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NUMERICAL OPTIMIZATION PROGRAM FOR DESIGNING

CONTROLLED DIFFUSION COMPRESSOR BLADING
Liu Bo, Zhou Xinhai, Yan Ruqun
( Northwestern Polytechnical University )

ABSTRACT A numerical optimitization design procedure has been worked out
for generation of the Controlled Diffusion Airfoil (CDA) of axialflow compressors. T he
cascade total pressure loss coefficient is chosen as an objective function. The numerical
optimization design procedure is composed of four programs, i. e., the program for
optimization of the prescribed velocity distribution, the initial blade profile generation
program, the program for compressible, inviscid flow computation and the program for in—
verse boundary layer computation. At first the initial blade shape is generated, then the
design procedure can be used to optimize the initial blade profile at design and off-design
conditions until the final shape of the blade is satisfactory.\In order to demonstrate the
feasibility of the procedure, the numerical optimization design program was carried out for a
compressor stator blade at hub section with high loading and large flow turning angle. The
designed cascade has been tested. The test-data show-that the flow ‘at design conditions is sh—
ock—Hfree. Compared with the conventional-cascade,~the Controlled Diffusion Airfoil (CDA)
cascade designed canenlarge the incidence angle range, increase critical M ach number and st—
rengthen the tail\edge of the blade! Besides;—the CDA cascade has much smaller losses and
deviation angle than the conventional eascade. It is verified that the design procedure is
feasible for the generation of/the ‘€Controlled Diffusion Airfoils.

EXPERIMENTAL INVESTIGATION OF TURBULENT

DRAG REDUCTION IN COMPRESS CASCADE
Miao Runtian and Wang Liangui
(Sheny ang Aeroengine Manufacture Conpany)
Gao Ge and Tang Zhiming
(Beijing University of Aeronautics and Astronautics)

ABSTRACT Recent researches of theory and experiments indicate that
turbulent drag is directly related to tiny coherent (organized) structure inside the turbulent
boundary, and in turbulent flow field the flow drag of the specially designed non-smooth
surface can be less than that of smooth surface. Based upon the above mentioned theory, six
compressor cascades with different patterned surfaces have been experimented. T he profile of
the cascades was chosen from a stator vane of a reference compressor. T he experiments have
been performed in a near-sonic wind tunnel. The results obtained at the same M ach number
as the reference compressor works indicate that the appropriate patterns on the surface
improve the performances of cascades. Compared with the reference smooth cascade, the best

one of six tested cascades raised the critical Mach number by 7.3 percent. The air flow
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deflection angle at the design conditions increased by 0. 9 Correspondingly, the deviation an-
gle decreased by 0. 9 And maximum static compression ratio rised by 0.0177. The another
one of the tested cascades obtained similar results. A brief analysis of the experimental re-

sults is also presented.

PREDICTION OF STALL MARGIN

FOR MULTISTAGE AXIAL FLOW COMPRESSORS

Zhu Jiungiang and Liu Zhiwei
(Northwestern Polytechnical University )

ABSTRACT Two methods for predicting the onset of rotating stall in multistage
axial flow compressors are provided in this paper. First, the semi-em pirical criterion about the
isolated blade row is extended to the analysis of the multistage axial flow compressors. The
downstream condition of preceding stage is considered as the upstream one of next stage and
similar calculation is made for every stage. By comparison of the flows for each unit at the
onset of rotating stall, the stall margin of the multistage compressor can be'determined. T he
results of prediction agree with the experimental data fairly well. Secondly,/with the help of
the unsteady two-dimensional incom pressible flow-model,—the'inception eriterion of rotating
stall for a double stages axial flow compressor is derived-in ‘detail according to a small
disturbance stability theory. Characteristic equation is solved) iteratively using a Newton-—
Raphson scheme. Some numerical examples have been predicted with the aid of the written
computer codes. Good-agreement between the-analytical-and experimental results indicates
that the analysists believable.\The variations of damping factor under the different conditions
are compared and the rate of loss variation’is analysed as inlet relative airflow angle increases
for each blade row . The above-mentioned two approaches both can be used to predict the stall

margin for subsonic and transonic multistage axial flow compressors.

EFFECT OF HUB TREATMENT ON PERFORMANCE OF

AN AXIAL FLOW COMPRESSOR
Du Zhaohui and Liu Zhiwei
( Northwestern Polytechnical University )

ABSTRACT The hub treatment with a circumferential groove was tested on the
stator hub and compared with the casing treatment over the rotor tip for a single stage axial
flow compressor. The 3D flowfield at the downflow of stator and rotor blade rows, in
particular its endwall flowfield, in optimum operating and near stall states were measured by
a micro{ive-hole probe. It was shown that stall margin can be improved not only for the
singlestage (m= 2.96%) , but also for the rotor (m= 2.79%), even if the onset of stall is
at the rotor tip first. The reason is that the stall affected by treatment groove to retard the
appearance of stall. Some initial researches have been made for improvement of performance
of the single stage and rotor, as well as the relation between the rotor and stator. It is found

that the trend in variation of the most performance parameters of the rotor with hub



