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Ignition characteristics in evaporating Z-shaped pilot flame-holder

MIAO Junjie, FAN Yuxin, WU Weiqiu, ZHAQO Shilong

(Jiangsu Province Key Laboratory of Aerospace Power System,
College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The ignition characteristics in an evaporating Z-shaped flame-holder were ex-
perimentally studied. The kernel formation and flamelet growth at various ignition positions
were acquired using high-speed photography and image processing, and the droplet size and
distribution in addition to the time-averaged flame structure in the recirculation zone were an-
alyzed. The experimental results showed that, compared with the traditional film evapora-
tion flameholder, the evaporating Z-shaped flameholder can decrease the lean ignition and
blowout equivalence ratios by 31. 1% and 19. 4% when Mach number was over 0. 2. The for-
mation of the initial kernel was related to the ignition position, caused by the double-reac-
tion-zone morphology in the Z-shaped evaporating flame-holder. When the kernel generation
was more contributed by the second reaction zone, the ignition performance of the Z-shaped
evaporating flame-holder was better and the flamelet growth was faster. The ignition capaci-
ty was better when the ignition position was near the lower corner of Z-gutter, and got worse
when the ignition position moved to the interface of recirculation zone and mainstreamj;
meanwhile, the non-uniformity of oil mist attributed to the low fuel evaporation rate in the e-
vaporation tube under low temperature and high speed conditions caused the transverse

difference in lean ignition performance.

7 B H#:2019-12-10
BELWH :{EAHEAE(2017-1-0007-0033)
TEER N B2RA94—), B 1 1R, 8 NFREE & 8RB .

SRR B RN EF N R K0 ZIB IR T E & 19 50 PR RELT . i 28 3 1 27 412, 2020, 35(7) 1 1457-1465. MIAO
Junjie, FAN Yuxin, WU Weiqiu, et al. Ignition characteristics in evaporating Z-shaped pilot flame-holder[]J]. Journal of
Aerospace Power,2020,35(7) :1457-1465.



1458 o= @ o R

%35 %

Key words:

evaporating Z-shaped pilot flame-holder; ignition characteristics;

ignition position; flamelet growth; droplet distribution

M ES I A 15 3R & s HL (turbine-based com-
bined cycle, TBCC) . ff 1y BB Bt 55 A HIj 4 1 5
AR C 2 KE s LUy H T
25 [A)38 i A 2 ] 45 it . {HJg TBCC &
SHHLTE) B BE [ RIAS [7) i AR PR B AR e %
) R CHE B 7 B i A SR iy S it B / o
JEH G AR E A TARER 2 N 19 A] 58 2 ORIk
JFe e & TBCC TR v Y 5 B e A XE

TR b E TAE BG4 7% Ho AR BA B L o5
KX PP AP TR 22 O IR TR BR 43 BUTR .
KAKIERE SZ B ZFMERWTRS . T
Uit AE TOUTR A A AR BE R Ty L BB i I AR
JESE B A S KRR R IR kRS
B g K BT A AE RS, T S K A
A TR 5 0 3 T st KO B TR Bl R Y KR R R By
B S 8l A5 A FNR A W) 43 RO 52 ) KO B
RETMHEED,

T ORUERA BE = 1 T HE A BABE = N G
R HME PR K MR E g AT Honi kL VOB Ka T
B s ER MR O ERTT R
SAEIN T R be = i ph R R BE = R AR B T K B
o 8T 3R be % 1Y s K PERE L /2 TBCC
REANHL I T8 B T AE 2R, A AR, B A
Cheng &0 1 IR 7% & 2K SO R 28 T T 1
Jad /P A A R & AR AR T AT Y A KORT A e
PERE . (HE IR 28 e K A AR E o 45 40 52 % I B
70 PR L 8 BEAR = P BB T R e A b i I A2 3
PR . A 0 3 O A i 3 A 25 A AT & R AR BRI
U IR R P s RE S ok O LR T

— L HE- 5 B KR R E A T2 a2 B kO
faEds . Ho &R Z I8 kIt e & 60 TR ke
MR BAT AR AR 52 2 BHL g 0 R A AR s T
B C e 6 25 2R 3 W 2 e sk i A Z JE 46544
R T DA B U KPR

N T AR 78 K X Z I8 KGR RE AR 1Y
SRBEST i TR B o 5 T B AR R A b = Y
MUK . AR E A KA TR B KO AR
SE A BRSO R E A RO Y
PEAT TWESE B RS Z P K Re e i ol T LA
J5 B FEN G P A ) » i KA B RS i KA RE 1 52
Wi A7 45 L A R e A TF) 2 Ak o AR SR
1 R A AR AL B D7 3R S B TS 1 0 B K A%
(10 A B R R 2oL B R A B I Y K O
PR 7R T G AL B X 25 530 Z T8 KRS E 4 K
PEBERYSENA . D 28 K3 Z I8 KR e AE S B T A%
HAE 2 114 L R A B e SR

1 HFRAE

1.1 #ANXNZENIERES

B 1R R Z I KOa R e TR R A
LRk (RP-3 30D H d = 0. 5 mm (%) B 5 =0 ms
g DL AT XA R 5 R RN
— IR IR LSR5 BE T AR 26 R kAT
R T LIE R B IR A Z A AR 3 A AR
T HESAL WA 35 Y0 J2 576 5 U] 2 58 i 9 bk 20 i
—HFA FER . Y Z IR NG X 2 W 5T 2
B o B 3 TR 20 T 1] [ 3L DX PR S 2 K
Ab 30 SR K B TR BB 25 & X Z B kOB R e

Plain orifice atomizer

Vent-hole

_—
_
Y
—, Gasentraining Flabelliform
tube
0 z

—— Vitiated air { Kerosene

# Rich fuel/air mixture

evaporating tube |‘ >

¥ Spark

K1 kR ZIB IR E 45 iR K
Fig. 1 Sketch of evaporating Z-shaped flame-holder



57

BRAG FE RN Z LI KT E & 1 s K PERE 1459

e 5 O I B A FF KO
1.2 KERE

wiE 2 prs A A EE S E A S R
e {5 SR R G AP ES R G S KRG
ARG MBI g B, B B R
Al Egg A i Oy 3ke/s MO 0. 17 MPa [y %
QR ECREE SN W I B R P ity b M e
UREIE 900K, R FASCHENE & 1 Rk

Fuel supply
Air supply yetem
system Thermocouples
‘Cold air Gas sampler
Direct Hit gas
preheating | m—-
system

Flue gas I
analyzer I

PERES B O AE SCHRLLS . 17 TP R 3R AR S0 32 %2
W A 7 22 5 B 5t R 0 A 8 225 S0/ AR O 1t
ARG AT ES RO RS T O R SR
BRERG ., Hor, 23 SRR I 5 43 ) 2 i
B T (LUGB-24 5 e 4 2 80D Fa 3 o 8 3
T (OFG-3 B & , A e = i 1 28 il B2 F0 AR
R A K B AR E MRU K 0 2 A
NOV Aplus 453 {0 5

Ignition
system

Optical reflector Exhaust section

Computer

Optical glass

~ Meniscus
/ lens

©

Laser

Z-shaped
flameholder

CCD

High-speed camera

camera

K 2

KBRS

Fig. 2 Schematic diagram of experiment facility

FEALPRBE % Ay 150 mm X 100 mm {4 T8 1 56
B, e Be b BE TR0 BE TE 528 A T T A
OB WA H . &k Z I K ata e & i
KR TDH20-1 B BB L KB KA S K
REf A4y 5y 2 RN 5 Hzo #I0H KA HTE 1K
Tk mF 0 # CMOS(complementary metal
oxide semiconductor) fi #l (Phantom v710) #4 It
Nikon Nikkor &%k (85 A 50 mm . G K {/2. 8)
T AT A 7000 Hz, BRG] 2 140 ps, 7
1280 18 X800 R R My 3 $r AR TN IL AL 3¢ 5.03 s
R

BRUMRLAR S 43 A 1 I = | F TEEOG R g2
CCDC(charge coupled device) #H #L 5¢ . H ',
CW (continuous wave) G #% (B A 532 nm, I
Ry 5 W FI U 575 5 20 K- T O R 58 P R
JEZ) Tmm B9 HO% s 1 B 3 ) [E] 9 X
1R 9T B o A SR IO 27 B0l 5 S B B 1 A
T G b A B/ VT A O O AR SR T AR
B RO B 4y B R 1) CCD A HIL (Vieworks

VA-29M)F T 100 mm 3 BE 5% 3k (Zeiss Makro-
Planar) , J't; Bl 1 B O 15 W] 43 5] % & R £/2.0 F
200 s, BT CCD MHHLIY 73 BEHE R 6576 5 R X
438G T AR SCAT 4% X 4 K 120 mm X 50 mm,
DAL S AR HORE AR B B /N 73 BE(EL R 18, 2 pm,
1.3 RBEIREFE
ARSCHEIE S KA E X ZE R 2 Kk E ke E
i s KPR RE Y 52 0 L 78 5P BE 1 356 I 3 Ok
FRRERIR G = JE 1 SR T, =600 K, Bl # Ma =
0. 2, B SN EL o, =18. 7% AR SCH Ja ik
TAFE R KA E A7 R Z B KRG T E & 1 2
TR AL 75 P8 B Bl 25 R Y O AR T A 2R
R R A AL I T SR A SCERC16 1 Y
Ik, N TR AR A AL R 5 K
2, IR IS YGRS 1P I (EAE g B A4 2R .
TERRIN R A B A3 A7 g I 2 . CCD AR AL 41
$% 200 5K B R o A0 B TG AL 3, S T
Ji ey PRI e R BB LR VR o B L RS S5 ME B AR SOR
PO A 3 30 2 A I A 4 6 32 S & 42 225 ik



1460 LT

= % % i

%35 %

6 50 31E e A AR OB 15 L R AL BB AR
H T 9B 2 A1 B B v L AR SOxE 200 5K RS Ak
PR G5 R AT B B4 Ab B DAREARBE DL IR 25 . R
PG AL 7 AR 19 2R R F 2 B AR (SMD) &5
T R SCEERE EE AT 25 AR X IR 2E7E 50 AN .

1 KN G 5 7 v AN]SR R )
U6 KAZ I I SR Y R A R A H R L. i T
A ALIA B 9 RGB(red green blue) 1% d 19
G\ B J i BE S fE A b AR 0 KA FFIE S5 4 (G LB il
TE A U8 P B oyl G C BE A CH Sk #Y 3¢
KD AR SGE KGR T =1+ 1s. N
T UHER S UK I AF 7 BT S B K A A A AR
SCR ] MATLAB 4% J5Uis KR 3T T — &R 51
PR A B DR FH v 307 108 e xof Do s PR 22 W 5 O 4
IRGB EIM& 1 G il e A B i kO s B Lo
F Ty A5 B RAE AR BE T (04K 2 R 5 O X K 2
FIR T i [l DX X e 47 A0 5 21 0 5 B2
T g ) 4 728 Ak il 25 @ % K FE R T 3647 BJ7
V] 343 iy e Ak T L2 398 i TR 1 0 B 38 R 8 25 7
1.4 BEFE

BE B I T Fluent 4 9 RANS(Reyn-
olds-averaged Navier-Stokes) & %, JL fi] f& %Y 5
R RGP S5 —8. E8E. ghE.
Jift Vi A RE 2 19 455 ) 5 % & ] SIMPLE (semi-im-
plicit method for pressure-linked equations) % i
KA. I B RLR H Realizable k-e BIAY, T BE X
SR FH A Y- i BE 1T o 500 2 U B © 48 B IR
REVERA HL B 4L TBCC LAERAE T & KL A ata
SE A (R 3 R 1 LA A8 TR R P 45 4 1
R X 73 FE X Z I K R E i BT R A E AT )R T
TNz Wk R ECZ N 300 T7 . BUE 2% AR AR IE 5 22
16 2 BORTEE R RENCEE) 10 ° B4, TR 40 10 30 3 o
PFRCE IR 1 s o po 3. 0T, /dn Dy BE
T 325 ) e T 88 6 B

x1 BREH

Table 1 Boundary conditions

i1 A {7 & S8
Ma=0. 2;
R Uk O A ok e 2= 3 T,=600K;
g0, =18.7%
FE A A EEE O p.=101325Pa
N - Ma=0;
JC g B BETH A& 1 [i] 4 B T
T, /In=0

2 ZR5iTR

2.1 BERXNERERBNERILER

B3 BASCH AR K Z W KGR E SR 5%
B R 2 2 A RS E #8005 (LD RR 2k
(LBO Y o iyxftb. MWEIH AT LLA 2], 3 Fh
KT E A% B B0 S 1 L Y BE R D R 1Y
INSE NS BT a3 PR A S 5T SR 25 b
B 30 D R R R WO S5 A0 RN 2R R T et e Y
I 52 18 i i L IO IR U 30 457 B8 I TR] A R
TR R K o AEAH B TR LS J e % SR FH G A1 v
(FHA) 0w {3 3 CEHB) (1% 5 il 8 15 26 % 58k
YRR E # AR SR T2 R Z B KA RS E AR TE
Ma=0. 2 B B A TEAR 0 2000 S0 K & L A T
FHA F1 FHB, 207l £k S 3 L 430 B 24, 206 il
31126, M AR K 2 o T B 4. 8% 19. 4245
[ B AH Lb 39 2 b2 R 1 T R 2% % =X K M B e A
(R 58y 43 mm) , 28 R Z T8 K MG T & & (B B s
JE 2 30 mm) B LA SE A 1 U Bl 453 2k T 2 T E Ak
Bk KR e i BRI | R IR S5 T AR
WHREIES k%, T HEXZIE AR
JE 5 UM CHEBE I P B, T SORE Y A I Bl R
TR KA X KRR S W AT T PR AN A T .

—s— FHA, LI —o—FHB, LBO
== FHA, LBO —4—7-shaped, LI
—— FHB, LI —/= Z-shaped, LBO
0.055
0.050
S
2 0.045
s
8 0.040
5
S 0.035
=
(=2
= 0.030
0.025 +
L 1 I 1 L 1 1 1 L 1 1 1 1 1 1
0.05 0.15 0.25 0.35 0.45

Ma
3 ERK IV JIETE e A IR R Uk HE
o 258 20T AU K BB X B (T, =600 KD
Fig. 3 Comparison of lean ignition and blowout
performance between evaporating Z-shaped

and thin-film evaporating flame-holder

(T,=600K)

2.2 HimEH
B 4 7&K R Z I K IG T E 2% BT sl FE
HAE 1) A F W= B R R R EE V,,



BRAG FE RN Z LI KT E & 1 s K PERE 1461

(c) T BhiES3 7R, X=0 mm

V. J(m/s)
130

1000

(d) {ii S AESM i, X=37.5 mm

B4 785K 20 KO R E 4 U Sl i A

Fig. 4 Flow performance of evaporating Z-shaped flame-holder
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Fig. 7 Expansion of flame kernel at various ignition positions (&, =2.0)
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