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Fluid Mechanics ?

•Everything flows, nothing stand still. 
– Heraclitus (Greek Philosopher, 535~475 B.C.)

•다음방정식은같은가, 다른가?
– Dynamics :

– Solid Mechanics : 

– Fluid Mechanics : 
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What is a fluid?

•A fluid is a substance in the gaseous or liquid form
•Distinction between solid and fluid?

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

– Fluid:  deforms continuously under applied shear.  Stress is 
proportional to strain rate
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5.4 The Bernoulli Equation

•The Bernoulli equation is 
an approximate relation 
between pressure, 
velocity, and elevation 
and is valid in regions of 
steady, incompressible 
flow where net frictional 
forces are negligible.

•Equation is useful in flow 
regions outside of 
boundary layers and 
wakes.



5.4 The Bernoulli Equation

•Interpretation of Bernoulli 
Equation

– Energy point of view : Conservation 
of mechanical energy

– Pressure point of view : Conversion 
between static – dynamic –
hydrostatic pressure

– Head point of view : Conversion 
between pressure – velocity –
elevation head
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10-5 Irrotational Flow Approximation

•Irrotational approximation: 
vorticity is negligibly small

•In general, inviscid regions 
are also irrotational, but 
there are situations where 
inviscid flow are rotational, 
e.g., solid body rotation (Ex. 
10-3)



•Compute pressure using 
Bernoulli equation and 
velocity on cylinder surface

Irrotational 
flow

Laminar
separation

Turbulent
separation

10-5 Examples of Superposition
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•D’Alembert’s Paradox : Integration of surface 
pressure (which is symmetric in x), reveals that 
the DRAG is ZERO. not true !!!!
– For the irrotational flow approximation, the drag force on any

non-lifting body of any shape immersed in a uniform stream is 
ZERO.

– Why?
• Viscous effects have been neglected.  Viscosity and the no-slip condition 

are responsible for
– Flow separation (which contributes to pressure drag)

– Wall-shear stress (which contributes to friction drag)

10-5 Examples of Superposition



10-7 Boundary Layer (BL) Approximation

•BL approximation bridges 
the gap between the Euler 
and NS equations, and 
between the slip and no-
slip BC at the wall.

•Prandtl (1904) introduced 
the BL approximation



11-5 Flat Plate Drag

•Drag on flat plate is solely due to friction created 
by laminar, transitional, and turbulent boundary 
layers.



Laminar vs. Turbulent Flow

• Laminar:  highly ordered fluid 
motion with smooth streamlines. 

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

• Transitional:  a flow that contains 
both laminar and turbulent 
regions

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



10-7 Pressure Gradients



10-7 Pressure Gradients

•Shape of the BL is 
strongly influenced by 
external pressure 
gradient

(a) favorable (dP/dx < 0)

(b) zero

(c) mild adverse (dP/dx > 0)
(d) critical adverse (w = 0)

(e) large adverse with reverse 
(or separated) flow



11-6 Cylinder and Sphere Drag

•Flow is strong function of Re.

•Wake narrows for turbulent 
flow since TBL (turbulent 
boundary layer) is more 
resistant to separation due to 
adverse pressure gradient.

sep,lam ≈ 80º

sep,lam ≈ 140º

Re=15,000, Smooth surface

Re=30,000, Trip wire



11-6 Effect of Surface Roughness


