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Review for Exam 1 
 
Chapter 1: Introduction and basic concepts 
 

• Definition of a fluid: a substance that deforms continuously when subjected 
to a shear stress 

• No slip condition: no relative motion between fluid and boundary, i.e., fluid 
in contact with lower plate is stationary, whereas fluid in contact with upper 
plate moves at speed U 
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• Properties of fluids 
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• Surface tension and capillary effects 
 
 

 
 
Chapter 2: Pressure and Fluid Statics 
 

• Pressure 
o For a static fluid, only stress is the normal stress since by definition a 

fluid subjected to a shear stress must deform and undergo motion. 
Normal stresses are referred to as pressure p. 

o P is isotropic, one value at a point which is independent of direction, a 
scalar. 

 

 
 

• Pressure transmission 
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• Absolute pressure, gage pressure, and vacuum 

 
 

• Pressure variation 
 

- with elevation 
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- for a uniform-density fluid 

 
 
 
- for compressible fluids 
 

 
 
- in the troposphere 
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- in the stratosphere 

 
 

• Pressure measurements 
Many devices are based on hydrostatics such as barometers and manometers. 
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• Hydrostatic forces on plane surfaces 
 

For a static fluid, the shear stress is zero and the only stress is the normal 
stress, i.e. pressure. 
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• Buoyancy 
 

Archimedes principle 
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• Stability of immersed and floating bodies 
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• Fluids in rigid-body motion 
 

 

 

 
 
- uniform linear acceleration 
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- rigid body rotation 
 

 
 

Chapter 3: Bernoulli equation 
 

• Bernoulli equation  

 
 

 Under the assumptions; 

 
 

 
• Physical interpretation: work-energy principle 
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• Static, stagnation, dynamic, and total pressure 
 

 
 

• Application of Bernoulli equation 
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• Volume rate of flow 
 

 
• Flowrate measurement 
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• Energy grade line (EGL) and hydraulic grade line (HGL) 
 

 
 
 

• Limitations of Bernoulli equation 
 

The Bernoulli equation cannot be used for; 
1. Compressibility effects 
2. Unsteady effects 
3. Rotational effects 
4. viscous flow 
5. flows that involve pumps or turbines 
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Chapter 4: Fluids Kinematics 
 

• Velocity and description methods 

 
 
Two approaches to analyzing the velocity field: 

 
o Lagrangian: keep track of individual fluids particles (i.e., solve F = 

Ma for each particle):  ˆˆ ˆ
p p pu i v j w k= + +pV

o Eulerian: focus attention on a fixed point ˆˆ ˆxi yj zk= + +x  in space, 
,  

where u = u(x,y,z,t),   v = v(x,y,z,t),   w = w(x,y,z,t) 
ˆˆ ˆ( , )t ui vj w= = + +V V x k

 
• Streamlines, streaklines, and pathlines 
 

Streamline: a line that is everywhere tangent to the velocity field. 
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Streakline: consists of all particles in a flow that have previously passed 
through a common point. 

 
Pathline: the line traced out by a given particle as it flows from one point to 
another. 
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• Acceleration Field and Material Derivative: 
Lagrangian approach: the velocity of a fluid particle is a function of time 
only. 

 
Eulerian approach: the velocity is a function of both space and time. 

ˆˆ ˆ( , , , ) ( , , , ) ( , , , )u x y z t i v x y z t j w x y z t k= + +V  
Total Acceleration = Local Acceleration + Convective Acceleration 
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• Separation, vortices, turbulence, and flow classification:  
 

o One-, Two-, and Three-dimensional Flow 
o Steady vs. Unsteady Flow 
o Incompressible and Compressible Flow  
o Viscous and Inviscid Flows 
o Rotational vs. Irrotational Flow 
o Laminar vs. Turbulent Viscous Flows 
o Internal vs. External Flows 
o Separated vs. Unseparated Flow 
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• Basic Control-Volume Approach and RTT:  
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CV CV

extensive property = dM dB β βρ= =∫ ∫ ∀
  

intensive propertyβ =  
 

 Continuity equation: , massB = 1β =  
 

CV CS

d d
dt

ρ ρ− ∀ = ⋅∫ ∫ V dA
  integral form 
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