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AERODYNAMIC DESIGN OF PROPELLER

BY NUMERICAL OPTIMIZATION
Pan Jieyuan and Qian Huede (APRDC, BUAA)

ABSTRACT A numerical optimization method is presented for aerodynamic de—
sign of propeller. A s the basis of optimization, the strip theory based on Goldstein theory is
applied to prediction of the propeller aerodynamic performance. T he comparison of calculated
results with experimental data shows that, the strip theory is appropriate to the optimization.
The mixed penalty function method is used for the optimization. By the means of the method
presented here, two propellers have been designed and redesigned under identical flight condi-
tions. The calculated results indicate that the variation of efficiency with geometry parame-
ters is more gradual in the vicinity of efficiency maximum. It is also shown, if both chords and
twists in different sections are taken as design variables, the blade of the optimized propeller
would be more narrow than that if only the twists are taken as design variables. Therefore
the optimized propeller would be lighter and more efficient at cruise conditions.

AERODYNAMIC MODIFICATION OF A PROPELLER
Zeng Ming and Gu Gaochi (APRDC, BUAA)

ABSTRACT The aerodynamic design features of the propeller have been anal-
ysed at first. According to the analytical results and the modern-advancements in propeller
technology, the specifications of its expected modification have been proposed. In its overall
design the important parameters have been determined: The'\principles of/ optimization and
the version selection are outlined. From the comparisen between the wind tunnel testing re-
sults of both scaled models of the propeller and its modification, it is concluded that the modi-
fication is a great success. Its static thrust and takeoff climb efficiency are increased by
13.8% and 8.76% respectively. Its cruise_efficieneyand) noise level are also slightly im-
proved. All they exceed theexpected ones.

SURFACE FLOW VISUALIZATION OF ROTATING PROPELLER
Mao Xichang, Zeng Ming, Gao Chunfeng (APRDC, BUAA)

ABSTRACT Surface flow visualization has been carried out with tufts adhered
to the surfaces of the rotating propéeller blades. From the experimental results it is found that
in part of four fifths of bladé surface from hub to tip, the air flow runs from leading edge to
trailing edge in theoutward direction with some inclination to chord. In the region of one
fifth near the blade tip, flow separation and reverse flow occur at the blade surface, circula-
tion appears even in the serious case, in consequence negative thrust emerges, which cuts
down the efficiency of the propeller obviously.

NUMERICAL PREDICTION OF SOUND FIELD

GENERATED BY PROPELLER
Zhou Sheng and Huang Lixi (APRDC, BUAA)

ABSTRACT A fast and accurate numerical method is presented for predicting
the sound field generated by subsonic propellers. T he free space field, including the near and
far sound field radiated by noncompact sources, is calculated by means of a retarded time in-
tegration in time domain. The FW-H equation is applied to solving the sound field generated
by moving boundaries of solid body in the flow field, but its quadrupole term is neglected,
thus the noncompact sources mean the thickness source and the load source both included in
the dipole term. According to the assumption, the sound field generated by a 3-D shaped pro-
peller is considered as the sum of the terms radiated by each strip element located spanwise.
The pressure chordwise distribution at each element should be known before solving the
sound field. For this purpose a code solving 2-D compressible full velocity potential equation
with body-fitting coordinates is used which has been developed by BU AA previously. Com-
parison of calculated results with test data proves the present method and the code to be use—
ful engineering tools. This conclusion has been also testified in the design of a propeller.



