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Goal of the project: The main objective
of the project is to elaborate an improved
methodology for investigating swirling
flows stability using the mathematical
analysis of hydrodynamic instabilities.
The proposed methods are based on the
application of stability and bifurcation
analysis techniques in order to understand
the dominant linear/ nonlinear instability
of the swirling flows problems with
applications in turbomachinery.

Short description of the project: The
project approaches the fundamental
problem of hydrodynamic stability of
swirling flows. A large area of applications in
problems of meteorological, aerodynamical
or fluid dynamics significance has renewed
theinterestinthestability analysis of swirling,
inviscid flows domain and the relation
between the onset of vortex breakdown and
hydrodynamicinstability oftheflow hasbeen
put under consideration. The occurrence of
the precessing vortex and other instabilities
in turbomachinery applications, address
the mathematical modeling, the dynamic
and stability of swirling flows, as well as the
vortex breakdown phenomenon, which are
all examples of fundamental problems in
fluid dynamics.

We propose spectral methods based
methodology that can be used for
investigating classical questions addressed
for swirling flows. Linear and non-linear
stability theory offer a quantitative
description of the flow behavior
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when infinitesimal disturbances
superimposed on the basic flow.

are

Most fluid flows display either a growth in
spaceoracomplexspatio-temporal growth
of disturbances. The main purpose is to
conduct stability investigations based on
the analysis of self-induced perturbations
propagation in the swirling flow which will
allow the recovery of the most relevant
information using available computer
resources in a very short time for a set of
parameters.

Implementation period:
05.10.2011-04.10.2013

Projectimplemented by:The Department
for Mathematics, University “Politehnica” of
Timisoara, numerical data and equipement
from National Centre for Engineering of
Systems with Complex Fluids (NCESCF) (at
University “Politehnica” of Timisoara).

Main activities: The main activities are
adequate for the proposed objectives
«Analytical analysis of spectral methods for
investigating the stability of the flow with
a research on efficient implementations of
linear solvers in the area

- Validate the results with data obtained by
the experimental programs considered at
NCESCF

«Actual application of the methods to
problems triggered by swirling fluid
dynamics

«Verification under industrially relevant
conditions which will help in establishing
the validity of the developed models

Results:

«Numerical results on the physical
parameters values for the swirling
flows problems with application in

turbomachinery

«Numerical analysis for the eigenvalue
problems governing the linear stability of
swirling flows
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-Convective/absolute instability analysis of
swirling flows

Extension of the 1D solver for solving
columnar swirling flows to the 2D case.

The results were presented to international
meetings on the subject and/ or published
in international journals or proceedings:
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The conclusions and a final report will be
delivered at the end of the project.

Fields of interest: The related physics
problem is complex with important
engineering  applications.  Solving  of
the problem using CFD techniques is
challenging and time consumEng. The
approach of the problem using spectral
method, which offers an alternative method
can reveal important and complex physics
and thus to improve engineering design
in an efficient way. The researches of the
projectimply solving present days problems
in turbomachinery hydrodynamics in order
to understand fundamental aspects of the
swirling flow hydrodynamic mechanisms so
that one can chose the most efficient flow
control method.

Financed by: Romanian National Authority
for Scientific Research, CNCS - UEFISCDI,
project number PN-II-RU-PD-2011-3-0153,
31/5.10.2011.

Research team: Assist. Prof. Dr. Florica loana
Dragomirescu; Prof. Univ. Dr. Eng. Romeo
Susan-Resiga

Aplicability and transferability of the
results: The feasibility of the project is
sustained by its significantly important
engineering theme, with the results of
importance for both applied mathematics
and engineering. The main, and most
important, goal is to explore the application
of our methods modeling techniques to
other applications involving simulation of
fluid flow. The results are better designs,
lower risk and faster time to the market place
for these processes. Immediate applications
within our research group include numerical
stability results for analytical and discrete
velocities profiles.
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