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Abstract: An equivalent actuator disk model of airplane propeller is presented, which takes into consideration
such factors as the pressure jump across the disk, swirl velocity of slipstream, variable-pitch propeller, and ro-
tating speed of rotor, etc. The model is placed in the Navier-Stokes program NAPA and the flow field around
the actuator disk is calculated. The flow characteristics are discussed and the validation shows that the compu-
tational results of thrust and torque are in good agreement with the testing data. It can be concluded that the
actuator disk model can correctly predict the thrust, torque and the pressure and swirl velocity changes of the
propeller. The model can be used as a simplified but realistic one in the analysis of propeller slipstream inter-
ference effects. Then the three dimensional flow field around a four-engine turbo-prop airplane is simulated
using the actuator disk model. The effects of propeller slipstream on the characteristics of the flow field are
analyzed and the increments of lift and drag coefficients caused by slipstream are presented. The results show
that the vortices caused by propellers can change the flow field and produce deflection of streamlines on wing
surface. The propeller slipstream can alter the pressure distributions on wing surface evidently, which will
increase the lift and drag coefficients of the airplane, and the greater the slipstream intensity, the greater the
increment.
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Fig. 1 Propeller blade section with velocities and forces
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Fig. 2 Area element of actuator disk
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Fig. 3 3D Computational grids of actuator disk
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Fig. 4 Velocity vectors upstream/downstream of ac-

tuator disk
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Fig. 5 Mach contours/streamlines at symmetrical pro-
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Fig. 6 Pressure changes across actuator disk at 0. 7R
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Fig. 7 Velocity change across actuator disk at 0. 7R
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Table 1 Comparison of computational and test results of

propeller thrust

REMAE/N HEME/N RE/ %
KA1 44. 00 41.23 —6. 30
RE 2 65. 80 61. 29 —6.85
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Table 2 Comparison of computational and test results of

propeller torque

HREHE/(N-m) HEH/(N-m RE/%
RE 1 5. 43 5. 54 2.12
W& 2 6.33 6.52 2.92
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Fig. 8 Pressure distributions on an airplane

mE 8 A LU, A LR R N LR REE
T RBERBOKR, WL B H AL B B REOE
AR, AR, EREAZEAT 4 X 4/
8 MR AR E X, F K B 9 B IR E X 24
THLRRE S 6 & 3 HLE R B A W OFRLED Pl
R ERE I FELANEEE, XN LS
KA A A B A IE LR 1A T W AR AL S 22 55 il L 98 IR
HERYPE R E SRR REXY K. B8
P AE A LI R B R f R A A
0 22 B g, 90 B B K 5 X VMR 3 4 e S T 1) Ay
WA RPLE R AR K.

KRR, X FHLIR T RE B RAEREN R
THE. AL WAL/ T AR B RERE S
BARTHRTREWESN, MAKRETHRERE
ialisk ey

B OGMTH. LR A RMYLR Rk
. LA MERENREAFE. AR
i, WL b 2R T Y Ik A A R e, 0 T AR A I Y
WM A RmE, AR AN RK R AmMAE. Bl
SRR AT, BT R M AL R B E, LW
0T A v e R B KL e e O 1) 5 3R R T 1)
—3.

?hx

z

No.4

No.3

(2) HWH (b) R

B9 HMELRARK

Fig. 9 Streamlines on wing surface
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Fig. 10 Velocity vectors on cross section of airplane
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