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Introduction 
Fluid Mechanics 

Faces of Fluid Mechanics :  some of the greatest minds of history have 
tried to solve the mysteries of fluid mechanics  

Archimedes Da Vinci Newton Leibniz Euler 

Bernoulli Navier Stokes Reynolds Prandtl 



ÅFrom mid-муллΩǎ ǘƻ мфслΩǎΣ ǊŜǎŜŀǊŎƘ ƛƴ ŦƭǳƛŘ ƳŜŎƘŀƴƛŎǎ 
focused upon 
ïAnalytical methods 
ÅExact solution to Navier-Stokes equations (~ 80 known for simple 

problems, e.g., laminar pipe flow) 

ÅApproximate methods, e.g., Ideal flow, Boundary layer theory 

ïExperimental methods 
ÅScale models:  wind tunnels, water tunnels, towing-tanks, flumes,... 

ÅMeasurement techniques:  pitot probes; hot-wire probes; anemometers; 
laser-doppler velocimetry; particle-image velocimetry 

ÅMost man-made systems (e.g., airplane) engineered using build-and-test 
iteration. 

ÅмфрлΩǎ ς present :  rise of computational fluid dynamics (CFD) 
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Basic concepts 



What is a fluid? 

ÅA fluid is a substance in the gaseous or liquid form 

ÅDistinction between solid and fluid? 

ïSolid:  can resist an applied shear by deforming.  Stress is 
proportional to strain 

ïFluid:  deforms continuously under applied shear.  Stress is 
proportional to strain rate 
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What is a fluid? 

ÅStress is defined as the 
force per unit area.  

ÅNormal component:  
normal stress 

ïIn a fluid at rest, the 
normal stress is called 
pressure 

ÅTangential component:  
shear stress 



What is a fluid? 

ÅA liquid takes the shape of 
the container it is in and 
forms a free surface in the 
presence of gravity 

ÅA gas expands until it 
encounters the walls of the 
container and fills the entire 
available space.  Gases cannot 
form a free surface    

ÅGas and vapor are often used 
as synonymous words 

 



What is a fluid? 

           solid 
 
 
 
         strong                          Ą                              weak 
 
                           intermolecular bonds 

liquid gas 

Pressure can be measured on 
ŀ ƳŀŎǊƻǎŎƻǇƛŎ ǎŎŀƭŜ Χ 



No-slip condition 

Å No-slip condition:  A fluid in 
direct contact with a solid 
ȫȫǎǘƛŎƪǎϥΨ ǘƻ ǘƘŜ ǎǳǊŦŀŎŜ ŘǳŜ ǘƻ 
viscous effects 

Å Responsible for generation of wall 
shear stress tw, surface drag D= 
ҝtw dA, and the development of 
the boundary layer 

Å The fluid property responsible for 
the no-slip condition is viscosity 

Å Important boundary condition in 
formulating initial boundary value 
problem (IBVP) for analytical and 
computational fluid dynamics 
analysis 
 



Classification of Flows 

ÅWe classify flows as a tool in making simplifying 
assumptions to the governing partial-differential 
equations, which are known as the Navier-Stokes 
equations (for Newtonian fluids) 

ïConservation of Mass 

 
 

ïConservation of Momentum 
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Viscous vs. Inviscid Regions of Flow 

ÅRegions where frictional 
effects are significant are 
called viscous regions.  They 
are usually close to solid 
surfaces. 

ÅRegions where frictional 
forces are small compared 
to inertial or pressure forces 
are called inviscid 



Internal vs. External Flow 

ÅInternal flows are 
dominated by the 
influence of viscosity 
throughout the 
flowfield 

ÅFor external flows, 
viscous effects are 
limited to the boundary 
layer and wake. 

 



Compressible vs. Incompressible Flow 

Å A flow is classified as 
incompressible if the density 
remains nearly constant. 

Å Liquid flows are typically 
incompressible. 

Å Gas flows are often compressible, 
especially for high speeds. 

Å Mach number, Ma = V/c is a good 
indicator of whether or not 
compressibility effects are 
important. 
ï Ma < 0.3 :  Incompressible 
ï Ma < 1 :  Subsonic 
ï Ma = 1 :  Sonic 
ï Ma > 1 :  Supersonic 
ï Ma >> 1 :  Hypersonic 



Laminar vs. Turbulent Flow 

ÅLaminar:  highly ordered 
fluid motion with smooth 
streamlines.  

ÅTurbulent:  highly 
disordered fluid motion 
characterized by velocity 
fluctuations and eddies. 

ÅTransitional:  a flow that 
contains both laminar and 
turbulent regions 

ÅThe Reynolds number,     
Re= rUL/m is the key 
parameter in determining 
whether or not a flow is 
laminar or turbulent. 
 



Steady vs. Unsteady Flow 

ÅSteady implies no change at a 
point with time.  Transient terms 
in N-S equations are zero 

ÅUnsteady is the opposite of 
steady. 
ïTransient usually describes a 

starting, or developing flow. 

ïPeriodic refers to a flow which 
oscillates about a mean. 

ÅUnsteady flows may appear 
ǎǘŜŀŘȅ ƛŦ άǘƛƳŜ-ŀǾŜǊŀƎŜŘέ 


