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Abstract: To investigate the evolution process of an S-shaped air intake exit distortion
as well as its influence on the downstream fan-stage performance, a series of suction control
for the single air intake were carried out at first. And then the best suction solution was se-
lected and applied to the whole structure numerical simulation. Results show that the choked
mass [low and the maximum efficiency of the fan-stage increase about 0. 63% and 0. 57 % re-
spectively after suction. In addition, the low energy fluid gathering at cross section bottom
decreases ceaselessly as it gets to the tip station of the rotor hub. Since it attaches the tip of
the rotor hub, the circumferential location of this low energy fluid migrates gradually along
the opposite rotation direction and finally covers about 3 flow passages at the rotor blade
front edge. Under effect of the air intake flow angle increase caused by the non-uniform air
admission and the adverse pressure gradient in the rear part of the flow passage., serious flow

separation occurs at the stator blade suction side but mainly exists at 50% span and below
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and weakens after suction.
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Fig. 1 S-shaped air intake, suction control device and fan-stage
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Table 1 Boundary condition of four kinds of case
Case location Air intake inlet Air intake exit Fan-stage exit Suction pipe exit

1 No control (single air intake) p =p (), T =288K  peit =90260Pa

2 Suction (single air intake) p =p (0, T =288K  peir =90260 Pa Dripe

3 No control (air intake+fan-stage) p* = p"(2),T" =288K p

4 Suction (air intake+fan-stage)  p* = p (2, T  =288K P Dyipe. best
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Fig. 2 Total pressure distribution at the S-shaped air intake inlet
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Fig. 3 Grids of the S-shaped air intake and the rear fan-stage

ST AR B K BT AR T T i ik
B S Bl 0 s < AT ol A 4 ) AF 5 D B A
PR IR 7 58 L OR J5 H 22 T B 42 il P L OF S ok
B 7 A F) O D 80 5 S8 % L. T AR BT A 7 SR AR
Bt X8 S 0 A % ) U T T R T

2 HELRISR

2.1 HEFZEWIE

Sk 56 E T FH B D vk 0 AT RE L 1 S R Sk
[22-23 P BT AESE S 4™ 2% (B 4 () #4780
WF 5% -4 0 BT 15 25 51 5 50 50 2504 2F 17 % B, n
Bl 4(b)~E 4(dD fiw. B 4 finy EE L
2 W ER IB] 0 A 25 T 30° 0 IR OIR 4H , J8) 9K X
$4 R=1021mm. K 4 K 4o C, HEFE
FHB, 0 FAE I g 0 B A L AR B 1 B AR
1 B E D BEE 1 A E R C = e —
pa)/Cpar — p) 3 A G A R G RbF, Hrp

Dt AP A AR T A RE BT S ) D SR S pa s
pa SRR A P B RE S # R, B 4D
T o BRI E R S 00, I EEIKE R
B CFD PFRE. PO o 4 B 4 K, B A7 1
P A B L B E R A S S A
FEAE— 3 26 5 0 SV fa 95— 20, Hazdm For3y
SR A 2 B0 A B A AR SO A R &5 R
553023 ] rp 4 B 25 S th 3 AR — 5.

KU G 7 1T L 6 25 S it AR T G Rl L
B S TS (T =288K, p° =101 870
Pa) #F A T 00 T KB 24 M il 2k, 0 5 5 56 45 21
TN 4Ce) ~ B 4 (D FFx. AT LLE H L 4 X 5%
Hon=82. 1Yo BEA TR B R «° 555
EHIEARY G R " FEB T ST WA 84, b
& U D SR E AR T RUE RIS A s n=100%
B BSCTE A ADL R P B 5 S92 30 11 2 S /DN S RB03R 1Y o
A AH 223/, 7= A TR e 22 1 32 2 D R B0



1680 to= @ o R ERIE

_0.2 L 1 1 1 1 L 1 1 0_05 L L L L 1 1 1 1
20 60 100 140 180 20 60 100 140 180
0/(°) o/(°)
(a) SEY IR (b) ¥iHEZEL(EIE B) (c) Wit HE A (A D)
Mo Em—0 g,
2—-&}%\ 22 0.95
\Q‘)ﬂ: 2.1F 0.90 -
Exp. ||CFD qz%‘ 20k o )
0,,=0.9655|| 0,,,,=0.9689 %, OF —=— Exp. n=100% 0.85F
- 1.9 F —=— CFD n=100%
o w18k —*— Exp.n=82.1% . 0.80F
| —o—CFD n=82.1% T 075

| —=— Exp. n=100%

16 -"e\ 0.70 F—e— CED n=100%
sk 0.65 | —— Exp. n=82.1%

—o— CFD n=82.1%

1-4 1 1 1 1 1 1 1 0.60 1 L L 1 1 1
55 6.5 7.5 8.5 95 55 6.5 7.5 8.5 9.5
020 | Bt ml(keg/s) nif(kg/s)
(d) SR E) (e) B IL () %%

B4 BE TR BRI IE (S BRI KB 20

Fig. 4 Calculation method verification (S-shaped air intake and fan-stage)
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Table 2 Aerodynamic parameters at air intake exit under different suction angles that executed at the throat

Cguction / Maesign ) / o Cactsor Cuaso
% p=150° B=160° B=150° (p=160%) p=150° B=160°
0. 50 0. 991045 0.990970 0.252130250 0.256268953 0.044551699 0. 040657437
0.75 0.991639 0.991631 0.245071430 0.245422179 0. 042099960 0.041568561
1. 00 0.992326 0.992258 0.235904161 0.236502608 0. 037537577 0.038157794
1.25 0.992874 0.992806 0.227836519 0.228187254 0.034741423 0.034838418
1. 50 0.993489 0.993393 0.218358718 0.218878787 0.030635153 0.030855621
1.75 0.993946 0. 993899 0.211492380 0.210895752 0. 027255480 0.028462661
2.00 0.994 310 0.994 371 0.206232550 0.203794698 0.025065663 0.026499619
No control 0.990682 0.261375 0.051963

2.3 &@REFEERSW

Case 3,case 4 J7 ZXF b XUk 1 il 28 a0 /&) 6
JIE . AR B il w42 i R S P R TR )2 AR
FE I AR 2 W B 5 XU A T A0 o o A B —
(R TS5 & 32 TR 0 A B R L A il 8 42 11 7
SRRV S8 TR IR B B 4 T B ZE O i SRR
He KA 53 5034 24 0. 63 %61 0. 57 %.

P 7 Sy A i 428 o A R A T S B BT |
MRS ST R BE A3 AT B Mg, 38718 48 X7 AR A &

1.95
1.92 -
1.89 -
1.86 -
1.83 -
1.80 -
®LITE
1.74
171 F
1.68 -

165 @ No control (case 3)
1.62 - —@— Suction (case 4)

1.59 I 1 1 1 | 1 |
8.65 8.75 8.85 8.95 9.05

mi(kg/s)
(a) 2R LE

T kR, e SCH A s L. AT DLE S TR A
Ko R ik B TET U2 P IR e A, 1 RCE N RO AE
TN () o VAN 2 o el 182 D Rl N R U112 2= SO 1
IR T HESCTE T R A IS AR O T SR A M, B
A H 11 R T R A A A X 8k 4 o A A A T 1 AR A
1/3, a0 8 Ca) Pz, il W 45 i I, #F <038 N it 3
SYERIRALE W S TR B R A I A 2R
£ 19 1% A8 IE AR A R e . HE R IR B R 1A
FEEPRIEL120°~250" 5 X N A5 B [

0.87
0.84 -
0.81
0.78 I
0.75F
Tontb
0.69 -
0.66 |
0.63 1 —&— No control (case 3)
’ —@— Suction (case 4)
060 | 1 1 1 | 1 1
8.65 8.75 8.85 8.95 9.05
ml(kg/s)
(b) &l H

PR 6 i 4 o S XL 0 e il 2k

Fig. 6 Fan-stage characteristics curves before and after suction control
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Fig. 7 Mach number and velocity distribution on symmetry plane of the whole calculation domain

before and after suction control ( p=156 500 Pa)
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Fig. 8 Total pressure and total temperature distribution at air intake exit before and after suction control ( p=156 500 Pa)
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Adir intake exit

Definition of cross
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Fig. 9 Circumferential total pressure contour at sections in the stream wise in stationary frame

before and after suction control ( p=156 500 Pa)
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Fig. 10 Total pressure distribution in relative and stationary frame in different blade spans

before and after suction control ( p=156 500 Pa)
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before and after suction control ( p=156500 Pa)
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