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Numerical study on the mechanism and characteristics of coaxial jet

atomization in central staged combustors

ZHANG Qun, LI Hanqgiong, XU Xiaochen, WU Rundong, ZHANG Haomin

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710129, China)

Abstract:

The gas-liquid coaxial jet atomization has significant applications in advanced aero-engine

combustors. A simplified model of coaxial jet atomization was designed, which adopted the VOF-LES
(Volume of fluid-large eddy simulation) method to numerically simulate the atomization process of a gas-
liquid coaxial jet under the pressure condition of 2.7 MPa. The influences of airflow velocity and fuel
supply pressure perturbation on the atomization process and characteristics of the liquid jet were
investigated. It’s found that with the increase of airflow velocity, the liquid jet broke up more quickly, and
the SMD (Sauter mean diameter) decreased significantly. However, the impact of airflow velocity on the
atomization of the liquid jet diminished after it reached 140 m/s. The influence of fuel supply pressure
perturbation on the jet atomization process was relatively weak. When the amplitude of pressure
perturbation was between 3% and 5% of the fuel supply pressure difference, the atomization of the liquid jet

was improved.

Key words: aero-engine; central staged combustor; jet; atomization mechanism; atomization

characteristics; airflow velocity; pressure perturbation
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Table 1 Basic physical properties of the gas phase and liquid phase

R HlE Hfiy
SR (Ps) 345 kg/m®
AR BE (PL) 848 kg/m’
SHFRE (M) 1.97x107° Pa's
TR (M) 0.002 4 Pa's

2 SAHME O E
Table 2 Gas phase inlet velocity settings

TH HfE Xl
1 80 m/s
2 100 m/s
3 120 m/s
4 140 m/s
5 160 m/s
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A St it 2 10 Kb it fan . B 3 6 i ik 5 AR 1 1Y) 52
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HR o AR VRO (1 [543 45K £ =43 000 HzfiE , AF T
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Table 3 Liquid phase inlet pressure settings

TH H/kPa A/kPa

7 ®
6 500 0 -

7 500 5 0 270 040
8 500 15 0 270 040
9 500 25 0 270 040
10 500 35 0 270 040
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Experimental study on combustion performance of
centrally-staged swirl combustor

ZUO Shihao', SHAO Yanbo', ZHAO Ningbo®, YAN Yingwen'"

(1. College of Energy and Power Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China; 2. College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: The effects of different gas supply schemes and with or without flame tube film cooling on the
combustion performance of gas turbine centrally staged swirl combustor was studied by experimental
method. The results show that: 1) The film cooling treatment can significantly reduce the average outlet
temperature and deteriorate the outlet temperature distribution; 2) Both the fuel-air ratio and the air supply
mode have a strong correlation with the combustion temperature in the flame tube space. When the value of
the class equivalent is relatively large, the combustion temperature near the middle area is higher; 3) Compared
with the main combustion stage, the local equivalence ratio change of the pre-combustion stage has a
greater impact on the NO and CO concentration at the outlet. 4) Compared with no film cooling, CO
emission increases significantly and NO emission decreases with film cooling.

Key words: centrally staged swirl combustion chamber; gas supply scheme; film cooling; combustion

temperature; emission; combustion performance

158 SENOATE RS 20, Wi, R
RN IS P B i B DTS ke R Ay 4,

Z— AU T B R BER T TR
AHEAE R AR RVE = S0 REE
BREEHLA R RSO REL . B, B AR L
i AR A ANWTHE I SRbE A T ) AR EE AW T

Y #5 B A :2024-04-01

TR, A [R] I A2 vl T AR T e HE L A 5
oK, G o AR TS TR BE = O BF 5T Y SR T AR
AT SRR B A R A PO TR GRRNRO BR
BETURGR I E XA 1O 38 3 KRER B8 S 1 e

EE R AL HEE(2003-) , B LRUE IR W05 A, 2RSS B SIHURBEH AR TS
BIEEE BN C(1978-) 5, 207, A S0, it FENFNE RV ER IS . E-mail : yanyw@nuaa.edu.cn



534

FEMBERE b I G TAR e ZE B E RE LI AT 11

wE AR 3 XA i, H A BRI v O LA
[ X, TR A S I B kb X T LA
DyZRAS, HA A s i T AR, LIBEIRCOFUHC
AIHERICE , IR B 8 5 a5 ORI KM 5 A = T
F(30%INHR UL )T, AN ERAGOR: [ Bt
TAE, SCEL T R R S HE R B ERE L g
JE A B B BT 3 T HE L 12 3l o3 PR e I 45
A, B E T R BB R S SRR A LB DL AR Bl
FErk ST R B A R AR ) . XA RIS
AR = TR BEAR T RN AE, 1T HL A 25008
TR ST R A B T R T H 25T AR 1
IbRifE

BRI R N AMIFSE N BT
JT R T AR, RN ORI A
RURGE 2 F-AT T SR IS, A IR i 7R AR 28 ST
LA T IR BB A R AR E A = 2200 1 KA
G 4 AT B ROk T 400 3 1 (Particle
image velocimetry , PIV )#fF58 & B, XF F HO 0 SR
B, FRRYCRTETL KA, BRI i 25 s
I B 13 X 0 32 BRI AR T o
PR L S PR B A TR IS, &
WP B SRR LA BG N, KT ) s 2l
P NETBEAR T, KA T B5 % I 1) Dk Sh A S 1 fig o
7 FEE s T ) SIBEIRR G, S EUS R =
DA (149 Fs 7 iy, B AR il i 1 2 K

GE/A A By XU JEE TR i i # ( Twin annular
premixing swirler, TAPS) RFIALEE WK L 43
PR T 58, UG T 0 R . TAPS
UIRT5 G R b He AR E B i H T GEnx R 31 & shtll,
TEINFRUELTOE IR T, NO i 42 C AEP/6 41 1 [
fIK T 40%~50% , [F] i CORTUHCHE UK -4 CAEP/6
FRUEARS0% LA L fit il Ry S i e SE i i RS
P BHHL T B R T TAPS 115 % 75
TAPS 1J5 S (AL EabAT 1 ocsk ., —Jy T, i 2
HE FBRYE R AR O BCR A W e A Ao, It
KL E A UM R AR, 5
—J7 T, 38 5 O RGBT, 75 E AR
B S AR R TR AL, s A
s A TR IE | 5 R 2 S 8h i3
BRI B AR RS 23 S TR A RO T

AR TAERRAS TiEZ BRI R 5 0
ST TETARE N IRBE AR B 5 D5 3 (4

FENOMCO) HEMCZ B NAERR F o e, AR SCLASE
BREEHL L PR E % TSR R 1 F
FE T AT 2R O TR e X =
s TR BEIR 5 1 CORINO HE A 52, 1] Sy
MR TS R = B HE S %

2 ARMNRERBE RS

2.1 R

TS G R FEIRTEE AL O 3 e T B AL AR
=L R . 2B EE K324 mm, 5129 mm, %
A9 57 X R e s 38 FLE VL 2% 70 A TR
Po HL T PR be = S AR TE T a4 1E AL a0
K12(a) 7, BETE 8 R P SIE Tt i, TR/ 4%
RO R AL R0.176 , AR AT B84 R, it %
B NA0° , FIRGAT B 16/ F 288 £
38°, JiEiman LI T E AN 2(b) B |, e i A B
MR BT 3 F GBI L, B e 7 3R A4S, A0 Tl
RO PR AN IR . g BRI

X z 129 mm

324 mm

BT e i

Fig.1 Combustion chamber model

(a) e a IEAL A

K12 o R AR 2 Sk T e A T LA A Y

Fig.2 Geometric model of swirler for centrally staged swirl

(b) Ji@ U s o i ]

combustor head



12 A BRSO

374

LIS B R KAE R HC S AT HURRR s T
BRIURN EIRIP el /LT SRR
S HATIUR P IR, RS AR = AT
TOMPRSRGE , B ARBRPEIR B, T8/ D3 1 RINO
AR
2.2 B EMERIBRG RN RS

BRI e = APt BB I IS A IR T
AT IR RGBT , B R RRHILN R 48 2
SHER R GE AU BRI e B A R R 4l
4199.9% 1 HHGEAVE ARk, B B SR 111 2 28U
W | P e It 22 3 B HE AU B, O S SO o i
FLWEH , FIBR AN FRR Bt S PTG E i i
FLmgH, H b i ad 1 | AR D07-60G 1Y H o Jii 1 i
ST 2% , I B /NI A e 4
F R AL A 1 28 R B Btk A Tt 38 A i U
B, A RN A 5 e AR I FLIE L Y e
HATIRA , A KIAT NS SR, 25 Uit i 2
FUAR T T HI E, A 0B PR T R R = | R
958 25 RGBT A SR FH A B 38 35 DU T A R e T
A, JIGRE LT RERE R 2 EA RS, 43 5N H
AV FIRFNTC SRS HAR I KA T (14 584
TCAMEA ENI N T 3T BE A e B2 7 R EL ( 2 22 00F
5 3T BE T AR TS Y COA LA I ) X Bk be % 1
HCOHERL A REMm o A SV FIAR A IO 1 n (51 4
(b) Bz, SBEA ENFLAT I ) 1) S22 I HE A, S5k
ST ) K30° o

FEA KU W,
I
CH, =
[CH, |k

K3 L AREEI IR bE A0 R SR A
Fig.3 The schematic diagram of the single-dome model
combustion chamber test system

23 MERS

XA e 2 H LR AR N T 2 TR R i
AT TG AT EEP RS R A i
O, 57 EZEVEN AN RIS RSO B X KA
23 (AR IR B A A, DA T 23 B X e i J ) BINO
A= L2

KA E AL

(a) TCUBL AAL (b) AL HIAL

K4 Kot fa b RETE
Fig.4 Flame tube upper wall

231 HORENE

PRBEE Y R B RGNS R . [l5(a)
SIRAREERY | T RREE S ) F SR AN Rk
AR mm KA AT IR . R AR &
JE 7 1] A AN A5 FE L F S BE D e A ) B8 B 34
N R v e o I 1 = W EA W B e TSR v
SAATINEIS (b) R, Her xRos B8 2 10 J8] 1] 5 i
YRR BRBE AR ) e B S 2k 15 SV A
AT 35, FH A P00 B T R oA . KA
T IR -200~1300 C . KA R AR E
P BN S v AR LA S G R BTG | 2 )
D158 2, — ezt R T o o A v A v T
R, SR R G XA A B AR BN
R RGN R T 2RI B S
/NRZE A 25 R B E S
232 ZFEBENE

TRIS AT SO SO 3 (Tunable
diode laser absorption spectroscopy, TDLAS ) R4 X
155 UMK 8 3 KNG BT PN s T) 8 58 Tk 3 A T o
TDLASHAR HPE A AT IR | 78 2k v 1 SR TOE
AEREUR , SEIRGTSAARL 5314 55 4 BE RO
FLFGIR B AR E SR Hm o Gis o pefl
BB i PR AT £k, T A AR TR O
T TP, DA TE S B ] AN 32 R S AR R Y
M

TDLAS 475 [7] it B2 I 53 78 KR BT Sk AR B IX
0, P VAR 6 T o P 6 2 R A Y il ) )R
1, Point 1f1Point 294 = BE X FR A B, Point 3HIPoint
AT JE KA, Point SAbTFHr R Lo R



34 et BEAE PO I R be FE R bEPERE B AT 7Y 13

50 + L] L] L]

g

E0 L L .

=50 F . . ']

20 10 0 10 20

X/mm
(a) T 7ELAE (b) I 5 A7
[K]5 JAGE S Y 101 IS T 2R 50
Fig.5 Outlet temperature measurement system of combustion chamber
60 F B O 22 Fl s HH AR 5 IS 25 7E 1% LN il /£ CO
SNOM AR 2K
Point | Point 3
s} e 24 RBTR

BT IS TR R A5 il R <o E
£ of ® Point 5 SCIMA ML FAR N W B o i i 5 2= U R i i 2
Foo FZ0 0 7 ANENm A A To B A0 JCHa
S0 . AT P2 IARERIRE th 05 e R O . ik
£ THL AR SHON R IR . R T ORIER <
60 R WABE % BERUR AL ARG IR 50, F )

160 200 240 280 320
zZ/mm

0 40 80 120

6 2 Al B 5 P
Fig.6 Space temperature measuring point diagram

T2 A E SR I X R A 22 [ R T RO
FERF-3ME . TDLASHLEE B A S k40N 770.3,
TR N 27 2 500~2 000 K (78 37 37 8 B 7 e I
Y87 18 S 90 2 B I 1 Y L O EL ORI AR O 5
25) , 5 1R A U A S A L IR R T R
#<5%,
233 BRSNS

FEJCHE T I B A BERAEATR % RS
HEATRAE , IE4 B B R S0 28 IR AR & B
23 (CAEP) bRk 2T . SR T
AR HLLT A (NDIR ) Ji F AT e 4G 0

PR I A MR R L, E24
FERE AR A5 I ) BRI R A ARG B 5 .
P A AR TR A S AR T D S R IR R RS e 4 o
T P BE B A3 B A AR T AR UEA 2R e 25 .24 hiN

BHIS R N8 g/s. M EAYZS S HiE 168 gfs,
JRUE AR H TR M2 SO 3N 17 12%,
{ESE2FP 45 T Bhbe s A A ]

x1 A THR

Table 1 Test conditions table

. e/ (g/s) WA

. 2R BHRR ye—
(efs)  RAgs) thigg Fikker ey o o B R
g B FME T

1 150 18 01 176 0 0012 0011
2 150 18 0.1 1.76 1.84 0.025 0.022
3 150 18 0.1 1.38 1.84 0.022  0.020
4 150 18 01 138 224 0025 0022

3 IREERST

3.1 NIEEEEMEIRE ST
FIHITDLASAS 1) K A faT N 25 )RR WL E 4

UNE 7R . H FPoint 141Point 2  Point 341Point

4X U ORI B XIBRIM , 4R T80 K Point

1 FlPoint 29 FE#E M 4T , Point 3F1Point 47 i 58



14 A ek S EE $37%
e E— YA e ST FORARGE , SRR T (. R T
1700 D FIRHITRIRGE RGBT BUE A KA TR N
1600 - —¥—Caged 23 (ALK IR BE AR . K IAHEF 2901200, KAATTHY
1500 - WA D By, (R AR X AR o B OB T Tk e

= 3 SRS ML RR BT A 0 X,

FENIX o JTEef P2 0 R DL S PR EE

1300r »\\\< i 20 (Outlet temperature distribution factor,

1200 OTDF) KoMk = i iR EY . OTDFiTH A
N0 T Poimt2  Point3  Pointd  Points AR

P72 (a3 A 2 2R

Fig.7 Spatial temperature distribution results

NFET ; MAPoint 1(Point 2) Point 3(Point 4)%|Point
STRLE 2 TN, HdhCase 1 FREBFEAEH I 5.
X A& FCase 1245 /N, HAER N BUARAMLT, £1
HMEIRFEPoint 1 fiTPoint 24b %33 T KM T, T 20K
BN PHRER . JI5034 T M IREWA RN
WA T %, Case 2%Case 484900 T 24 4= 1, =5
(LR B A PR R e DX el ey TR R 45 07
TN (A BE A A 5 R 52 2% B AR AA 3R B 25 ) 43 A1
T3R5 i LA BRI A G . Point SHEITH HL
B TR B REMIR G 7851, M B Ak Case 27
JE 1 TCase 41  Case 2F1Case 4.5 Y& HLAHAE],
Case 2FMRICY LK. ULHAHFY & R A
ARt 265 T O 2 (B9 B2 AR 5 e 5, R
B B N R 8 s e [T T =
32 HOREST

T T R AR AR DS 2 S TR TE TC B A
T Case 219K KA AN I8 /R . e TEMRbE % K

1400
1300 /l\\'//“
1200
y —a— A
@ 1 100 / —o— HENEAH
= . /\
iy
= 1000

900 \. /

800 J/

700

Case 1 Case 2 Case 3

(a) R P

Case 4

OTDF = T4max — T4ave (1)

4ave_T3ave

A T P Taave 73 01 AR08 28 L1 1 114 5 v 2k 2
SRR, A AT ; Taae A HARE 28 0 1 F- 24 i
B, R il

A IR HNET, 45 TN E ) DR 43
MAEIFTIR . FETCAER HBL AL 2 T
OTDFYJTE0.2LAN , LR EE S 40 AT B 3415 o X
EeaFp TO0] LUZ I, BRI R0 2 £ exof s 1
AT — % 152, 75 0 A FLEE A B TDL A SIS Y
FRHEE—3], Case 2% Case 1 KGN T FRRILIRBHMIL
2, R BE KR BEHE T ; Case 3% Case 2F#AIK 1 i

K8 Jkbe K ta

Fig.8 Combustion flame

0.22

0.20

—a— A
OI8T o gy vy

L
o
~
O 0.16
0.14 . \
\
0.12 5
Case 1 Case 2 Case 3 Case 4
(b) OTDF

(19 HH B R R B 40 A R A
Fig.9 Outlet temperature and OTDF



534

FEMBERE b I G TAR e ZE B E RE LI AT 15

IR BHILES | B IR A T R B ; Case 4% Case 3
BT FRRGUEAMIE S, | B FHR BT R . A R
FERIE , Y a TR Y R EE 1Y 2 &R 4%
T Case 1245 /N, R 5K, Case 34 [t
K Z ,Case 25 Case 4245 i K, HIX B 7E T ik
95 FIRGL ORI I 4T BL , Case 209 HY F1 IR BE W
& FCase 4,

TER SR PRI 4F TO0F OTDFY
JITgn,  CREE R AR 2 | BUR s IR R
K300 KAEAT o X0l FRAIAM B2 iy
T 12%, 3551168 g/s, SN AT E R FHR RS
SEMAR/IN AEXT H CFER B AR K . R H1 < b
A R E R B, BB IR Wl R
WG — e R R T IR EE S S,
FLEAS R TR
3.3 HAGHHERERE
3.3.1 HOCOHE MR

4Fp T O H O COMBEEIE 1 0FT R . i34
HIWIRAET , 5 FRAHRPE IR TR 5G| T2 AR
b2 RN HCRARA . RN ANE T, ECOR & = 2E
(IR A COHET 2B Ytk LU ARG i i R A1 o

0.35
0.30
=Y
% 0.25
e}
@} \/ \n

0.20
—=— JCRER A
—o— AU
0.15 i i
i i
Case 1 Case 2 Case 3 Case 4

E10 H A COoHE L

Fig.10 Average CO emission at the outlet

FETC VR HI BRI S H  TDLAS S5 # i fH
WAS R R 78 L B 0 i 1 9 B2 55 COHE S 3544 A
. Case 2 COHERU AR, HIX £ Case 4, Bl )5 /2
Case 3,Case 1/COHFURE . Case 27ECase 179
fitlh b KR BERE N T FRRG A F e ik i, £ SE A DA
B EE KR BE RS I, S BOE 2 1 COZ 5 I A= 1
CO,, it H TTCOVR BE R ME FERFIK ; Case 3% Case 25%
I T TURAGE H B i i, 15 FURR I Ry R e Tl B

[, T COMEEE | Tt ; Case 445 Case 33T TR
FR e, DR R T COMR BE/INIR B[R AIK . X L Case
13| Case 4BABMILZG AL AT UL R, Case 15 Case
2FMRG AL B BIELG1.84 /sy HI B, th T
COM i FR#0.136 6%, iMiiCase 2%|Case 3TiAL: R
SRR R, 176 g/sRRAKEI1.38 gfs, T COM
FE LT 170.130 6%, B AT UL, FURAGR eyl X 1 L AR
FEXF H T COMR BE A SZ M AH b TR BR R 5 24 i b
ARAEXT T COVR BE B 52 5K H 52 M AL AR ]
COH MYk B F Rt 2 i U RO 39 i i RaAI

AR N COF- 2k B 18 KT TR R 2
FFCOFH . FmCOE i H— A EENE R
N T BE TR B30 A TR 10 A A I KA
AT BE T BT 3T v 20 SRS K A Sy KO e A R
J, COAE CO Mk 2= R N Bk VR4, B 7 COS™
Ao FECase 1B, A3 TCMERHEIXT H 11 COME 22071
R/ X T Case 1 H AT WA AL S H e <, K
SEAT D TR, KA TR EE T LT K, K
JERR RSB EIEME RS , K 1 COHERL
MHZEAR K, Case 24HE FCase 1 K KGN T FIR%
BRORHI LS A TC R T H COMR 2 22 =]
R, i T RGO 2s | SE 1T JOHA o BE T T
FEAE KN VSRS BE T OB TERIE, AR K
CO, Uh WA K A fa7 BE TR VAR XT th T CORgma AR K .
Case 3HH4% TCase 2[% MK T BURGBREIAG LS A G
SR HIES Hh 1 COMR B 25 il Case 20 FEAAH{LL , iX
A K Case 2f1Case 3 FIRBMRBHMILZA PR FF ANAE
LI F T ERALLE 5 | & B 5T R TR BE T AR HE A
FAXTCOHE WA . Case 44145 T Case 3 X HE N
T RIRGIERL R A IO IBEA A O COMR I 2=
SEURSER N, Ui R ERRGOI A LR, KT
BE AT ARKEAE TSI 2., th D COHEttb i £,

25 LTI | KK T RE T AR HE IR G 2 BE 1h1 A B
KECO, H F 37 FRRGm A L2, RS
A HERPBE T AR COAE A TR o
3.3.2 HONOHERMEE

AR T PR E O NOWR EE In i 11 BT
No AEAP AL EEALFEI NIRRT RINO
BRI EINOFIAEHEINO 2 | S HINO 37 ke
BN , HL 7 AR R P AR IR B A T e
BEOEK . PR AINO R E = A4 Tk S &Y &
e R BRI & BRI, P AR AR %



16 A BRSO

374

PRICR FHZD M TR A B R IE 2, BBk BINOA 5
B BOBHINORY 7 A 2 i TR A B R AL 7
WRBR R v i A B AR SO T AE BN O, AR B ARy
H e, O B IARIIUNO . [RIIENOA: i =B % &
PAIRINO, M BINO- SRR IE A

1 TDL A SHIHR L A8 53 501 I A5 A 08 e DX et
RS YA Tease 2> Tease s ™ Tease 3™ Tcase 10 it
FEAR AR S 1 R INOHERR A — 2, anf&l 12
JiiR. TR TTALT 1 FP343R B S5 NOHEL
AR — 35 A A BT i X —

0.002 2

—a— FABLA
—o— RBEEH

0.002 0
0.001 8

X 0.001 6

i
% 0.001 4
o)

Z0.001 2

0.001 0

0.000 8

0.000 6

Case 1 Case 2 Case 3

11 T EINOHERKL

Fig.11 Average NO emission at outlet

Case 4

0.002 2 :
0.002 0 - zo‘ﬁ’i 1130
0.001 8 \ DR 41300
2 0.0016 1250
g 0.001 4 11200 n%_(
2 0.0012 —_— =
11150 =
0.001 0
0.000 8 / 11100
0.000 6 11050
Case 1 Case 2 Case 3 Case 4

B2 TR EI AL T th HFE i S NOHEL
Fig. 12 Average outlet temperature and NO emission under no
film cooling condition

FETCBER AN TOLT X hCase 18]Case 4144
RIS AR AT DL & PR, Case 13 Case 2 FHRBMA
BEAARRL B2 1.84 o/sHY 4 NOMRE L i 1
0.001 42%, 1M Case 25| Case 3FUR H b H 2/ )M
FETR I (1.76 g/skEAEFN1.38 g/s), I ONOWE T
k% 70.000 87%,Case 3%/ Case 4 F#RH M AEZ51.84
g/s I PR BERE TN 452,24 /s g5, T HE ETNORY

BERAR /N G LR, — T e i B B RO S K
Z , 7 — i FIRPOE T TR b=, ik
TR ot 8 R PR TH A BR . R L, TR
SR Y AR AR Y I NOWR RS20 AH L T 24
G S E 2 H L AR AR H FTNOWYR R S B B R (]
SN HLALAR A, ) CTNOYR B Y BE 24 5 FL A3 i
GG, A S EI i 2 R

Xif HEA TCSEA HIEE S CINOHER B & B, A<
JEEVS EIE H ONOHER /N IE SR EIET . X 3
BUE—J7 T8 AR EA G B AR G, 3K
KN T R e T BE A I RIS, RO RIN O A= B ot [
8 53— 5 T, TV AV R R A5 ST R N
12% , BV KA T NOA: i AR FFANAE | HE CINOHE
2Bl BRI

4 it

XTRREEHL O I PR T E R RE U T
TR, EEHT TR S0 =0 TR
FEYS X JCHA TS NRRBEIR FE 0 IR BE 4347 L s
e (CO NO)HERL R . FEZEBIF .

(1) SR EIRLHRT 5 25 AR 10 S 34 0
AR TR BE S A

(2) A AR AR S Ty X K T 2 )
BRSPS A7 7 A BRI, Y TR 2 i LR
I, 0T H ) DX IR TR B o

(3) FHELF IR, TR =38 24 i LA A %)
H INOLA R COMR B (I R M B K

(4) AT IR H AR ZECOHEKL
BRI NOHERU AR .

SEH

[1] 3 M8 ARV POETITRI TAVAZR[T]. 25l
¥,2013, (11) :52-55.

[2] RHEE, R&FE. s id TR AU R
FURAR TS IR AR (1], fiiss 3 J1244), 2015, 30
(9) :2049-2057.

[3] ® 5, 0RFE 8AE & MESBEEIM]. dt
50 AU LR K2 R, 2009 - 333-350.

(4] Bl TR, XIREE. SHeEmashbe s i isE s
AR ST [ T]. WA 3 J15 4k ,2007,22(4)
554-558.

[5] MRZEA Msra, B 5. R RS AR T RN,
S RRAIT]. iz &shil,2021,47(4) . 72-81.



NASA environmentally responsible aviation project
develops next-generation low-emissions combustor

technologies (phase 1)[J]. Journal of Aeronautics &

5534 LSS O A B T b = R AR IR SR AT 17

(6] Hzhih. POATIREHRA b STt [D]. 1T Aerospace Engineering,2013,2(4):1000116.

TR KIENEF R 2020. [14] MONGIA H C. TAPS:A fourth generation propulsion
(7] Z=3ee, 8 W OMORZE A5, MBI ECT hao sy combustor technology for low emissions|R]. AIAA

GURPeEIIANHEI[T]. fias ZEHL,2018,44(6) 2003-2657,2003.

50-53. [15] International Civil Aviation Organization,ICAO Engine
[8] MEZE,%w W, B B PO gbbes BRI TR Emissions Databank[ DB]. 2015.

NEFIBFR (T]. Aizs 37,2018, (3) :41-44. [16] FOUST M J,MONGIA H C. Method and apparatus for
9] £ 2£.,%F& #.,8 . 3gUEnsSsa< etk controlling combustor emissions[P]. US Patent,

XFRABEPERERY M [T]. il A BhHL, 2024,50(2) US6418726B1,2002-07-16.

65-76. [17] FOUST M J,MONGIA H C. Methods and apparatus for

[10] Mg, 5k o, HEE . PO SRR E mixing fuel to decrease combustor emissions[P]. US
% '5}55)( FurgE U] JEm S LR KRF2EHH], Patent, US006484489B1,2002-09-26.

2023,1-11. DOI:10.13700/1.bh.1001-5965.2023.0352. [18] HSIEH S Y,HSIAO G C C,LI S C,et al. Air-assisted

(111 & B RGP, 2RI, & P SR — - fuel injector for mixer assembly of a gas turbine engine
DIASFHESIRAISE [T]. HEREH R (AREER), combustor[P]. US Patent, US20070028617A1,2007-
2024,64(1):99-108. 02-08.

[12] s .4 W& WK 5. RGP0 gukbe [19] BAHR D W. Technology for the design of high
RIRZ B IR Z 0 GEET]. HEssEk temperature rise combustors[J]. Journal of Propulsion
2F25 48,2024 ,58(3) :304-311. and Power,1987,3(2):179-186.

[13] CHANG C T,LEE Chiming, HERBON J T,et al.  [20] SCHUTZH,LUCKERATH R,KRETSCHMER T, et al.

Analysis of the pollutant formation in the FLOX®
combustion[ J ]. Journal of Engineering for Gas Turbines
and Power,2008,130(1):011503.



37 % 3 SR (oA nW STl Vol.37, No.3
18 2024 4F 6 H Gas Turbine Experiment and Research Jun., 2024

NGRTEIR 6] 57 R PRIR = 37 FF 15

MR B 3 EAHE" B E2 R B2 k4!

(1. MR BBIR S 30 124 0e , B At 210016;
2. W& U R SR B R 9E Be , IEB. 610500)

W OE. BEXEE T — OB AR AR 1) S R e i R SR R RGN S S e 1 T 2 R AR A (R R R
(1.5%~5.5%) T iR e 2 A [vi) R i) 48 TR 1) 6 T _L W S 4540 Tk T T 0 A DI X AR o (I 2 SRR B, R
B ZE AE M TR I TR TR 1) 88 5 0 1) 30 1) = 4108 R 5 FERRGUE T 4 J5 P BE MR8 T 3% 5 v [0 3 DX 3 [R] 440 B = 4
AERESH ; M5 FRRGUR G AL SE P ERG . WE BRI E R BRI, KRN
F3.5%H0F , e T A BERE I B om0, M SRR ZAMER Y, 5 BB IRECN FME KA NS &
VAR EAEF R T3, 5%, HE Tt 28 e s 55 , M S — W S e S M EAE R, M R R
TRAX RS o

KB . RIS RIREEE s BUREE  TRAHRHIE ; 18 REEH BT GRS ; 2 & sl

hE4S%E.V231.2 ZERFRIZAD . A XEH/HS1672-2620(2024)03-0018-09

DOI’; 10.3724/j. GTER.20240024

Characteristics of flow field in dual-vortex-controlled
radial staged combustor

HE Xiaomin', GUI Tao?, MAO Xiangchen'", TANG Jun®, ZHANG Wei?, ZHANG Jingyu'

(1. College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics,
Nanjing 210016, China; 2. AECC Sichuan Gas Turbine Establishment, Chengdu 610500, China)

Abstract: In order to study the flow field characteristics of a newly designed dual-vortex-controlled radially
graded combustion chamber, a combination of PIV tests was used to obtain the flow field structures,
streamlines, flow velocity distributions and return zone characteristics of different spreading and streaming
cross-sections of this type of combustion chamber at different pressure drops (1.5%~5.5%). The results
show that the combustion chamber forms a three-dimensional vortex coupling the spreading vortex and the
flow vortex in the concave cavity; the externally rotating helical flow field after the cyclone of the main
combustion stage forms a three-dimensional vortex sphere structure together with the center return zone; the
concave cavity and the flow field of the main combustion stage couple with each other under the action of
the main combustion orifice inlet. At the same time, under different pressure drops, there are two flow
regimes in the cold flow field of the combustion chamber. When the pressure drop is less than 3.5%, the
cyclone rotating airflow is significantly stronger than the concave cavity airflow, and the concave cavity
airflow is pressed to the outer wall and outflow, which is difficult to mix with the main stream, and interacts
with the main stream in the downstream of the flame tube; when the pressure drop is more than 3.5%, the
cyclone rotating airflow is weakened, and the concave cavity airflow flows with the rotating airflow and
interacts with each other, which is relatively easier to mix with the main stream.

Key words: radial staged combustor; dual-vortex-controlled; flow field characteristics; vortex structure;

particle imaging velocimetry (PIV); aero-engine
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Table 1 Combustion chamber flow field characteristics test

conditions
Case p3y/kPa T5/K JERE%
1 113 300 1.5
2 113 300 2.5
3 113 300 3.5
4 113 300 4.5
5 113 300 5.5
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Fig.6 Structures of flow field, streamlines and velocity distributions in different spreading

cross sections of the outer ring concave cavity
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Fig.9 Effect of pressure drop in the spreading section on flow characteristics
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Fig.10 Influence of pressure drop in the flow cross-section on the flow characteristics of a concave cavity
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Fig.11 Influence of pressure drop in the flow cross-section on
the flow characteristics of a main stream
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Effect of methanol injection on the combustion
performance of the main combustor

LIU Darui, YAN Yingwen

(College of Energy and Power Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

Abstract: In order to explore the effect of methanol aqueous solution injection on the combustion
performance of the aero gas turbine main combustor, the inlet conditions of the combustor after injection of
different methanol aqueous solutions were calculated by iterative theory, and then the influence of different
methanol aqueous solution parameters on the combustion performance of the aero gas turbine main
combustor was numerically calculated by FLUENT software. The results show that the injection of
methanol aqueous solution will reduce the overall combustion temperature, and with the increase of
methanol substitution rate and water content, the maximum combustion temperature, average outlet
temperature, and combustion efficiency in the combustor will gradually decrease, and the NO emission will
be significantly reduced. Because the total calorific value of methanol and aviation kerosene is guaranteed
to be equal, the overall difference between the temperature rise of the main combustor is small.

Key words: turbine-based combined cycle engine; combustor; methanol solution; kerosene; combustion

performance; numerical research
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Table 1 Design operating conditions
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Fig.4 Heat transfer between methanol aqueous solution and
high temperature air
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Table 2 Inlet parameters of methanol solution with 50% water content and different methanol substitution rates

R % R (ke/s) KR/ (kg/s) BT (kefs) AR/ (kgls) IRREK IR AT 2 S

0 0 0 0.011 04 773.15 0

5 0.000 564 2 0.000 564 2 0.010 721 5 0.4 766.15 0.002 82
10 0.001 158 6 0.001 158 6 0.010 428 2 0.4 759.15 0.005 79
15 0.001 785 6 0.001 785 6 0.010 118 0 0.4 751.50 0.008 93
20 0.002 447 9 0.002 447 9 0.009 792 0 0.4 743.19 0.012 24
25 0.003 148 7 0.003 148 7 0.009 446 1 0.4 736.15 0.015 74
30 0.003 891 3 0.003 891 3 0.009 079 7 04 727.50 0.019 46

3 HIEEEEAURN 15% , AR 5K 04 FH B K IR R E 1 250

Table 3 Inlet parameters of methanol solution with 15% methanol substitution rate and different water contents

FKE Y% H R/ (kg/s) K/ (kg/s) R (kg/s) BRI/ (kg/s) TRREEK TRATW G 2 S
25 0.001 785 6 0.000 595 2 0.4 0.010 118 0 760.4 0.005 95
50 0.001 785 6 0.001 785 6 0.4 0.010 118 0 751.5 0.008 93
75 0.001 785 6 0.005 357 0 0.4 0.010 118 0 726.4 0.017 86
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Fig.5 Comparison of temperature contour maps at X = 68 mm section of the main combustion zone with different water contents
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Experimental study on effects of nozzle layout on response of
bluff-body non-premixed flames

ZHAO Yan, LIU Yong, ZHAO Hang, ZHANG Xiang

(College of Energy and Power Engineering, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

Abstract: Due to the high energy density, inlet velocity and temperature, and uneven mixing of fuel and
air, the aero-engine afterburner is prone to combustion instability. The afterburner features a multi-nozzle
configuration, where the nozzle arrangement can influence the heat release rate distribution within the
combustion chamber, thereby affecting flame response. A model afterburner was taken as the research
object to study the heat release rate response characteristics of bluff-body non-premixed flames with
different nozzle numbers and nozzle diameters. Acoustic excitation was applied to the flame using two
loudspeakers, and the velocity fluctuation was measured using the two-microphone method. Heat release
rate fluctuation was measured using a photomultiplier tube combined with the CH* filter. The experimental
results show that the change of nozzle layout has a significant effect on the heat release distribution within
the combustion chamber. The flame transfer function (FTF) gain shows a typical double-peak feature. As
the number of nozzles increases, the peak gain initially decreases and then increases. The frequency
corresponding to the peak has a tendency to move to a high frequency. However, the system time delay
remains largely unchanged. With the increase of nozzle diameter, the FTF gain initially decreases and then
increases, while the system time delay increases.

Key words: aero-engine; afterburner; combustion instability; bluff-body flame stabilizer; nozzle layout;

flame response; flame transfer function
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Fig.6 Time and frequency domain comparison of combustion chamber pressure, flame heat release rate and excitation signal
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Coupling characteristics between transition duct and fuel filling duct
in a reverse-flow combustor wave rotor

HE Zhijun, LI Jianzhong, GONG Erlei, JIN Wu, YAO Qian, ZHENG Renchuan, FENG Zhan

(College of Energy and Power Engineering, Nanjing University of Aeronautics
and Astronautics, Nanjing 210016, China)

Abstract: In order to achieve high-quality fuel distribution in the intake transition duct of a reverse-flow
wave rotor combustor, a novel liquid fuel injection structure was proposed. Numerical simulation was used
to model the liquid fuel filling effect under different injection hole positions and jet angles. The coupling
characteristics between the transition duct and fuel filling duct were analyzed by combining parameters
such as droplet residence time, Sauter mean diameter and fuel distribution non-uniformity. The results show
that when the injection positions are at 40 mm and 60 mm, a relatively uniform fuel distribution can be
achieved at the outlet cross-section of the intake transition duct. With the increase in jet angle, larger scale
and stronger intensity vortices are formed in the mixing zone of the bent duct, which further improves the
uniformity of fuel distribution at the outlet cross-section.

Key words: reverse-flow combustor wave rotor; liquid fuel injection; fuel filling; fuel distribution; Sauter

mean diameter; aero-engine
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Table 3 Comparison of intake velocity and mass flow rate
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Application of multi-task learning method in replacing flamelet database
with neural networks

HU Changsong, ZHANG Teng, XI Yuru, LI Jinghua, YAN Yingwen

(College of Energy and Power Engineering, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To achieve high-precision substitution of flamelet model databases using neural networks,
residual neural networks trained by multi-task learning (MTL) method were taken as the subject. Integrated
with the fmFoam solver and targeting the Sandia D diffusion flame, the precision of the trained neural
network model was validated. The results indicate that the MTL approach significantly improves the
prediction accuracy of the neural network for flamelet database. Compared to residual neural networks
alone, the MTL-trained neural network increases the Pearson correlation coefficient of predicted physical
quantities from 0.999 0 to 0.999 9, and reduces the average relative error for the top 10 components by mass
fraction at least 81.1%. In numerical simulations of the Sandia D flame using OpenFOAM, the results of
MTL-trained neural network along the centerline and various radial positions matches those of traditional
methods, with only minor differences in the reaction progress variable source term. Using traditional lookup
methods as a baseline, the maximum relative error for the peak temperature and main combustion products
along the centerline calculated by the FGM-MTL method is 0.98%, with the maximum relative error in the
peak position being 2.37%.

Key words: flamelet generated manifold; multi-task learning; residual neural network; flamelet model;

machine learning; numerical simulation
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Fig.3 Computational model (left) and actual combustion image of Sandia D flame (right)
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Table 4 Numerical boundary conditions for the Sandia D flame

B2 Fuel Pilot Coflow Outlet Wall

U UDF UDF 0.9 zeroGradient noSlip

k /e UDF UDF 1/10 zeroGradient kqRWallFunction
p zeroGradient zeroGradient zeroGradient 100 000 Pa zeroGradient
z 1 0.271 0 zeroGradient zeroGradient
7’ 0 0 0 zeroGradient zeroGradient
Y. 0 0.295 0 zeroGradient zeroGradient

PRI%Y (User-defined function, UDF)Z455%E . it it 24U
K T RANSHIBREK — eBEARY A BE T R0
P37 135 4 5% F cellLimited Gauss linear 1.
bounded Gauss limitedLinear 1, Gauss linear
uncorrected 22 74 FUHEA T B, 0 U R A K A
R FISIMPLER A

K4 kK FHFGM-MTL 5 FGM-TABH 515 29
B Hd T R HFGM A R Ik 31
FIWEE R, MR HFGM-MTLIT RS2 25 8%
ATLAR I, R 2R ik a2 = UL —
B, Tk L 5 X )

KI5 A e e -t 2l U RET BG4
B0 B AE R LA K E] =) OH L, CO |, CO,
H,O HL BTt /-8 i oAl o WTLAR I, i gi e 3R

0.1 0.2 0.3 0.4 0.5
X/m

K4 KFHFGM-MTL5FGM-TABJ; ¥ 8 2 93 K
Fig.4 Temperature contour plots obtained using the FGM-MTL
and FGM-TAB methods
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Table 5 Error analysis of numerical simulation using the FGM-

MTL method
B2 FGM-TAB#ii{  FGM-MTL{H AN IR 22/%

EIER ] 202392 K 2021.86 K -0.10
KIGKBE 43.34d 43.88d 1.24
Youldefti 0.001 82 0.001 82 0.00
YoulfEfH 7 & 47.35d 47.63d 0.59
Yol A 0.122 03 0.121 92 —0.09
Yy oW (B 37.46d 37.46d 0.00
Yeo WA 0.111 58 0.111 59 0.00
Yeo AN # 47.63d 47.63d 0.00
Yy S 11 0.004 09 0.004 05 -0.98
Yo VEfH A8 33.71d 32.91d -2.37
Yool 0.059 84 0.059 46 —0.64
Yool A 8 34.25d 34.25d 0.00
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