]. Journal of Engi-
neering for Power, 1980,102(2):416—421.

Lefebvre A H. Fuel effects on gas turbine combustion—igni-
and combustion efficiency[R]. ASME

tion, stability,

84-GT-87,1984.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Mongia H C, Vermeersch M, Thomsen D D, et al. A simple
reactor—based approach for correlating lean blowout of tur-
bo—propulsion engine combustors|R]. AIAA 2001-3420,
2001.

Xie F, Huang Y, Wang F, et al. Visualization of the lean
blowout process in a model combustor with a swirl cup[R].
ASME GT2010-22534,2010.

Mongia H C. A technologist perspective on gas turbine
combustion science and its application in technology de-
velopment[R]. Beijing: Beihang University,2010.

TR iz R s AL BE 2 i I A R B BB AU 5
[D]. B3 AR AS TR K, 2011: 108—109.

S, FEZR IR R IR E M), bt i T
Al H A, 2016.

Hu B, Huang Y, Xu J Z. A hybrid semi-empirical model
for lean blow—out limit predictions of aero—engine combus-
tors[R]. ASME GT2014-26271,2014.

Hu B, Zhao Q J, Xu J Z. Predicting lean blowout limit of
combustors based on semi—empirical correlation and simu-
lation[J]. Journal of Propulsion and Power, 2015, 32(1):
108—120.

Kundu K P, Penko P F, Yang S L. Reduced reaction mech-
anisms for numerical calculations in combustion of hydro-

carbon fuels[R]. ATAA 98-0803,1998.



