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Influencing factors of the lean blowout of alternative fuels

ZHOU Wenjie, ZHANG Jie, YANG Xiaoyi
(School of Energy and Power Engineering,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: In order to research the effect of fuel and inlet air pressure on the lean blow-
out (LBO), the experiment using standard kerosene fuel (RP-3), diesel and high boiling
Fischer-Tropsch oil (FT) in three different combustor inlet pressures was conducted. The
results showed that the influence of inlet pressure (19.17%) on LBO was greater than the
effect of fuel (6.26%). The main factors of LBO include inlet air pressure, flame volume,
combustion temperature, the fuel atomization diameter and the LHV and density of fuel.
The flame volume and fuel atomization diameter were mainly affected by the fuel property
while the combustion temperature was mainly influenced by the inlet pressure. The change
of LBO affected by inlet pressure was attenuated by the affected flame volume and combus-
tion temperature. Fuels with low carbon number and high alkane content may increase the

effect of flame volume on LBO, and result in a better LBO in low inlet pressure.
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Table 1 Experiment data of lean blowout
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B R K. .
B WK/ RE/% WBYY% W/ mE/C T PHERE T XY
kPa . i /°C (W/(m/C) o
10°° (g/s) D;, /pm (kJ/(kg+C))
140 6. 469 0. 65 30. 91 513. 82 25. 35 224. 80 56. 410 40. 561 1. 030
RP-3 190 5. 875 0.18 31.05 519.01 25.65 196. 38 54. 496 38.628 1. 025
220 5.426 1.04 31.79 489. 61 29.15 181.12 54. 994 37.591 1. 022
140 6. 397 0.92 38. 38 517.16 32.26 218.59 60. 590 40. 138 1. 029
L9 190 5. 844 1. 66 35.67 528.15 31. 97 195. 97 58. 295 38. 600 1.024
220 5. 541 0.61 36. 67 491. 95 29. 21 178.19 58. 652 37.391 1. 021
140 6. 044 0.62 40. 04 530. 17 31. 27 204.13 59. 547 39. 155 1. 026
5 b R _
. 190 5. 865 0.48 519. 65 30. 55 191. 51 57. 283 38. 297 1. 024
BB
220 5.714 0.17 34. 38 491. 41 29. 32 160. 08 56. 448 36. 126 1. 019
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Table 3 Parameters of Lefebvre prediction formula changed with pressure (based on 220 kPa)
KPa  THIS WY o WEY MW WEE% o
140 0.2294 17.95 3.462 —1.74 8. 087 2.82 6. 422 19. 17
RP-3 190 0.2137 9. 87 3. 376 —4.18 8.052 2. 37 5. 808 7.78
220 0.1945 3.523 7. 865 5. 389
140 0.2361 18. 83 4.104 0.13 6.514 —4.45 6.313 13.69
L9 190 0.2172 9. 30 3.935 —4.01 7.009 2. 82 5. 990 7.88
220 0.1987 4.099 6. 817 5.553
140 0.2527 18. 85 3. 830 3.39 6.243 —14.15 6.041 5. 50
RIE 190 0.2189 2.98 3.616 —2.39
220 0.2126 3.704 7.272 5.726
& 4 Lefebvre ZIEBERAH U R (L RP-3 A E#)
Table 4 Parameters of Lefebvre prediction formula changed with fuel (based on RP-3)
A (D
£/ Wil L Ak P A4k H () A 1E HEMmAL/ AL
kPa THH WEEE/ % Lo BREE/ 0SS BEEE/ % 103 R/ /%
RP-3 0.2294 3.462 8. 087 6.422
140 L83 0.2361 2.95 4.104 18. 55 6.514 —19. 46 6.313 —1.70
HIt 0.2527 10. 2 3. 830 10. 62 6. 243 —22.80 6.041 —5.93
RP-3 0.2137 3. 376 8.052 5. 808
190 L& 90 0.2172 1. 65 3. 935 16. 55 7.009 —12.95 5.990 3. 14
i 0.2189 2. 46 3.616 7.10
RP-3 0.1945 3.523 7. 865 5. 388
220 L9 0.1987 2.19 4.099 16. 34 6.817 —13.32 5.553 3.06
"t 0.2126 9.32 3. 704 5.13 7.272 —7.54 5.726 6.28

AN L Lefebvre T BLE S Bl 45 & =
TRl = b o0 AT B LA 4R . B T H v &
5 20 2 B DA HGE A8 LR A — 2 1Y Jm BR M RIAE
A B2 SRR 25~30°C Z ], 25 AP & 7E 500
g/s ZeA7 T 4 H AT B AT 1 0000 BE 7 . T AE A 0 Y
& I B PRARAE 100~300 C i il I 28 486
T LA S ARFRAE 140 ~ 300 °C 1y £ il HL 8 0l A #4f
() F50IN B8 7 5 % T At T S AR RS R
Tof 20 11 52 56 R 6 ik 2 = o At e
2.2 MRIGEEEH K4

T SO A LGB A B R I3 A8 A A A B
AVRAIE . O =FORH 23 AR O L BEA 1 R

JI TV T R 5 @ AN TR 488 9 % i K L AR
i J3E 55 400 1 oA 5% CIn &l 8 ) .

B AT T B3840 B RE K =L R A
HRAEF 3 AR 70 M R A e =5 s ) 8l 2 S 3K
IR N DR BT A A AR A o (L T PR R R R
AN T3 O G AL B s 22 A T R Ak
f1% 5 2 PR 3R T 0 ) 7 A s T 0 B i A A U ok
H A s g A0SRz R S SN o A o i A
PR 2R X T T O IR A R A B S (HA T IR T Y
B WA KR 29. 99 Y01 I T BE T 4 5 1 A
KA 13.66 %0, B LA LI A8 Ak #a #2 A H R
TR R e KA W ALy 18. 8504 . 454 TRl

=/
W

SIA
2



BT

J SCZAS A B AUIORE BT TN AR K 320 5 3 e TR 3% 1507

PRI I3 32 A H s Ty A8 Ak S 800 (R #2520 L 1
51 1 AR AL R BE B/ F T OUE B LS AR
ARG S5 T Y s — 8

WA BE A TR ) AR Ak R S R R A
Bl 56 22 (RP-3 3 19. 17 %, 4590 °H 13.69% ,
I S SR FEI R 5.50%0) 3 3 BUHE W = Fh R
T 0 TR 1 I P 51 AR b R R N O B
ABL T 45 A 0 A8 Ak I 3 25 B LG AE R T A s AN [
JORIH B I HR T A EE BB A 1T g 78 kB4 R R ]
14 R 28 kg 235 R 0T, 55 A T %oF B T HEL KT A L 1
M) 55 A ) B 2 W 15 AF AR . AN (3) AT LA
B ARSI 25 4 Y s e B R KO R
W BT Y KOHE AR 32 Fs D 5 e e K i RP-3
9 IR AR 32 3 1 52 i e /N s T 801 A R
JI7EA6 R S RP-3 31 < Lb 728 b d5 K 5 W A5 2R FE T
/N,

0.0068
I 140 kPa
Dio0se - I 190 kPa
0.0064 | I 220 kPa

)

i 00062

= 0.0060 |

T 0.0058 |

=

ix 0.0056
0.0054 -
0.0052 |
0.0050

RS el
STHEES

&8 FhR o < LB R A E T A2 A
Fig. 8 LBO of fuel in different input pressure

150 B B T

2.3 BRRHE R R

T SO A B RA T RS AR 5 A B
JENA R KFR TR 140 kPa . RP-3 3l I
B T e W ARG 7E 220 kPa R, ik AR 2R 4T
AL B T . (Al 9 i R)

MR e 4 (8 50CHE 43 BRI 2801 2 190 3R A4 3t 3 1Y)
A FE SR B2 AE 140 kPa Al 220 kPa "N AR # A
oL, T 2 20 — B B0 Wb A 9 G I Y Bl AR K
ALK RP-3 ., 117 45 48 3006 1 2 30 48 i <
LU IR 5% e A5 5 AR S HL 45 48 B0 A8 ) i BE AE 140
kPa(22. 8 %) Fl 220kPa(13. 32 %) i 2= FE & A, T
DL B0E b i 2 G0 A BT KOl R T
BT RP-3 MifE & & T W% T RP-3 (1 5[5 >k B
THEI,

TE A S 36 v S 35085 1 AR A 1 R 3R A K

RFL AR 1 LUE 8 RP-3 78 & A 22 1 48 K i
F8 K ARG s 7 72 1 Y i REAR /0N o T LAIA D G
B AR AL o A B B I A 7 AL IR 2 ok ELBE A
s T 8 T vk /) » BREE A E1 R T B R . = Fh A
T 22 5] B N A FR 2 S 28 7 1 KL 3k it 3 B T AR
140 kPa T 4514 T %S T 4 K 7B I B2 i 2 B T
L0 IGURIAA TH 20 9 2 5 K 22 3k R G L A9 S A
A B2 S5 R A5 ] 5 T AE 220 kPa I 25 49 009 52
M e ARG o T 50 TSR 1 10 14 2 o A

0.0068 p—p
.J‘L‘

0.0066 |- —
0.0064 - I = 2T

% |

i 00062

ZE 0.0060

0.0058 |

=

iz 0.0056
0.0054
0.0052

0.0050

140 190 220
AR EJI(FEE)/kPa

9 R KA L R il A 2 78 Al
Fig.9 Change of LBO in different fuel

R T 5 K4 503K — 52 ) R 28 A1 9K vl 0 A, 2 —
AN A Y R R 23R (B RO 18.5504) 5% i
SR I PR 2R Bk 1 BRI AR B i) AL M T (e
KA 3.82% 2 A % B AAED DL X %Ak BLAR (I
JH 15.37%) , 46 140 kPa B B T 45 44 01 (1 5% 1)
BER o BRI IR 5% ) 4 B 55 T AE 220 kPa B
5 R I JLF- A ELHCIH T AR I I 1 T 2
SEAE BRSO A AR B N B
2.4 HMEZRSH

T B0 45 3R W] 5 e R o S R G R R R
HAO SRS (kR 30.02% . LA 220 kPa
RP-3 $cd Jy Feofl . LN ¥ B AR - B e = 1L B
(13.55%) s kMR TR (20. 62 %) DL K #5319 % 1k
HLAR(21.39%0) DA B % B AE (3. 8200) . Horprk
SR B R =5 R B A I 55 A6 AR B 45 S T DA
AR i 2 R AR Ak

N IIEAR B B 53 B B F 28 SO T3 38
KAGRFR S AR /)N o T A% /0N 1 W 0] 25 32 S BKTh )
JB 2 B B R, RP-3 1 KRR 2 A 28 SR )
S SR /N (2. 8206) s BEIMIR Z.(9. 95 %0) , 1= i 45, 5%
FEM R R (14, 15%0) . Honl 68 19 J5 Bk A F % il
P4 B B30 53 A LA B SRR 24 o S48 3l 0 o 9 e 2 4T



1508 A |

LRI

F B 00 A R T AT g R AR B 1 s R
BN RT LA e AR ) 55 A ROR L 5 s AR A
YG5) s RGP TRAH % o T oo 97 6 19 S B e
RERE > (L 9. 590) R R MERE B2 - T LA A2 55 Ui
bR AT PN

WA B =i S5 AR A o B BB Z AT
2RI R L B RS AR 18. 66060, 1EAS
A H B R R AR O A= SR
JIHY AR 2 5 Boas AW g WA e % O T 4
R JOHA AR E W 5 22 4 0k b A9 116 & o AT JE A
R 3 1 I BE B 11 T g R AR i 42 v 42

WAL EAR A B 32 A 128 ST ) R il 1
Jo e [a] ke S e rp R A B A 52 ) ot 3 A (e
KA 15. 37000« A H 28 SR T35 Wi A XA/ (i
KA 11.28%0) o A H 28 K I i 5% Wi J2 i i &
T3 R T B0 0 AT AR IR T O 4 L
A3 UL I AR S 3 X A i 25 TS R A A
FI s T LA Z5 A AR 19 72 1 34 A W1 i A% A 1 5
WD . RP-3 /9 80w ik JE 55 16 AR fe /DN
17T S 30k A0 e s A, 9% G i 14 Bk B o A ARl L 5 Al
JERES U (U SN AP OR T TR R NSNS
PAE

Xt B AR KA TR S R A T R
J7 B MR S L T R (EUR S B
S PATRIE AR e 2 i B2 T s 6 A+ 5 AR
CECTR B B RUAE B2 3 08 A EE 19 5 Wi R
BARAFAE AL I BERR i R R G 2006) ofH
THAEARTH T BUR A 2R G T 92 £k
W B N K Gl KA 20900 o WA ST 119 22 53¢ 3 B2 AE R
Be & KIA MR B L A5 510 BLAR 4 B I B Y
ARG 2 S/ AT 5 O AE BT R K <L
oW AR

3 4

AR SCHIEFE T 1% i 0 I3 4 8 DA B IR 8 2 A T
JI0FF AR A AR SR B RP-3 . 2590 LA
T v b 5 SR AT = AR R AT T = ROR T R T
BT B BT AR K A B 2, FE LT Lefebvre (1)
LIS AT A 2 AT T R ) B 2 Ay 15 D
R

1) MR 4 Jo 0T B AL K i S 5% e (LA RP-
3 N FEUE BN 6. 26 %) F/NTF AT IE J1 A8 4k i
SR (LL 220 kPa 36, i K 19. 1700,

2) FUMAE R B = A A H R )
(30.02%), K ¥ B (20.62%) , K B = & BF

(13.55%0) R 55 16 B 48 (21. 39 %0) Lh Bk T 44
TEL R B2 (3. 82 00) » Ho v SO PR BURIIR 9 25 Ak B
A3 A Hs T RV 2B o 3 ] 52 0

3) AR AR A9 B 3k HE L B T ) R AR
11T 38 AP R J3E AN 7] = 2 ol R il 2 i 22 S (i 5K
O3 AT R SR B e ) B BOR A5 R 022 S CRAE IR
BO TS B+ e b B S B Joe Je o5 /D AR AT B 2
B 18 JCHE PR B B R G L A R

4 BRI R i R 2R A AT TR g R AR
THTHE 2 PR 8 2 32 L2 TR ) A PR BRURN
R 2 I A A T Y 55

S 3 W

[1] GREGG G F,URS Z. Environmental trends in aviation to
2050[R]. Montreal , Canada: Canada International Civil A-
viation Organization,2016.

[27] LONGWELL ] P,WEISS M A. High temperature reaction
rates in hydrocarbon combustion[ J]. Industrial &. Engi-
neering Chemistry,1955,47(8) :1634-1643.

[3] LONGWELL JP,FROST E E,WEISS M A. Flame stabil-
ity in bluff body recirculation zones[ J]. Industrial & Engi-
neering Chemistry,1953,45(45) :1629-1633.

[ 4] LEFEBVRE A H. Fuel effects on gas turbine combustion-
ignition, stability,and combustion efficiency[ ]J]. Journal of
Engineering for Gas Turbines and Power, 1985, 107 (1)
24-37.

[5] BALLAL D R,LEFEBVRE A H. Weak extinction limits
of turbulent flowing mixtures[ J]. Journal of Engineering
and Power,1979,101(3) :343-348.

[ 6] LEONARD P A,MELLOR A M. Correlation of lean blow-
off of gas turbine combustors using alternative fuels[ J].
Journal of Energy,2015,7(6):729-732.

[ 7] ATESHKADI A,MCDONELL V G,SAMUELSEN G S.
Lean blowout model for a spray-fired swirl-stabilized com-
bustor[ J]. Proceedings of the Combustion Institute, 2000,
28(1):1281-1288.

[ 8] XIE Fa, HUANG Yong, WANG Fang, et al. Visualization
of the lean blowout process in a model combustor with a
swirl cup[ R]. ASME Paper GT2010-22534,2010.

[ 9] RIZK N K,MONGIA H C. Three-dimensional analysis of
gas turbine combustors [ ] ]. Journal of Propulsion and
Power,2011,7(3) :445-451.

[10] MONGIA H C,RIZK N K. Gas turbine combustor per-
formance evaluation[ R]. ATAA-91-0640,1991.

(110 sk LA, £V A K Sh LA be 5 58 JCRe 1 19 B 52

LT 1. R 28 i R R 22 2 4, 2004, 21(3) < 1-3.
ZHANG Baocheng, JI Youzhe, WANG Ping. Study on
blowout characteristics in aeroengine combustor[]J]. Jour-
nal of Shenyang Aerospace University, 2004,21(3);1-3.
(in Chinese)

[12] WANG Huiru,JIN Jie. Lean blowout predictions of a non-



57

J SCZAS A B AUIORE BT TN AR K 320 5 3 e TR 3%

1509

[13]

[14]

[15]

[16]

premixed V-gutter stabilized flame using a damkohler number
methodology[ R]. ASME Paper GT2011-45958,2011.
BEOCHE  BUIRAT  WIAF AR L S5 BRI 3 B O PR R T
LT s 8h J12£4,2010,25(7) . 1478-1484,

CAI Wenxiang,ZHAO Jianxing, HU Haosheng, et al. Nu-
merical prediction of lean blowout in aero-engine combus-
tor[ J]. Journal of Aerospace Power, 2010, 25(7):1478-
1484. (in Chinese)

TR TS UL v J . (o P REAE 2 B0 T 0 A S R 2 Bl
IRBEE TR KR IR LT, i 25 3y Jy 2 4, 2014, 29 (7))
1631-1638.

ZHANG Zhibo,ZHENG Hongtao, LING Rui. Feature-pa-
rameter-criterion for predicting lean blowout limit of aero-
engine combustor[ J ]. Journal of Aerospace Power, 2014,

29(7):1631-1638. (in Chinese)

R S HE L 2R AL LT R AE 2 B0 T A A R L AR
Pea RO [T, W R TR R 24 4it, 2014, 35(2)
177-183.

ZHANG Zhibo,ZHENG Hongtao, LI Yajun. Prediction of
lean blowout on marine gas turbine combustor based on
feature-parameter-criterion[ J ]. Journal of Harbin Engi-
neering University,2014,35(2) :177-183. (in Chinese)
iﬂﬁz‘iéﬁ% B, G SR 43 T G Bl A T i U P A 4 A A
WA R L] fi s 3 J) % 4, 2011, 26 (8): 1756+
1760.
XIE Fa, HUANG Yong, MIAO Hui, et al. Effects of air-

[17]

[18]

[19]

flow split and primary holes arrangement on the lean
blowout limits of a combustor with axial-radial swirl cup
[J7. Journal of Aerospace Power,2011,26(8):1756-1760.
(in Chinese)

W BT R AR AR 43 TG 0L T E U A A R A
SEPERESZ M [T Jb 5O 28 i R K 2% % 4, 2011, 37 (1) ¢
1456-1460.

XIE Fa, HUANG Yong, MIAO Hui, et al. Effects of air-
flow split and primary holes arrangement on lean blowout
limits of combustor with dual-axial swirlers[J]. Journal of
Beijing University of Aeronautics and Astronautics, 2011,
37(11):1456-1460. (in Chinese)

NG BT L B SR SO Y TN M OB BT il AR ok i R
iz N LT, HEdERE R ,2015,36(11) :1677-1685.
SUN Lei, HUANG Yong,ZHANG Ding, et al. An improv-
er semi-empirical correlation for prediction of lean blowout
limits for gas turbine combustors using gas fuel[ J]. Jour-
nal of Propulsion Technology,2015,36(11).1677-1685.
(in Chinese)

TR 7 B S Sk W8 Ak ) B O I AR £ A HA B
FFEEREARE i [T 1. o 2 B Jy 2441 2009, 24 (2) - 347-
352.

XU Haopeng, WANG Fang. HUANG Yong, et al. Effects
of flow split among swirlers and primary holes on the lean
blowoff limits of a combustor with swirl cup[J]. Journal of

Aerospace Power,2009,24(2) :347-352. (in Chinese)
(¥t F MRS





