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Abstract: In order to optimize the overall performance of compressor effectively, three coupled flow control
methods with slotted blade and BLS (Boundary Layer Suction) have been introduced. Firstly, influences of slot-
ted blade or BLS on flow structure of a transonic axial compressor have been studied respectively by numerical
simulation. Furthermore, effects of the coupled flow control method with slotted blade and BLS on overall perfor-
mance of the compressor have been studied in detail. Results show that all three coupled flow control methods
have achieved the wider stability margin of the compressor than separate application of the slotted blade or BLS
schemes. The improvement in stability margin of the coupling scheme with full blade slotted blade and boundary

layer suction is 1.27%, and the improvement in stability margin of the coupling scheme with slotted blade in the
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middle height and the coupling scheme with slotted blade in the upper half height is 1.67% and 1.35%, respec-

tively. The combination of local-span slotted blade and BLS scheme have obtained the lower total pressure loss

and isentropic efficiency at near stall point than the coupled scheme with full-span slotted blade and BLS

scheme. The coupling scheme of slot in the upper half height has achieved the better improvement of stability mar-

gin among three coupled schemes. It has been considered that the coupled flow control method with slotted blade

and BLS is feasible.

Key words: Coupled flow control method; Slotted blade; Boundary layer suction; Stability margin;

Transonic compressor
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Table 1 Main characteristic parameters of the compressor at near stall point

Parameter Mass flow rate/(kg/s) Total pressure ratio Efficiency ASM/%

Baseline 18.322 1.8558 0.7440 -
Slot 1 17.950 1.8420 | 0.7256 | 1.31
Slot 2 18.159 1.8501 | 0.7376 | 0.59
Slot 3 18.050 1.8505 | 0.7347 | 1.22
BLS 18.170 1.8640 1 0.7498 1 1.28
CS'1 17.941 1.8417 | 0.7296 | 1.35
cs2 18.100 1.8566 1 0.7442 1 1.27
€S 3 18.042 1.8579 1 0.7446 1 1.67

4 g:llq: -i@ [ 5] TanC Q, Zhang H L, Chen H S, et al. Flow Separation

AR S BT A B AT 25

(1) 37 4 B 06 X 5 W% T 300 9 )= R AT A 3K
IR o 120 5 J2 4l I T B 2 /0N 1 1 A R 7 i R
AT A RGE X T 3 B il R T S R B RS S
JO7 ] 2= FR A% 1 B9 B, e SOHL A O 4 A+ 3 ok —
A AR TERERS Bt — BT

(2) B T 4 = T 48 5 30 R s rO RS & 7 2%
Hh T e T A S 3 S )Z R RR S T SR A
T 8% 5 11 57 T2 0 AR O SEAE B R T AL 1Y TR
LU AR B, JL A 25 4 18 i e > A O 3 it —
A UGE IR AHLPEREBE— 2D S Tt .

LG VLA JR I R T 4 A A B il Y
WA 7 SR AT AT Y
B S RS AR R A
B

S 30k

[ 1] Ziegler B. Adjoint Method—Based Inverse Design of Tran-
sonic Compressor Cascade with Boundary Layer Control
[J]. Progress in Computational Fluid Dynamics, 2017,
17(6): 335-343.

[ 2] Zhao W, Zheng Q, Jiang B, et al. A Passive Control
Method of Hub Corner Stall in a 1.5-Stage Axial Com-
pressor under Low—Speed Conditions [11. Energies,
2020, 13(1).

[ 3 ] Staats M, Nitsche W. Active Control of the Corner Sepa-
ration on a Highly Loaded Compressor Cascade with Peri-
odic Nonsteady Boundary Conditions by Means of Fluidic
Actuators [J]. Journal of Turbomachinery, 2016, 138
(3): 031004.

[ 4] ZhuJQ, Chu W L. The Effects of Bend Skewed Groove
Casing Treatment on Performance and Flow Field near
Endwall of an Axial Compressor[CJ. Reno: 43rd AIAA,
Aerospace Sciences Meeting and Exhibit, 2005.

[6]

[7]

[9]

[10]

[14]

210689-8

Control by Using Bowed Blade in Highly Loaded Turbine
Cascades [J]. Science in China Series, 2009, 52 (6) :
1471-1477.

LiuHR, Yue SY, Wang Y G, et al. Unsteady Study on
the Effects of Matching Characteristic of Tandem Cascade
on the Performance and Flow at Large Angle of Attack
[J]. Journal of Thermal Science, 2018, 27(6) : 505-
515.

Tang Y M, Liu Y W. Aerodynamic Investigation of Da-
tum and Slotted Blade Profiles under Different Mach
Number Conditions[ J]. Energies, 2020, 13(7): 1673.
HuJ G, Wang R G, Li R K, et al. Experimental Investi-
gation on Separation Control by Slot Jet in Highly Loaded
Compressor Cascadel J]. Proceedings of the Institution of
Mechanical Engineers, Part G: Journal of Aerospace En-
gineering, 2017, 232(9): 1704-1714.

LiJ C, LiuY, Du]J, et al. Automatic Stability Control
Using Tip Air Injection in a Multi-Stage Axial Flow Com-
pressor [ J]. Aerospace Science and Technology, 2020,
98: 105707.

Qin Y, Song Y P, Chen F, et al. Active Flow Control by
Means of Endwall Synthetic Jet on a High—Speed Com-
pressor Stator Cascade[J]. Proceedings of the Institution
of Mechanical Engineers, Part A: Journal of Power and
Energy, 2018, 232(6): 641-659.

Guo S, Chen S W, Song Y P, et al. Effects of Boundary
Layer Suction on Aerodynamic Performance in a High-
Load Compressor Cascade [J]. Chinese Journal of Aero-
nautics, 2010, 23(2): 179-186.

Liu Y W, Sun JJ, Lu L P. Corner Separation Control by
Boundary Layer Suction Applied to a Highly Loaded Axi-
al Compressor Cascade [J]. Energies, 2014, 7 (12)
7994 - 8007.

Rockenbach R W. Single Stage Experimental Evaluation
of Slotted Rotor and Stator Blading [R]. NASA-CR-
54553, 1968.

Hu J G, Wang R G, Huang D Q. Flow Control Mecha-
nisms of a Combined Approach Using Blade Slot and Vor-



Faal H1W e it

#

¥N

2023 4

[15]

[16]

[17]

[18]

[19]

tex Generator in Compressor Cascade[J]. Aerospace Sci-
ence and Technology, 2018, 78: 320-331.

Hu J G, Wang R G, Li I, et al. Experimental Assess-
ment of a New Combine Flow Control Approach in Com-
pressor Cascade [J].
Science, 2018, 97: 313-323.

Hu J G, Wang R G, Huang D Q. Improvements of Per-

Experimental Thermal and Fluid

formance and Stability of a Single—Stage Transonic Axial
Compressor Using a Combined Flow Control Approach[J].
Aerospace Science and Technology, 2019, 86: 283-295.
Wang Z, Chang J, Zhang J, et al. Investigations on
Flowfield Behavior and Resistance Backpressure Charac-
teristics of Supersonic Cascade with Boundary Layer Suc-
tion[ J]. Acta Astronautica, 2018, 152: 588-601.
SunJJ, Liu Y W, Lu L P, et al. Control of Corner Sepa-
ration to Enhance Stability in a Linear Compressor Cas-
cade by Boundary Layer Suction[J]. Procedia Engineer-
ing, 2014, 80: 380-391.

Lei S, Liu B, NaZ Z, et al. Experimental Investigation
of a Counter—Rotating Compressor with Boundary Layer
Suction [ J]. Chinese Journal of Aeronautics, 2015, 28
(4): 1044-1054.

Ma S, Chu W, Zhang H, et al. A Combined Application
of Micro—Vortex Generator and Boundary Layer Suction

in a High-Load Compressor Cascade [J]. Chinese Jour-
nal of Aeronautics, 2019, 32(5): 1171-1183.

Cao Z Y, Liu B, Zhang T, et al. Influence of Coupled
Boundary Layer Suction and Bowed Blade on Flow Field
and Performance of a Diffusion Cascade [J]. Chinese
Journal of Aeronautics, 2017, 30(1): 249-263.

Reid L, Moore R D. Design and Overall Performance of

Four Highly-Loaded, High Speed Inlet Stages for an Ad-

[23]

[26]

[27]

210689-9

vanced, High Pressure Ratio Core Compressor [R].
NASA Technical Paper 1978-1337.

Reid L, Moore R D. Performance of Single-Stage Axial-
flow Transonic Compressor with Rotor and Stator Aspect
Ratios of 1.19 and 1.26, Respectively, and with Design
Pressure Ration of 1.82[ R]. NASA-TP-1338, 1978.

Cui J, Zhao B, Liu YW, et al. Numerical Research on
the Safety and Performance of Transonic Compressor with
Bleed Air at Multiple Operation State[J]. Procedia Engi-
neering, 2014, 80: 352-364.

Zhang G C, Gao T'Y, Xu Z H, et al. Influences of Slot-
ted Blade on Performance and Flow Structure of a Tran-
sonic Axial Compressor[J]. Proceedings of the Institution
of Mechanical Engineers, Part A: Journal of Power and
Energy, 2021, 235(6): 1344-1354.

RR L, REE, RS, S 5T R IT 8 X 5
TR ML R S S A s ML SR (D).
AR, 2022, 43(3). (GAO Tian-yi, ZHANG Guo-
chen, XU Zhi—hui, et al. Mechanism of Effects of Rotor
Blade Tip Jet Slot on Performance and Flow Structure of
Transonic Axial Compressor [J]. Journal of Propulsion
Technology, 2022, 43(3).)

SR, X e, FATEE . S AR i g R 20 xR
ACHL I - Ak 3 G S A S ma L)), A B g 4R,
2020, 35(11): 2400-2412.

AL, MM, BT, 5. T M 2
W 2 o) AL A 3 4y B RO WE SR (D). kR
2022, 43(4). (GAO Li-min, GUO Yan-chao, LI Rui-
yu, et al. Flow Separation of Compressor Cascade Con-
trolled by Boundary Layer Suction at High Subsonic Ve-
locity [J]. Journal of Propulsion Technology, 2022, 43
(4).)

(/%4 B



