6 4 Vol.6 No.4

1991 10 Journal of Aerospace Power Oct. 1991

A BB e KA K R

(1]

[1] 7 : (1)
- (2) (3)
X /
(D) (2)
(\3)
Ma 0.8 ,
SRS , SR7
[3 4]
. NASA (sl
>0l 720km/h .
: (1)
; (2) ; (3)
, AF .



292 6
[357 ’
, [8]
[9] ,
\ (1) ,
, (2 ,
D) (3) B 9
[10] .
(9]
) ) ,  Strouhal Ma
Re ,
, , [1 2]
Wo= =11 1.2 2= X85 050
b wx as
W o , Qoo , U



4 293

) b 5
[1] )
, Ma
la
” o
1b 75%
Ma 0 100 200 300 400 500 "
la b , Vu (ki)
I (a)
; () Ma
2 04
5‘&"]'() 2
031
i 0.2
3 =
6. 1
3 0.9 - i |
, . s 6° g* 12
73
2
, 1
3 , > ’
4 y (f/ fn) f(’
f »
4 , 60% fn

?

7 12°



294

6
a
t o
21
18*
i
15°f
B
12}
g R
ﬂ!/\\ 7 ye . . .
| \‘\J,f‘“»- — 0.6 0.7 0.8 0.9
' y ‘ i/f.)
0.20 0.355 0.51 0.665 0.82 0.975 uf
r=rf%,
3 4
2 2
1. ,
2.

[1]  Baker, J- E-» “The Effects of Vérious Parameters Including M ach Number on Propeller— Blade Flutter with Emph asis
on Stall Flutter”? NACA TN3357, 1955.

[2] Hubbard, H. H., Burgess, M. F. and Sylverster, M. A., “Flutter of Thin Propeller Blades Including Effects of
Mach Number Structural Damping and Vibratory — Stress Measurements near the Flutter Boundaries”] NACA

TN3707, 1956.

[3] Mikkelson, D- C., Mitchell, G- A. and Lawrence, J- B-, “Summary of Recent NA SA Propeller Research ™, NASA
TM 83733, 1984.

[4] Mehmed, O., Kaza, K. R. V., Lubomski, J. F., Kielb, R. E., “Bending— Torsion Flutter of a Highly Swept
Advanced T urboprop”; NASA TM82975, 1982.

[5]  Keiter, 1. D.. “fLow Speed Propellers—Impact of Advanced T echnologies”, in NASA CP-2126, 1981.

[6] McCormick, B- W., “Propeller Dynamics and Aeroelastic Effects”; in NASA CP-2126, 1981.

[7] Davis, D. G. M., “The Impact of Noise Regulations on Propeller Design”] SAE790593, 1979.

L8] . gt . Vol.6, No.4, 1991

[ 9] Liu, Q. S., Shen, M. Y. and Zhang, Q., “A New Method for High Speed Propeller Flutter Prediction”] in Proc.
of the Fifth International Symposium of U nsteady Aerodynamics & Aeroelasticy of Turbomachines & Propellers,
Sept. 1821, 1989.

[ 10] , < e , 1989



6 4 Vol.6 No.4
1991 10 Journal of Aerospace Power Oct. 1991

SPECIAL SECTION: AERIAL PROPELLER
EDITORIAL NOTE The Aerial Propeller Research and Development Cen—
ter (APRDC) of BUAA (Beijjing University of A eronautics and Astronautics) has
set up a preliminary computer-based designing system for metal aerial propellers
and carried out a series of basic researches for this purpose. Some original works
chosen from them are presented in this section.

AEROELASTIC STABILITY ANALYSIS OF

AERIAL PROPELLERS
Zhou Sheng ( APRDC, BUAA)

ABSTRACT At present, in respect of propellers of chinese commercial air-
planes, stall flutter deserves extra attention. In our designing subsystem both empirical
method and numerical simulation are employed for predicting‘the onset of stall flutter. In the
empirical method, three nondimensional parameters-at characteristic s€ction of the propeller
are used, 1. e. reduced frequancy inlet relative Mach number and incidence parameter. T he
numerical simulation is based on strip assumption. \_At-the strip sections of a propeller, the
transonic unsteady flow is consideredto-be induced by its oscillating blades. In calculation of
aerodynamic damping, a simple-engineering model is applied to/considering the large scale re—
gion of flow separation at the blade suction surface.~The results of numerical simulation for
a new designed propeller are'given.~The variations of incidence and inlet relative Mach num-
ber at the characteristic section with aircraft flight velocity are shown in Fig. 1and 2. The
dependence of the aerodynamic damping of*the propeller on the incidence at the characteristic
section in Fig. 3 corresponds|to the take-off regime of the airplane. It is shown that there is
no danger of the stall flutter/onset in this case. The spanwise distribution of the incidence un-
der the takeoff regime is-also given in Fig. 4. According to the whole flight envelope of the
airplane, the greatest possibility of aeroelastic instability of the propeller corresponds to the
ground static state of the airplane. At the ground static regime the incidence of the character—
istic section is 9. 96 T But the results of the numerical simulation show that there is no onset
of the stall flutter in this case. This conclusion has been testified by the long term tests of the
new designed propeller.

EFFICIENT LIFTING LINE METHOD FOR

COMPUTING PERFORMANCE OF PROPELLER
Chen Zemin and Pan Jieyuan (APRDC, BUAA)

ABSTRACT A n efficient lifting line method has been developed for computing
the performance of propeller. The present method features: 1. T he local gradient on the mean
camber surface is used as a boundary condition instead of plane boundary condition so as to
make the method applicable for propellers with large camber airfoil; 2. A very good approxi-
mation of the velocities induced by semi-infinite helical vortex lines is obtained by a combina—
tion of direct numerical integration of the exact integrand and exact analytical integration of
its enveloped functions, so that the required computing time is reduced to only about 10% of
the original one; 3. The effects of blade section drag and com pressibility have been considered
in the computation of the propeller performance comparison of analytical and experimental
results for a propeller are presented. It demonstrates the validity of the computational re-
sults, when the advance ratio is not too small.



