
PHY 336L: FLUID MECHANICS: FALL 2021

Instructor: Prof. Richard Fitzpatrick

Overview

Fluid mechanics is one of the oldest branches of physics. In fact, one third
of Newton’s Principia was devoted to fluid statics. Moreover, the basic

principles of fluid dynamics were formulated by scientists such as Euler,
D. Bernoulli, and d’Alembert in the first half of the 18th century. Unlike
the governing equations of electromagnetism and quantum mechanics, which

are linear, the governing equations of fluid mechanics are nonlinear. This
nonlinearly has profound consequences, because it implies that fluid mechan-

ics is not scale-invariant. Indeed, fluid mechanics on small spatial scales is
fundamentally different to that on large spatial scales, because the former

is dominated by viscosity, and the latter is dominated by inertia. At first
sight, fluid mechanics on human scales falls into the latter class, and initially
lead scientists to explore it by completely neglecting viscosity. However, this

approach led to the paradoxical prediction that a flowing fluid could exert no
net force on an obstacle in its path. This paradox is known as d’Alemert’s

paradox, and was fully appreciated in the 18th century. However, the paradox
was not resolved until the early 20th century by the boundary layer theory

of Prandtl.
This aim of this course is to investigate fluid mechanics by first formu-

lating the viscosity-free version of the theory, and showing how it leads to
d’Alembert’s paradox, and then explaining how this paradox can be resolved
by means of boundary layer theory. The course will also investigate the theory

of both subsonic and supersonic flight.



Topics to be Covered in Course

• Mathematical Models of Fluid Motion

• Hydrostatics

• Incompressible (i.e., subsonic) Inviscid Flow

• Two-Dimensional Incompressible Inviscid Flow

• Two-Dimensional Potential Flow

• Axisymmetric Incompressible Inviscid Flow

• Incompressible Boundary Layers

• Incompressible Aerodynamics

• Incompressible Viscous Flow

• Waves in Incompressible Fluids

• One-Dimensional Compressible (i.e., supersonic) Inviscid Flow

• Two-Dimensional Compressible Inviscid Flow
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