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Numerical Solutions of 3D Unsteady Viscous Flow in a Two-Stage Fan
LIU Qian—zhi
(Northwestern Polytechnical University, Xi‘an 710072, China)

Abstract: The numerical simulations-of the-unsteady flow induced by rotor-stator interac—
tion in a two-stage fan-were carried-out. A-three=dimensiorral unsteady Navier-Stokes equations
solver using a high=esolution fiite difference-has-been developed. It can be used for the calcula—
tion of steady flow field with'an implicit seheme. T he solution of steady flow was firstly obtained
by this code. T he unsteady flow computations were started from this solution. The unsteady flow
results show that the-unsteady effects on inlet flow angles of blade rows are significant. T he varia—
tions in inlet flow angles of stator blades are larger than that of rotor blades. In comparison with
the steady flow solution, the increases in unsteady flow attack angle are larger than the decreases.
The maximum increase is about 10 degrees. T he variations in unsteady aerodynamic force on sta—
tor blades are also larger than that on rotor blades. The unsteady flow effects caused by several
blade rows are different from that by single blade row.
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Fig.4 Aerodynamic Force on First Rotor
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Fig-7 Aerodynamic Force on Second Stator
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Fig-8 Total Pressure at Inlet of blade rows

[3]

[4]

[5]

[7]

[8]

[10]

10 )

GondyBurlet \K L,'Rai M M, Madavan N K. U nsteady
T hree-Dimensional Navier-Stok es Simulations of Multistage
Turbon achinery Flows[ R]. ATAA 93— 1979, 1993.
Davis'R Ly Shang T, Buteau J, et al. Prediction of 3-D Un-
steady Flow in Multi-Stage T urbomachinery Using an Im—
plicit Dual TimeStep Approach [R]. ATAA 96— 2565,
1996.

Hohn W, Heinig K. Numerical and Experimental Investigation
of Unsteady Flow Interaction in a Low Pressure Multistage
T urbine[ J]. J. of Turbomachinery, Trans. of the ASME,
2000, 122(4) : 628- 633.

Uzol O, Chow Y C,Katz]J, Meneveau C. Experimental Inves—
tigation of Unsteady Flow Field within a Two-Stage Axial
T urbom achine U sing Particle Image Velocimetry[ J].J. of
T urbom achinery, Trans. of the ASME,2002, 124(4) : 542—
552.

[J]. ,2000, 15(1): 12— 16.
. /
(. , 1999, 20(4) : 426- 430.
, . L1l

,2001,22(5) : 408- 410.

. [J1.
, 1988, 6(2): 143- 165.

Yoon S, Jamson A. Lower-U pper Symmetric Gause-Seidel

Method for the Euler and Navier— Stokes Equations| JI. A—

TAA J..1988,26(9):1025- 1030.

Messenger H E, Kennedy F E. Two-Stage Fan: - Aero-—

dynamic and Mechanical Design[ R]. NASA CR- 120859,

1972.



