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Numerical simulation of active control of instabilities in an axial compressor
under distorted inlet flow
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Inlet distortion that may occur for various reasons at the entrance of a gas turbine, causes disturbances
Received 07 November 2016 in compressor performance conditions and also all engine components, so it is very important to
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¢ X investigate its controlling methods. The aim of this paper is numerical simulation of inlet distortion in
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an axial compressor rotor and active control of the instabilities by the air injection at the blade tip
region. Flow simulation of inlet distortion is accomplished at compressor entry with five different

Keywords: . . . . .

Inl)cft distortion geometries of circumferential blockage (amounts of circumferential blockage are: 5%, 10%, 15%, 20%
Active stall control and 25% of the compressor inlet duct). For active control of instabilities, 12 injectors have been
Tip injection mounted upstream of the rotor blade row that are distributed in circumferential directions

Axial compressor symmetrically. The injection mass flow rate does not exceed 2% of the compressor main flow rate at the

design point. ANSYS CFX was used for simulation and the turbulence model of k- SST has been used
through the calculations. The results show that increasing inlet distortion causes performance and rotor
efficiency to decrease. Furthermore, for this rotor modeling condition, in 5% and 10% blockage, air
injection can improve the rotor performance, but for more than 10% blockage, a strong wake region is
formed after the distortion screen and air injection can cause negative effects on rotor performance.
Indeed, the strong instabilities can adversely affect the injectors flow and this method instead of
modifying the flow field, makes it more non uniform than before.
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% Multi-spool engines

* Rotating Inlet Distortion
* Distortion Coefficient

® Active surge/stall control
¢ Passive surge/stall control
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Fig. 1 Schematic of distortion screens
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Fig. 9 performance maps for 5% blockage; with and without tip
injection

lso S Ba,5 9 3 By b 5% sladl o Sles slo e 9 S

1 ol 17 053 1396 (1335 58 (e Suille s

Normalized Axial

Velocity '
0.655
0.589
0.524
0.458
0.360
0.295
0.230
0.164
0.098
0.033
-0.065
-0.131
-0.196
-0.262

<

e e B e R

SN ) N A S

——

(i e

S

Fig. 7 Normalized axial velocity contours on 97.5% span plane for all
cases; near stall cond. (¢p=0.37)

oy &LA}') 0.975 O gopdoy sl 51 00l Q6970 Sy )91;'[57 JS.&
©=0.37) Jlwl a4y S5 byl « V¥l k5 (6l

DiSSSEEEESS:

4
%
/
/
/
/
%
:: /‘
v
/

(@\\\\\\\\\\\\

(D\\\\

Normalized Relative
Total Pressure
0.875
0.780
0.686
0.591
L0499
0.404
0.310
0.215
0.121
0.026
-0.066
-0.161
-0.255
-0.350

%

o

all cases; near stall cond. (¢p=0.37)
Ceamd )3 5 9,409, Glos 3l ¢ omd SlaBee 10 0l amy o S5 ,L2d e85 8 &
@=0.37) Jlool & S35 Lyl ¥l 1S gy oy Las

bz 1) bedl (2l Glgi oo ,o Cnl 59, 5 el 0sd an g
3Py Sélobml el (b > slaslanil a5 568 oo 0030 0 S oaaline
S <8l Gl ol 5% ellad slowl jo el oad Loy o (2l
ol8,48 il jo cdl e i 25% ellad goi 0 9 Canl jzU

Db g0 0dalin ol >

2500 K0y S )0 el )3 lgd Ca G2y (il e -2-4
23eeS 9y on Ry 4 639y by slasland iledae 5l
L) 5, ey o, S50 4l o len Cor G5 Sl gwyp 4 o6y
£y g lubl Jd s liwly o (6995 50 bolawdl sg>g

Dgd oo

5% elad slowil -1-2-4
0,8les goin sl o Jlas! (69,5 50 5% ellad slosl > ol jo

198



51,393

59909 03 VLD Sl oyl puds s BI9R0 Y9 pa0S 53 ) 5 laLL Jed )i (53 (5 )lwdguals

Normalized Relative
Total Pressure
0.875
0.780
0.686
0.591 [ - y
0.499 N 0
0.404 N
0310 Injection
0215 5
0.121
0.026
-0.066
0161
-0.255
-0.350

Fig. 12 Normalized relative total pressure contours on x/c=0.5 plane for
5% blockage; with and without tip injection; near stall cond. (¢=0.37)
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Fig. 13 performance maps for 25% blockage; with and without tip
injection
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