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Effects of Cold Flow Injection Angle and Injection Ratio on
Combustion Flow in Advanced Vortex Combustor
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Abstract: In order to obtain wall film cooling efficiency in Advanced Vortex Combustor (AVC) with flow
guide vanes, numerical investigation was performed on the cooling and mixing combustion performance in AVC
in the condition of different injection angles and injection ratios. The results show that when the injection angle is
equal to 30°, the pressure loss decreases with the increase of the injection ratio, but the combustion efficiency is
less affected. When the injection angle equals 60°, the pressure loss varies little, but when the injection angle is
equal to 90°, the pressure loss and the combustion efficiency both increase. With the increase of the injection an-
gle, when the injection ratio is equal to 1.2 and 1.5, the combustion efficiency varies slightly, but when the injec-
tion ratio is equal to 1.8 and 2, the combustion efficiency increases.
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Fig.1 Geometric model of AVC with flow guide vanes
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Fig. 3 'Wall temperature distribution without cooling
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Fig. 8 Effects of R and 6 on total pressure loss coefficient
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323 OREM

10 7R 1 R Je 0 X B8 = Y 1l BE 43 A1 R 4K
OTDF W52, 7] UL 0=30°IF OTDF ¥ 75 0.3 2247 , 7
G HRAHNL 0.25 ~ 0.35 (95 [l , =60°F1 90°H} OTDF
H3 K. OTDF WEAF R B 6 38 T B8 36, B i
FR 348 22, 6 A B T xR be = IR 3
MR K 3R TR O v ASHE A e 5 R D B I TR B T

R X, (A5 i R R 5] N R T BEREAR R ML
60, U /D BE TV SR, IR A DR E
LOT . page
e =60°
0.8 —A0=90°

Iz,
g o6t
Q
04
-—
02 1 1 1 1 I
1.0 1.2 14 1.6 1.8 2.0
R

Fig. 10 Effects of R and 6 on OTDF

Bl11 R T R=15 5 A 0H G T By E
AR 1) 30 B 43 A, m] D g R 5 0 e ) X3, A
SO BE T DX AR Y A A R, X R N R EE S
BE TAT B 3 DX 8l TR A TR B, T O DX AR
R =N VN V= S I S o R I v s
10 B — 20, 3% 2 Ko 0 /N, ¥ AU2E 3 B 7 ) 119 3
AR /N X A 1] L B R e L A
2000

1500 -

1000

7K

500

O 1 1 1 L I
0.00 0.02 0.04 0.06 0.08 0.10
Y/m

Fig. 11 Effects of 0 on outlet radial temperature
distribution (R=1.5)

3.2.4 SEWSRRGHIRCR
F 12 SR T R K 0% BE i S % HIRCR o, BY
., R BCEEE R IR o, B R

FI8 3 T 34 R, X 2 RO R BN, A B RGS R Bh
1.00

—=— 0=30°
—e— 0=60°
0.96 _ag90°
0.92
s
0.88 +
0.84 -
0.80 . . . . )
1.0 1.2 1.4 1.6 1.8 2.0

R
Fig. 12 Effects of R and 0 on average cooling efficiency



1802 e # R 2018 4F
N5 ERBEBIRENS, X Jr_gimmjf)asﬁﬁo [ 5] FEdmonds R G, Steele R C, Williams J T, et al. Ultra—
R=1.21F,0=90°H @15 /IN , 3 5 P ¥ < L) 90° Low NO, Advanced Vortex Combustor[ R]. ASME 2006
IR T 5 T R ST I L B T 04 e s
B0 16601 o K 0-30° M0 o JE . Rols. | O I BN TR 5. SUMEE R
FEU A AR PR EL) ], Wizs 3 4R, 2013, 28(1):
200, @, b & 0138 98/, 32 B o R B8R T 120-128.
AR SN K VR S B TR I B RE I, L0 (7] #hR e b BE i 2 BE 8 R B8 5 5 00 0 K {8 BF 5
KA IR A F R [D]. K K EH k2%, 2013.
‘ (8] WE A, LA, BB PO 0 RTE IR e
4 &£ iR 8 5 T 0 100, 0% 320, 2015, 30
ARLAS ST A HIELT 542 - [9] :;:5;;1_3:‘;%121?%5'”‘5‘6‘#% 0 K e 25 I B0 R P F
(5 1SR A B9 W £ 2 5 b )5 43 b IR AU IR LA
G VR VS BRI, 5 DX I 7% B AR B 7 LD R R R 200
° ) [10] M6, o s, o AR, S5 . R [n) S 370 6 0 08 0 3
AR HEVE R 00 B RBEBLLD ). HESE R R 2014, 35(1):
(2) BRI KR 6 /3 K3 K. 0=30°H ,R 54-61. (SUN Hai-jun, ZENG Zhuo—-xiong, XU Yi-
R R A5 B /)N 5 0=60° B, 45 AH 25 8 K5 0=90°HF , R hua, et al. Effects of Flow Guide Vanes Structure Pa-
R R K rameters on Characteristics of Advanced Vortex Combus-
(3)0=30°HT , BR B2k 2R 1 52 R (055 W 45 /)N 5 6=90° tor [J]. Journal of Propulsion Technology, 2014, 35
[ B R BOHS T K . R=12,1.35 & 15, (1):34-61)
b6 6 69725 AL JEE B s Re1.8 J% 2.0 4 . 56 6 (9 185 1 (1] ¥, FRYL. Ui mmbeE 25 hE )]
e AR, 2015, 36(12): 1859-1867. (ZENG Zhuo—
H e xiong, WANG Zhi-kai. Numerical Analysis of Multi-
(4)BE e 2= 1R BE 43 A 52 B0 ) X 88 0, R Field Synergy in Advanced Vortex Combustor[J]. Jour-
AR REE XA . OTDFBEZE R M 6 1% 5% KT B3 nal of Propulsion Technology, 2015, 36 (12): 1859—
R, 1867.)
[12] Agarwal K K, Ravikrishna R V. Experimental and Nu-
%3k rical Studies in a Compact Trapped Vortex Combus-
merical Studies in a Comp pp
[ 1] R, /R, it 25, & %80 W py o tor: Stability Assessment and Augmentation[J]. Combus-
S I T AR 5 Ak S AR [T ], HEESE AR L 2015, tion Science and Technology, 2011, 183 (12): 1308-
36(4): 601-607. (WU Ze—jun, HE Xiao—min, HONG 1327.
Liang, et al. Ignition and Lean Blowout Characteristics [13]  Agarwal K K, Krishna S, Ravikrishna R V. Mixing En-
of a Single - Cavity Trapped Vortex Combustor Utilizing hancement in a Compact Trapped Vortex Combustor[J].
Pressure Swirl Atomizer[J]. Journal of Propulsion Tech- Combustion Science and Technology, 2013, 185 (3):
nology, 2015, 36(4): 601-607.) 363-378.
[ 2] Deng Y B, SuF M. Low Emissions Trapped Vortex [14] 0 55 RBESMABEEIM]. dust JERUA =S it KR
Combustor[ J]. Aircraft Engineering and Aerospace Tech- %:ﬂ#ﬁﬁi , 2009.
nology, 2016, 88: 33-41. [15]  EGHlL, o aihl, o XA, 5. SR 45 28005k
[ 3] KumarP K E, Mishra D P. Flame Stability Characteris- PERE WA B = rERE S M ()], HEEH A, 2015, 36
tics of Two—Dimensional Trapped Vortex Combustor[]J]. (3): 405-412. (WANG Zhi-kai, ZENG Zhuo-xiong,
Combustion Science and Technology, 2016, 188: 1283- XU Yi-hua, et al. Effects of Flow Guide Vanes Struc-
1302. ture Parameters on Characteristics of Advanced Vortex
[ 4] JinY, He X, Zhang J, et al. Numerical Investigation Combustor [J]. Journal of Propulsion Technology,
on Flow Structures of a Laboratory-Scale Trapped Vor- 2015, 36(3): 405-412.)
tex Combustor[J]. Applied Thermal Engineering, 2014, [16] £ B HETIERREE R HHEARAPRID]. mMat:

66(1): 318-327.

RS LR KA, 2012.
(%t IkRH))



