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CFD Prediction of Unsteady Pressures Dueto Fan Rotor-Stator | nteraction
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Unsteady three-dimensional Navier-Stokes analyses and analytical calculations based on lifting-surface theory were used
to predict the unsteady pressures on stator vanes induced by rotor viscous wakes. Five different stator configurations are used
for this study: three radial stator configurations with different axial spacings, swept stator, and swept and leaned stator. The
study showed that both radial phase skew of the incoming rotor wake, and stator sweep and lean were effective to reduce the

induced unsteady pressure.
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Fig. 1 Computational grid for unsteady stage analysis
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Fig. 2 Schematic of the fan rotor and stator configurations
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Fig. 3 Comparison of radially averaged magnitudes of the upwash
velocity at the radial stator inlet
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Fig. 4 Schematic view of a rotor and a radial stator
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Fig. 5 Rotor wakes at the radial stator inlet at 100% rotation speed
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Fig. 6 Differences in the circumferential phase angle of a single rotor
wake between the tip and the hub at the radial stator inlet
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Fig. 7 Surface contours of a BPF component of the unsteady pressure
difference across the radial stator vanes at 80% rotation speed
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Fig. 8 Surface contours of a BPF component of the unsteady pressure
difference across the radial stator vanes at 100% rotation speed
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Fig. 11 Comparison of radially averaged magnitudes of the upwash
velocity at the swept stator inlet
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Fig. 12 Rotor wakes at the swept stator inlet at 100% rotation speed
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Fig. 13 Differences in the circumferential phase angle of a single rotor
wake between the tip and the hub at the swept stator inlet
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Fig. 16 Comparison of surface contours of a BPF component of
the unsteady pressure difference between the swept
stator ( BO1 ) and the swept leaned stator ( CO1 ) at 100%
rotation speed

gooooooobobono AP O0O00b0O0bDOb0O0ODO
Oooogoo(Bol)OAPOODOOOOOOOOODOO
O0O0O0Ooooo (Aoc20L=10C,) 00OOoOoooo
oooooobosol 0O A OO OOODOOOOOOOD
OoooOdoodeoonDOsO000O0OOCO 10000
00 de00O0000O0O0DOOOOOO0ODOOOOOOODn
gbooboboobobobobobobobobobooo
gooboooooooooogoogn

4. O0D0OO4OOO

gboooboo ckrD OOOOOODOOODOODOOOOOO
oooopob sbOooboobooobooobobooobon
ooooooooooo
(1) OOO0OoOO0oOOoOooOoOoooOoooOoooooo
gobbooobobooobbooobbgooooo
goboooboooboboobboobboooboo
gogo
(2) DO0O0OOOOODOOODOOODObOOoOboO
goooooboboboobobon

(a)d 800N

12 —O—0000000000
-O-00000000
10 A 0000000

O ooooooooooo
08 |

06 -

04 -

02 -

00000oooooooog AP0 —0O

go0o0oooLoOOooOOobobOODO O —0O

(b)0 1000 N

12 —0—0000000000
--QO--00000000

A 0O0O00Ooo

0 ooooooooooo

10
08 ..

.
04

02

0oooooooooooo 4P0 —0O
o
o

0 L L L ]
0 0.5 10 15 20

goooooLooooooooca —o
gooNoOOOoono

0170 OO0O0OOOOO0OOOOoOoOOocOoOOOOOobOOo

000ooooooooooooooooo
Fig. 17 Overall amplitudes of the BPF component of unsteady pressure
difference across the swept stator vane and the swept and
leaned stator vane

(3) bOoOoODOCOOObDODUObObDbDODOO
gobbooobbooobbooobbooobon
gooobobobooobooogoo

— 0boono —

gobboooobobooobobbooobboooon
goooobogb booboobooboboobooo
gobod bboooboooboobboobooon
0000 (NEDO) ODODOO0OOODOOODOODOODOO
ooobobbooooobobboooooboboooon
Oo0OOoOoooooobooon (JAXA)Doooooo
goobobO0O000 NEDO DOOOOOODOOOOO
googoobooooboo

o oogano

(1) N. H. Kemp and W. R. Sears : Aerodynamic

0000000 Vol.44 No.3(2004-5) 221



Interference Between Moving Blade Rows
Journal of the Aeronautical Sciences Vol.20 No.9
(1953) pp.58500597

(2) R. P. Woodward et al. : Acoustic Benefits of
Stator Sweep and Lean for a High Tip Speed Fan
AlAA-2002-1034 ( 2002)

(3) E.Envia: Fan Noise Source Diagnostic Test - Vane
Unsteady Pressure Results  AIAA-2002-2430 ( 2002 )

(4) K. Hirai et al. : 33rd Joint Propulsion Conference
& Exhibit AIAA-97-2735 (1997)

(5) M. Namba : Three-Dimensional Analysis of

222

Blade Force and Sound Generation for an Annular
Cascade in Distorted Flows  Journal of Sound and
Vibration Vol.50 No.4 ( 1977) pp.4790 508

(6) N. Tsuchiya et al. : Fan Noise Prediction Using
Unsteady CFD Analysis AIAA-2002-2491 ( 2002 )

(7) N. Tsuchiya et al. : Investigation of Acoustic
Modes Generated by Rotor-Stator Interaction
AlAA-2003-3136 ( 2003)

(8) A.Yamagataet al. : CFD Prediction of Unsteady
Pressures due to Fan Rotor-Stator Interaction
ISABE-2003-1130 ( 2003)

0000000 Vol.44 No.3(2004-5)



