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Research of Trapped Vortex Combustor Based on Ejection Swirler
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Abstract : In order to expand the flame stabilization scope of trapped vortex combustor( TVC) , the paper studies the effect of a
new ejection swirler on the performance of swirl trapped vortex combustor. The radial ejection slot is installed at the outlet of the
swirler to enhance the mass transfer between the primary combustion stage and main combustion stage. The numerical simulation
resuts show that the radial V—shaped ejection slot has an effect on high temperature gas division for primary combustion stage,
and the unique structure of the ejection swirler is conducive to the mixing of oil gas of main combustion stage and high
temperature gas of primary combustion. When only primary combustion stage is supplied with oil, the evident high temperature
zone of rear ejection swirler can significantly improve the flame stabilization, which indicates that the ejection TVC has even
better combustion features in different working conditions. At low speed flow intake, compared with conventional TVC, the
efficiency is increased by 21.81%, and the high speed air intake efficiency is increased by 11.89%.

Keywords : trapped vortex; ejection swirler; combustor; numerical simulation; combustion efficiency

- HIg AT .
0 3= T BE A

SR I T | B LR HE g R
B PEi B RO S B IGN RS 11 mema
22 BB NIRRT IO ICSEE $ IRz LT 50T IS O S A O R
7 I KBRS TSRS ) g, e RIS
IN S Ry PN R N N ik B T TR

s, 0 i : AT, ST SRR HORALS SBIREL RS,
I SR RO R T

S PR AR Ik B i = 41 D
YU T T f FE A RS 1R 2
R 275 R MO 3 5 , T ST T T
B AT R e e B T 4k
R T S B TR A B TR A (G
SN B BLE Vi 2 153 S e 2 2 Tk
SRS SRR B T AR T R
SRR, 00 B A 0 T B 1 B

SE—IEEE N IRIN(1984—) I3 WL EON  BYERBESE 0, 1t BF5E 05 i R A s Liss P REfEE )3, 15851863535@ 163.com,,

- 57 -



- HUHIE -

2Z9%,5F - AT AR5 09 BER KB B IRBEAF AT R

1.2 FEmEREEHSEY

WM A A EBIREE AR, AT —
Tl e o 2, AR 2 8] 3 R, ARk R AR
ARG S RRBE, DT 51 i MR e % R G
PR 3 A R o B B i o e KPS TE TR iR
W 3 JRUTED 5 RIS SR FH o A gt A b i ik
P 30 IR TE P T I 48 2 AR R R T XU &2 < )

B2 S|SinERssEiE
1—BEEAS LA 2— B AR ST  3—HEW AR 1
4— BV AS T ST 5— B Al .

E3 YRHEER

2 HERBITTEREIE

TE Fluent #X4F & I+, R H RANS iz Jy &
SR A AR SCHR A ST R R AT Fluent
BT T PRER 0 9 5 B k- T AR By RAE7E
30~300 Bl AR 2R -k i
PRAfERY SIMPLE S35 0K i, B 1A] 2 Bir s, =3 ) 2
I XU 20, X T B TR, SR 28 i B9 R A B9 H
WURLIE BT V5 o X T AR, 5 T8k 203 40
731592 20 BN T AL A 2 4 SN T — B L ik
B A% i ( flamelet progress — variable, FPV ) &
YT R X A b B A Ay vk AT
TG, UERH TIZBERAY T n] AN R be i
PERTREAFOINAE T, W] 3 T AR SRR ST i MR be
ELiEne

3 HESRESH

ARSCBAU T AN 1 B,
*1 BHHEIRSH
0] B e R

adl% bEWM  cBlE dWM
PR HELE/ (m/s) 6 6 10 10
BIhA 0.011 0.011  0.011 0.011
HPFZOMS L 0.023 0.023  0.023  0.023
FHRIIRIH
Vil (/) 0 0 0 0
ERZ R TS T
Wit/ (/) 0.50 0.50 0.83 0.83

- 58 -

31 RE#HS

PRFE ST 1 R 8 2 (B B 0 e U R A<l T A
B AT (] ERRGO SR A 2, 51 S e i 2% 5 = iR
PR e Al i B A, R T o7 UL R R, AR 4 B
7N KR B TN R ASCR BE B h | i
TR IR EE A, 78 EIRGOA M AIRAS T, AT LA
A dnl SO %5 80 (B BE 9% v R R RO AR 7%,
SR CH 5% 10 S A7 B oL 8 T A 44 O MA
R BE a5 7 B0 e i X8, A R T R
() AR DA B K ARG 5 T FUBE I8 B TR R e =
EIPEHR S FRRBIR A2, E 6 Frw , M 14
K RS T THE T 45 i T PR 3 % 48K
KRN BRI, K5 E 6 B T AR
WA be = M s K LGB ., JA S5 H IR L, TE %
AOBE IR . TR 7 SR T 3 AN a4 B AR
W&, A B .C 3R R 3% 14% 32% K
FATAT AT B, AT LSO 5 38 R R e I 4% )5 7 % %
TG R ) — 5 IS U PN S T
RS A W BE 17 1) LK R XS B AR i
R T 0 — 0] 5 R 5 1 A ), — 000 5 5 1) A
SRR B R — M 7= A R S5 4, AR
FPEVER, B imy iz g i A H A S SR Y e i AT
FERCR , 7E FIRRGGEA T, 20 M T = T
FK, BIREEHB R I, R XS M 5 —
MIRFS , 5 I e I BR b = rh JF A B X FR 2
T a FRRIX AR L85 i 2 3 A KA RIS B
AT+ AR 168 , 5520 T 350 MDA o TR <
AHIE , B R L VORI S N NS, R AR
PRI T TR, AR 2R H BT 2% 10 ERR XK
T, A E IR AT B IR MR . AR O E K
FaE R TR, T b b Sl [ THT s P e R A
IG5 R AR T X e 1A 76 2 v R B AR, A%
PAL TR .

Static Temperature

2.26e+03
2.06e+03
1.87e+03
1.67e+03
1.48e+03
1.28e+03
1.08e+03
8.87e+02

6.90e+02

(a) SIBHERAS

(b) ST &
4.94+02

(K] 2.98e+02

4 HSEERN 6 m/s HEREEEFHRES N



- WIS - 29k, F - R T I HARIA B G BERRR B £ B AT R

Static Temperature
1.97e+03
1.80e+03
1.64e+03
1.47e+03
1.30e+03
1.13e+03
9.67e+02
8.00e+02
6.32e+02
4.65e+02
2.98e+02

K]

B 5 #HSEEHR6 m/s B5|HERER
MIEE MA BEEERE

Static Temperature
2.26e+03

2.06e+03

4.94e+02

2.98¢+02
[K]

B¢ HSHEEN6 m/s BTEHERIER
MRigE MA B EEE=E

N
; "-"%“\ (
\ M’

1 “‘\l.

IR
W
Nmhn‘. \x\*

Z o ,}/:;_ q
; ;\“\3 NI o
i \\\\\\ :lﬁ“ﬂ,,///;;‘
! M\\ By w\’ :"‘f\ \
AR 3
P \\\\\\ A
WMV“\*‘
Q“\ AN \\‘\\\\ A w'w//

o) ‘\\‘\\\\Q\\\\ w ¥ //,1 Iy / i

(e) Thla, CHH (f) THb, CHm

7 HSHEER 6 m/s I AFBREE
HEEmREELRERE

P8 181 9 Sfliial A B .C 3 /A [l #80m 9
FEa o, TH a FREX AL a8 A K
ST 5 T RIS £ e, 55k B 11 3 MR Y
EREESAR I, TV RS B 5 AR, iR
SHEAER N ER DB AMA  TEUER EPIL)TF}
RS E Y e TR AR T b o ok B T P
PR 799 O 5 T XoF 9l iy 32F A 7 F 2 Wiﬁﬁj\mﬁilﬂ
AR TR IO AR S, L GE R B e  fiE
¥, FECP.OR RN ARG BRI i, A
RIS Sl AR Tl 1 1 ) AR o A A R T 28 55
e T Z W RE R R B, B AR R,
b SR HFIE L A% TCT R K

Staic Temperature
2.22e+03

2.03e+03
1.83e+03
1.64e+03
1.45e+03
1.26e+03
1.07e+03
8.74e+02
6.82e+02
4.90e+02
2.98e+02

8§ ILRapEEmEEZE

Staic Temperature

2.26e+03
2.06e+03
1.87e+03
1.67e+03
1.48e+03
1.28e+03
1.08e+03
8.87e+02
6.90e+02
4.94e+02
2.98e+02

9 TRbHEASEEEE=E

32 BE#HS

SO N 10 m/s B IR e 2 U1l
%k%iﬁ%ﬂo@n@h*%%T%ﬁiﬁ%
U1 45 KRR PR B, 52 A Ui T 5 S i D>
ﬂ%%mm%@%ﬂ%%%%ﬁﬁﬁﬁfmmL
S AE W ABIR BRI T m R AR A S
TR AL P A% o0 T 11055 T A BE = 1 PE g
5| SR TE T 5 i R b == R A% DR e I A U5 1 i
W HIECE KIG el SN (E PE T iz 3
A FEHRER

- 59 .



- HUHIE -

£, 5 - AT AR

0 B2 IR R B F IR P4 AT R

Staic Temperature
1.92e+03

1.76e+03
1.60e+03
1.44e+03
1.27e+03
1.11e+03
9.49e+02
7.87e+02
6.24e+02
4.62e+02

3.00e+02
[K]

10 SRS 10 m/s B3] SR IR ME S
AR =

Staic Temperature
2.26¢+03

2.06¢+03
1.87¢+03

8.87¢+02

6.91¢+02

4.95¢+02

2.99¢+02
[K]

11 HSEEHR 10 m/s BEHAERERMKEE
HAVHHR =

3.3 AE#SEE THREERENTHS
AP T (1) “C R T LA,
_r'nCOZ/MCOZ+0.53hﬁm/MCO

7, (1)

rﬁz/Mfuel : NC,fuel

I 6 m/s JHA LA 0.023 B BT AL i 3E
AIREE S H FI RN 82.17% , B FLE Tt 4 I A e
AR 67.46% , 1244 F AP HEAT B
I 5 R T DA T A b 28 1 ) 1 A0 3R vy T L
WAGE 2, A TE R Y v MR U AL 4% i 1
TR FARGE X, (2 E ARG PR 2 &, 715
TR YR A 5 AR SRR 5 MU AL 4% 5 T2 B
FRTE 05 PRI | AR TC TR ATl AT , v e P
REMSN 2 IR R B W, MU (LS S
JHEU FEHRGR =2 ) Jo o A A 589, I 22 A i 2 <l
BERAR , ERRGUAICIE PGE 2 A, BT A A X
TGRSR IETEE  RBERRAR . H LB L 4%
JE A R IR Ut DT 5 | 55 G A % i et JBE 5 v
ASCTHTfis (AL B T A T 1 25 SN AMIR 2 R
5 LT I T LASE 50 A VT ff 3t 1) B A 7 ) 5 M
2SR AR E AR, B AT 7k e 2 Hh 10 bk
BRI IR, ANk 2 PR

- 60 -

£2 FETRMOHOESE B41.%

R a b c d
H O 82.17  67.46  63.04 55.35

MHHZ N, SIIER #6 A Sk B EIEHR A =
P /W L 20 o/ RS P <0 QO (95 8 e 1 R 0
o T E T O R R A, RE T B R I IR
X (H %R BUBE LR IR R 8 2 5 T IR R
BRI TN G B, 5 ECR & T 51 H50%

KW 10m/s JH LN 0.011 B 357 R e i 5
TIRBE T RCR Y 63.04% ,H HUE 7 51 1 0k e
S 8RN 55.35% , G PR B AR R R

12 B PIFP R G O, 7 A 5 e s 1
B HE T RA R 3 U AR ROR 1 i T 0 FLEE A e I A
B, 5| B HE 48l A OB T e R A5 A, £ 8
AR AR DX 55 T g ek R RA% A% T, T 2
WIS FE L 2, 78 U1 X 3025 7 A [l X dek , Heok
INANZZ R Tt T R A A R T AR XK A AR
E RS K HITER

0.9
0.8

0.7

0.4

0.3

0.2

0.1

0 02 04 06 08 10
il ) A

TERNLIREREES T

12

P13 S KGRI R IR A o o A 1R B 0 4
PREK A TR B SR B U B, AL 2R R
P BN AN R, PRI RE SR 199 A4 b 2 3 T il
SUBRAEREIR X S8 RS B RS R B, el 2%
KRS SRS 2 R AL, ARG )
1o ERE T R A B TR R, R
T ORUE M 3 = HE AN g e O 3 R T 49K
bR =R (e s QR N IR EAA) 73 A=K ey
IIRCHT R AT ARG R U, 3 B I TR K3 9
7R ARG AR BN k= v T RSO, BT O
R BRI E PRI b 2 h I A S8 A e AR K
WABE , SIHE 5 Tt — et



- HUHIE -

2Z9%,5F - AT AR5 09 BER KB B IRBEAF AT R

0.000 8
0.000 6
ﬁ
4z 00004
=
0.0002
—@&— T.#b
1
09 0.2 0.4 0.6 0.8 10
Al A X 37
E 13 RBRENHEEST
1.0 =
08 -
Ee)
Ay
N
- 06
]
b
&
= 04k
—0— Tlec
0.2 —O— T.id
—a— Tlla
—e— b
0 1
0 0.2 0.4 0.6 0.8 1.0

TR
B 14 HRELESSBERESS

TE R HE U B T AL SR g i A e 2 R
o RO TR R AR i R A, ASCR A AR
AR OL , Ui B e RS 5 1 SR BE A% RE XS — ¥ 7>
o 1 I B4 e TR AR SCE AT 2 B UAMER , (E ol T 3
R, 2RO EE , WL IR bE 2
il DX PP T [T PR AR 28 A ORI AR
BRI B G I AN TR EHRGEA Y
RAMZES T R KMARE , (RS TR 2 18] ) %
PAL RO, 73— T 0, i T 51 AR 2030
RIS T I 2 U 2 PN, D/ 1 e s
TN AP 22 Bl T AL AL Sl SRR Y [l i X
SR T B ESRG IR 5 B B I TR 6 0, A
2 AR TSR BTR B RCR AR

TE 5 S2 I 5E Hh A2 BR « () s X6 B BIE 2 R 3249
A g LRI L B R U B TP MR A K
RGOl BT AR SO 2 o Bl 7 IR R
LS ke 2 LT, B IR 7 S8 AN IE T e
HAE T B BE R SE AR B L 2L, B LA B T e i

HESU BRI G T BV 025 . T
TR I A R 4 o 5,
BRI,

BT B TR AR 2 R AN [ e Ui e AR R
KNG ST AR A VR X U Y R R
AT, e A A AR, HAE S B iR
) e X e TR AT /MR L IR T
FHEE TAEGERE A , XSHBAAR KA BT B A B B Tk |
RAEH, B SRR IE in S548, L3 5]
SR L A B R R e RO = TR S 3 TR e T A
BRE AR TR s iR RS
S 30k
[1] HSU K, GROSS L, TRUMP D, et al. Performance of a
//33rd  Aerospace

Sciences Meeting and FExhibit. Reno, NV. Reston,

Virginia: AIAA , 1995 :810.

[2] LITTLE B HJr, WHIPKEY R R. Locked vortex
afterbodies [ J 7. Journal of Aircraft, 1979, 16 (5)
296-302.

[3] HSU K Y, GOSS L P, ROQUEMORE W M.

trapped — vortex combustor [ C ]

Characteristics of a trapped — vortex combustor [ J].
Journal of Propulsion and Power,1998,14(1) :57-65.

[4] HENDRICKS R C,SHOUSE D T,ROQUEMORE W M,
et al. Experimental and computational study of trapped
vortex combustor sector rig with high — speed diffuser
flow[J].
2001,7(6) :375-385.

(5] fal/NES, V5 4k, o0 (R 8. 3 3 R e 5 R 0 1k B ik
e [J]. M3l 1541, 2009,24(2) :318-323.

[6] BKAE, ZF R W] ik &, 45 e it 4k s B 0 3E 16
MABREPERERI M ] ] B2 5 HOR ,2013,12(2) -
141-147.

(7] BkBkWE fa]/NEE, SRR, 45, AN A A% 77 38 T i gk
TIRBR EERE [ )], M2 3 22 4, 2023, 38 (7))
1773-1783.

[8] ZHAO D, GUTMARK E, DE GOEY P. A review of

International Journal of Rotating Machinery,

cavity—based trapped vortex, ultra — compact, high — g,
inter— turbine combustors [ J ]. Progress in Energy and
Combustion Science ,2018,66:42-82.

[9] BURRUS D L,JOHNSON A W,ROQUEMORE W M, et
al. Performance assessment of a prototype trapped vortex
combustor concept for gas turbine application [ C] //
ASME Turbo Expo 2001 Power for Land, Sea, and Air,
New Orleans, Louisiana, USA; [s.n.],2014.

(% 70 ;1)

- 61 -



- WIS - WIEE - B R B R M R MRt

B2 TH O] R, VENE K R, RS Rk
e - HORBUIR 52 1), SR 2024,45(6) :11-20.
U] K B XS, T, 4. 2022 A K HR K R4
[ ]ﬁm e L B B B 2008 1 2y 100 IR A BB A
105112 S AAHLERLT]. FRIEFHE, 2022 T 1) :254-259.
' W R R A BT A P R R L T
(2] RS KRR (1), B, ?‘fﬁ;{;ii’fﬁ;ﬁ?j%ﬁfﬁﬁﬁ
2022,44(2) 102103 2] G P AR
(3] FRFF. LRI A ikt R S (1], BRA S, S R 0, 5
2023, 14(5) ;368375 3] R ;;’/J\*”(gi:ﬁ:?&f.ﬂfwﬁﬁi‘ri‘i
[4] XUH  BERLR, 0. T8 35 HE A 10 2 2 BLIR K o T I R e A
BIAT]. GRS 2023 44(4) 1520 Betnfieit (1], MLHICIE,2022,42(2) :3-6.
. 9 5 : . N j A /:A' 12 F > .
(5] AN SR G SR I R T LA [14] XUBE, 200, FRIER, 45, ST BANAOE B EHA

. \ ~ WIS HER[J]. AT AUE T2 ,2023,15(2) :209-217.
KNG E S ) 7 5 ,2025,54(1) .
;Z_gjﬁrﬂﬂﬂ L At 1) B . — RO T B B ).

B3 TR ,2019,27(21) 1 156-159.
6] BFRGH, kA B AR, % T e EBEmRLNE o
o S 1M£7)§i$b&‘c;i§kiﬂ1/0u F,;Lj_:?; [16] ZZEL. FT AP HENI[]]. HL
T |2 = , _ . o
(2025-04-17) [ 2025-05-08 ]. http://kns. cnki.net/ i}ﬁf{ﬂ@ﬁ(ﬁ{h‘i{ﬁ%,2024( 12) :44-46. ) |
kems/detail/10.1030.TN.20250417.1343.004. html. (170 i RSG5 5. HE T 3DCS B RBEH PR

N IR AR w b A T )
(7] B R VT A AL I F SRR F TARDHSHALLT]. AR T L, 2020(1):

i

; 2428,
FEHERE[)]. BEIAHE,2025,29(2) :342-361.

(8] FLIMEF, Bbi. REARPE MR IR A B it [T ], N
LRI, 2025,47(1) :96-99. iR B 532023 - 09 - 04

FWIVAVAVAVAVIVIVIVAVIVIVIVAVAVIVIVIVIVAVIVIVIVIVAVAVAVAVIVAVAVIVIVIVAVAVAVIVIVAVAVAVIVAVAVAVIVAVIVAVAVIVIVIVIVAVIVIVIVAVAVAVIVAVAVAVAVIVIVIVAVAVIVIVIVAVIVIVIVIVAVAVIVIVIV VAV IV IV Y

(E#5E 61 TT) LS IR R, 2019.

[10] ZHAO Y L,HE X M,XIAO J K, et al. Effect of cavity— [16] JIN Y, HE X M, ZHANG J Y, et al. Numerical
air injection mode on the performance of a trapped investigation on flow structures of a laboratory —scale
vortex combustor [ J ]. Aerospace Science and trapped vortex combustor [ J ]. Applied Thermal
Technology,2020,106:106183. Engineering,2014,66( 1/2) :318-327.

[11] % sile, skt 5k e, BEm A B IRBE E M3l [17] GONG C,ZHAO S F,CHEN W Q, et al. Numerical
B2 J]. #R2E5H AR 2020,19(2) 1 139-145. study on the combustion process in a gas turbine

[12] EGHL, 0 e 14 e 2. SR B 85 2806 ek combustor with different reference velocities [ J ].
TR be E M BE L M F ST [T ], HEVEHE R, 2015, Advances in Aerodynamics,2023,5(1) ;24.

36(3) :405-412. [18] MEIER U, HEINZE J, FREITAG S, et al. Spray and

[13] JIANG B,JIN Y,LIU D, et al. Effects of multi-orifice flame structure of a generic injector at aeroengine
configurations of the quench plate on mixing conditions [ C ] //ASME 2011 Turbo Expo: Turbine
characteristics of the quench zone in an RQL-TVC Technical Conference and Exposition, Vancouver,
model[ J]. Experimental Thermal and Fluid Science, British Columbia, Canada: [s.n.],2012.:61-72.
2017,83.57-68. [19] THME M, SHUNN L, ZHANG J. Regularization of

[14] CLARK N A, POLANKA M D, BOHAN B T, et al. reaction progress variable for application to flamelet -
Design and application of a trapped — vortex compact based combustion models[ J]. Journal of Computational
combustor in a small—scale JetCat engine[ C] //ATAA Physics,2012,231(23) .7715-7721.

SCITECH 2022 Forum. San Diego, CA & Virtual.
Reston, Virginia: ATIAA ,2022.2061.

.70 -



