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Blowing control in S-shaped inlet with significant boundary

layer ingestion

LIU Lei, CHEN Fu, SONG Yan-ping, CHEN Huan-long

(School of Energy Science and Engineering,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: Numerical simulation of blowing active flow control on a half flush-mounted
S-shaped inlet was performed for improving its aerodynamic performance. The blowing con-
trol mechanism and influence of parameters (i. e. blowing location, blowing mass flow, blo-
wing angle) variation on effect of blowing flow control were analyzed in detail. Results show
that location selected for blowing has significant influence on effect of blowing, the 1st bend
just before the separation point is the best blowing location. The total pressure recovery co-
efficient has a little rise about 0. 56 % and circumferential total pressure distortion coefficient
and swirl distortion coefficient at exit reduce about 43. 14 % and 83. 60 % respectively in com-
parison with the prototype when blowing at 1st bend with blowing angle of 20° and ratio of
blowing mass flow to air intake design mass flow about 1.75%. In addition, bigger angle
doesn't mean better, on the contrary, little blowing angle should be selected for avoiding the
high-energy air from pipes mixing with mainstream in the air intake. Moreover, blowing
mass flow rise has different effects on total pressure recovery, circumferential total pressure
distortion and swirl distortion. The improvement of first two becomes more obvious with the
increase of blowing mass flow, while the third declines rapidly firstly, then falls slowly and

even presents an increasing trend at last.
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Table 1 Aerodynamic parameters at exit under different blow angle schemes executed at the 1st bend
"y o o c O Caciso Cuciso Csisn Cia1s0)

(=20 (f=30") (B=20%) (f=30%) (f=20") (p=30"
0. 50 0.990697 0. 990549 0.253551 0. 255577 0.044 257 0.047642
0.75 0.991818 0.991620 0.231937 0. 235377 0.037309 0.040523
1. 00 0.993105 0.992863 0. 205955 0.210835 0. 020269 0. 026 307
1. 25 0.994190 0.993857 0.184858 0.190971 0.012520 0. 014385
1. 50 0.995215 0.994723 0.166092 0.173470 0. 009588 0.011328
1.75 0.996 247 0.995589 0.148610 0.158512 0.008523 0.013272
2.00 0.997365 0.996525 0.130774 0.143467 0.012501 0.015347

ToWR A 6=0.990682 Cacisoy =0. 261375 Cuasey =0. 051963
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Fig. 9 Total pressure and velocity distribution at symmetry plane under different blowing control schemes
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Fig. 10 Total pressure and secondary flow distribution at exit under different blowing control schemes

105.0
10358
102.0 F
100.5 —+&— No control
L E—»— Lip. r=1.00%
< 90k === Throat, r=1.00%
= | —<«—Lip, r=1.25%
915k -—g-— Throat, r=1.25%
96.0 B —e—Lip, r=1.75%
B == Throat, r=1.75%
045 —a—Lip, r=2.00%
: == Throat, r=2.00%
93.0 1 ] ] | 1 ] 1 ] ]
50 150 250 350 450
(%)

(a) IS 11, i3, p=20°

105.0
10351
102.0 F ) —=—No control
P——r=1.00% p=20°
_100sE A -->--r=1.00%. p=30°
E-i 99.0 £ th —e—r=1.25%, =20°
o Tl —-=1=1.250%, =30°
9751 —.—FISO@?. _8:200
- == r=1.509. 3=30°
96.0 —e—r=1.75%, =20°
t G 1=1.75%, p30°
94.5 |- —a—r=2.00%, f=20°
1 =2.00%, B=30°
93 bt L1
50 150 250 350 450

/)
(b) #1145, p=20°, p=30°



g o

9530 %

105.0
103.5
102.0
100.5
g No control
= 990 —h— r=0.50%
= —— =0.75%
9I5| —— =1.00%
—a— r=1.25%
9.0 F —— r=1.50%
04.5 —e— r=1.75%
—a— r=2.00%
93.0 1 1 ] 1 ] ] | |
50 150 250 350 450
0/1(°)
() 4K, p=20°
B 11 ASFIRA RS 7 228 0 A 1 4 A

Fig. 11

at exit under different blowing control schemes

Circumferential distribution of total pressure

T S 449 50 L B S T
3 & i

AR SR FHBUE B I 20 2 3 A5 S 25
HESGE BEAT T RO S A L 45 R AR

1) IR AV AR Ak b 25 5 i e A5 SR B
AL E AL TR A B BT 15
BT L I B RN 1. 75 % IR E S 201K
SONARSCHER TR Z T E T EBIE
MR 2 BN R PR 24 0. 56 %6, HY 11 & ) 8 R
Wi 5 R TE U B 72 43 0 T R 24 43. 14 %4,83. 60 %%.

2) WA AR A B R A ] ) R R AR D
T T Tt WAy A = 1 5 W N T A R i R
SRR & R O T e W AR i 38 R BE L T i
i, W 58 B RS ) 388 n e D R B L B S AR 2% L
BAEH 1R R 2.00% RS 2070k
A H B R g

3) WA IF AR R 7 R R Tl A2 RS
£ RER /N S AR UE R HS 0 S B 2T B 1D DY L
o 55 T B IR 1M A 2k

) BRI A B A N B MRS LSS 1
TH RSN, B RGBS AR e, G
Bl B K, B Z e 25y BSR4 5 X
WRAT 76 43 B A5 R =2 (8] 4 B/ LR
VAT S RS 2 o3 B UM ST B

e &

1] WARSE . 3Rae . —Fh 2 IR R4 AY 55 A S 25 b <3l AY 1%
PRSI IGIEL ] . 25 K8l J1 2% 2% 4, 2006, 24 (1) : 95-101.

XIE Liirong, GUO Rongwei. Design and experimental

B A

[2]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

study of all S-shaped inlet restricted by missile[ J]. Acta
Aerodynamica Sinica,2006,24(1):95-101. (in Chinese)
Kunik W G. Application of a computational model for vor-
tex generators in subsonic internal flows[ R]. AIAA 86-
1458,1986.

Anderson B H, Gibb B. Study on vortex generator flow
control for the management of inlet distortion[ J]. Journal
of Propulsion and Power,1993,9(3) :422-430.

Reichert B A, Wendt B J. Improving curved subsonic dif-
fuser performance with vortex generators[]J]. AIAA Jour-
nal,1996,34(1):65-72.

Paul A R,Ranjan P,Patel V K, et al. Comparative studies
on flow control in rectangular S-duct diffuser using sub-
merged-vortex generators [ ] |. Aerospace Science and
Technology,2013,28(1) :332-343.

Allan B G,Owens L R,Lin J C. Optimal design of passive
flow control for a boundary-layer-ingesting offset inlet u-
sing design-of-experiments[ R]. AIAA-2006-1049,2006.
Allan B G,Owens L. R. Numerical modeling of flow control
in a boundary-layer-ingesting offset inlet diffuser at tran-
sonic Mach numbers[ R]. ATAA-2006-845,2006.

Jirasek A. Example of integrated computational fluid dy-
namics and experimental studies: design of flow control in
the FOI-EIC-01 inlet[ ] ]. Journal of Aerospace Engineer-
ing,2009,223(4) :369-377.

Harrison N A, Anderson J,Fleming J L,et al. Experimen-
tal investigation of active flow control of a boundary layer
ingesting serpentine inlet diffuser [ R]. ATAA-2007-843,
2007.

Amitay M, Pitt D, Glezer A. Separation control in duct
flows[ ] ]. Journal of Aircraft,2002,39(4):616-620.

Yang H,LI F,Song Y Y.et al. Numerical investigation of
electrohydrodynamic (EHD) flow control in an S-shaped
duct[J]. Plasma Science and Technology, 2012, 14 (10)
897-904.

Harrison N A, Anderson J, Fleming J L, et al. Computa-
tional analysis of active flow control of a boundary layer
ingesting serpentine inlet diffuser [ R]. AIAA-2006-874,
2006.

ik AL SR ST I 3 S b T T AR RS R TR Al R
BBFFEL) ] P AL S LR #2741, 2007, 39(1) : 30-36.
JING Jianpeng, GUO Rongwei. Experiment of boundary
layer suction in serpentine inlet under ground running[ ] ].
Journal of Nanjing University of Aeronautics and Astro-
nautics,2007,39(1) :30-36. (in Chinese)

R BASL. WA S HERE R ERE AL b
HULAS R K22 4. 2008, 34 (12) 1 1456-1459.

LI Dawei, MA Dongli. Improving dorsal S -shaped inlet
performance by vortex flow control[J]. Journal of Beijing
University of Aeronautics and Astronautics,2008,34(12)
1456-1459. (in Chinese)

Tk, XA SR 2Y. S &Y A 3 2 g 4 g L]
B2 AR 5 T ,2009,9(7):1807-1811.



10 M Xl

A IR BTRIA S B U T

2507

[16]

[17]

[18]

[19]

WAN Bin, LIU Zhenxia, ZHANG Lifen. Numerical simu-
lation of flow field for short S-shaped inlet[ ]J]. Science
Technology and Engineering, 2009, 9 (7). 1807-1811. (in
Chinese)

AR AR B 2% A I B AE R S R b R DL
AT« B K K 2% . 2010.
LU Zhiyi. The characteristic research of the fluid actuator
and its application in flow control[ D]. Nanjing: Nanjing U-
niversity of Aeronautics and Astronautics, 2010. (in Chi-
nese)
AR L1, 3 A, S 7RG . T RO I I R AR AR L S B R E
W B R S B[], &R F S . 2011,
29(1):22-26.
ZHAOQO Zhenshan, DONG Jun, GUO Chengpeng. Parame-
ters optimization of passive flow control device for a dual S
inlet by numerical vortex generator model[ ] ]. Acta Aero-
dynamica Sinica,2011,29(1):22-26. (in Chinese)
W5 A B A BUM T BGE S B HE S0 IR 5 v 0 B
FEL0]. P ERE HORFEY,2012,42(9) :1054-1060.
CHEN Zhanjun, WANG Jinjun. Numerical investigation on
synthetic jet flow control inside an S-inlet duct[]]. Scientia
Sinica Technologica,2012,42(9):1054-1060. (in Chinese)
2. A U I B 2 Sl B A5 ) e i DL et
R AR KA. 2012,

[20]

[21]

[22]

[23]

LI Binbin. Synthetic jet and its application in active flow
control[ DJ. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2012, (in Chinese)

2Rk, B v WYL 2R A . A A RO I 2% S E B
SR TS ERILT]. SER PRSI %, 2012,26(2) :34-37.

LI Binbin, CHENG Keming,GU Yunsong. Separation flow
control of beveled synthetic jet actuator in S-shaped inlet
[J]. Journal of Experiments in Fluid Mechanics, 2012, 26
(2):34-37. (in Chinese)

AU, MR L TR R 2F AL B T B I R T Ry A 2k
ACETEBE B [T W7 3 )24 4l 2012, 27 (5): 1131-
1138.

CHENG Daishu, SUN Shu, WEN Yufen, et al. Submerged
inlet performance improvement with blowing on fuselage
[J]. Journal of Aerospace Power,2012,27(5):1131-1138.
(in Chinese)

TR ZF KRR, B S A DO A i AR A L
LI, W02 8 J1 248 , 2008, 23(10) : 1888-1891.

ZHANG Lifen, LIU Zhenxia, LU Yaguo. Comparison of
four turbulence models in diffusing S-duct[J]. Journal of
Aerospace Power,2008,23(10) :1888-1891. (in Chinese)
Wellborn S R, Reichert B A, Okiishi T H. An experimental
investigation of the flow in a diffusing S-duct[ R]. ATAA
92-3622,1992.

(#2823



