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NUM ERICAL SOLUTION OF 3-D HY BRID PROBL EM

IN TURBOM ACH INERY
Chen Naixing, DongM ing, Zhang Jialin
(Institute of Engineering Themophysics, Chinese A cadeny of Sciences)

ABSTRACT A nenv numerical method for nlving aerodynamic hybrid problem
of fully three-dimensional (3-D) flow in turbomachinery ispresented Thismethod is based
on non-orthogonal coordinate system and contravariant velocity components and enploys the
approximate factorization-multigrid scheme in conservative fom. It has been proved that this
scheme mproves the numerical computation convergence speed and the computational preci-
sion

In the present hybrid solution method, themeridional positions (z, r) at all grid points
are kept unchanged in the proecssof iterations, but angular channel w idth &Pvaries Since all
themetric tensors are the funition of JF according to the relationship of the physical relative
velocity componentW 'w ith themetric tensors and the derivatives of potential function, the
relationship of the angular channel w idth Pw ithW ' is derived on the suction surface of the
blade, i e theangular channel width is the function of physical relative velocity component
W . Then the circumferential angular w idth could be obtained from the given target strean-
like velocity component distribution through the successive
iterative correction The computer progranm w ritten by thismethod for numerical lution
of the 3D hybrid problan has been gpplied to modify a single rotor compresorw ith satisfac-
tory results

EXPERM ENTAL INVESTIGATION ON VORTICAL TY PE FLOW

IN COM PRESSOR CASCADES
Tang Yanping, Chen Fang, Chen M aozhang
(B eij ing U niversity of A eronautics and A stronautics)

ABSTRACT A seriesof experiments to investigate the vortical flow in compres
0r cascades have been completed w ith ameasuring and visualizing systen. The phenomena
observed include the gereration of corner vortexes and the interaction betw een corner vortex-
es and boundary layers on the blade suction surface in the compresor cascades Based on
these expemental results, the flow
topology and vortex structure related to the flow pattern have been deduced at moderate inci-
dences How ever, at high incidences some important changes for the flow pattern gppear and
vortex breakdow n and reversed flow represent the main characteristics of the vortical flow.
Furthemore, the dynamic effects in the compresor cascade, such as the effectsof the vortical
flow on loading and losses, have been investigated T he resultsobtained are as follow s

(1) A tmoderate incidences, a high loss region in the corner gppears alongw ith the for-
mation of the corner vortex systen. Theprincipal lossmechanisn comprises (a) the three-
dimensional seperation of the corner vortex and secondary vortexes (b) mixing of fluidsw ith
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low and high momentum in the corner vortex system.

(2) A t high inidences, the reversed flow caused by vortex breakdow n and strong adverse
pressure gradient makes an mportant contribution to the loss increase

(3)A t high incidences, the excessive increase of loading near the endw all appearsmainly
by the front part of the blade section

From the abovementioned research a physical model for the vortical flow in compressor
cascades is obtained

APPL IEATION OFL EANED BLADESTO AN AEROENGINE
Gao Jingman
(Shenyang A eroengine Research Institute)

ABSTRACT In order to match the low pressure compresorw ith the high pres
sure one, theoutlet guide vane bladesof the low preseure compressor have been designeed to
be leaned circumferentially and radially. The two typesof the leaned blades have been tested
in an aeroengine T he results show that the leaned bladesobviously mprove the compressor
perfomance in the hub region, decrease the radial pressure ratio gradient and control the
flow at the endwall

THE INFL UENCE OF THE INL ETM ACH NUM BER
ON THE BOUNDARY LAYERDEVELOPM ENT

ON TURBOM ACH INERY BLADE SURFACES
Zhu Nianguo and XuL iping
(B eij ing University of A eronautics and A stronatuics)

ABSTRACT W hen Reynolds number and the blade surface pressure coefficient
distribution are kept constant, the influence of the inletM ach number on the boundary layer
development on the blade surfaces of turbomachinery is discussed w ith numerical smulation
asw ell as an order of magnitude analysis, based on the integral boundary layer equation The
effects of surface curvature and the free stream turbulence intensity on the development of
the boundary layer are al® estimated by the numerical smulation The results show that at
the ssmeReynolds numbers and surface pressure coefficient distributions, the variation of the
non-dimensional the integral param eters boundary layer w ith the inlet M ach number is very
snall, up to the criticalM ach number, the changes are usually w ithin the engineering toler-
ance The variation caused by the surface curvature difference isof the same order of that due
to M ach number, how ever the free strean turbulence level can cause ranarkable changes in
the development of the boundary layer.



