
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ENGINEERING SCIENCES (SCI)

LICENTIATE THESIS IN
STOCKHOLM, SWEDEN 2013

Stability and transi-
tion of three-dimen-
sional boundary lay-
ers

SEYED MOHAMMAD HOSSEINI

Academic Dissertation which, with due permission of the KTH
Royal Institute of Technology, is submitted for public defence for the
Licentiate in Technology on Thursday the 13th June 2013, at 10:19 a.m.
in E3, Osquars Backe 14, KTH, Stockholm.



ISBN: 978-91-7501-808-9 | Trita-MEK 2013:14 | ISSN 0348-467X
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-123175

Abstract

A focus has been put on the stability characteristics of different flow types
existing on air vehicles. Flow passing over wings and different junctions on
an aircraft face numerous local features, ranging from different pressure
gradients, to interacting boundary layers. Primarily, stability characteristics
of flow over a wing subject to negative pressure gradient is studied. The
current numerical study conforms to an experimental study conducted by Saric
and coworkers, in their Arizona State University wind tunnel experiments.
Within that framework, a passive control mechanism has been tested to delay
transition of flow from laminar to turbulence. The same control approach has
been studied here, in addition to underling mechanisms playing major roles in
flow transition, such as nonlinear effects and secondary instabilities.

Another common three-dimensional flow feature arises as a result of
streamlines passing through a junction, the so called corner-flow. For instance,
this flow can be formed in the junction between the wing and fuselage on a
plane. A series of direct numerical simulations using linear Navier-Stokes
equations have been performed to determine the optimal initial perturbation.
Optimal refers to a perturbation which can gain the maximum energy from
the flow over a period of time. Power iterations between direct and adjoint
Navier- Stokes equations determine the optimal initial perturbation. In
other words this method seeks to determine the worst case scenario in
terms of perturbation growth. Determining the optimal initial condition
can help improve the design of such surfaces in addition to possible control
mechanisms.
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