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Ch. 1 INTRODUCTION


Wide Scope of Fluid Mechanics

- The earth is 75% covered with water and 100% covered with air.

- Virtually all transportation problems involve fluids – automobiles, ships, submarines, airplanes, rockets etc.

- Oceanography and meteorology.

- Combustion, irrigation and food processing problems.

- Homeland security and defense tasks.

- The major composition of most biophysiological and biomedical processes includes water, air and other forms of fluid. 
- On and on …

1.3 Problem-Solving Strategy

A. Define the Problem 
a. Carefully read the problem statement and specifications.

b. Collect necessary property data, tables and/or charts.

c. Correctly identify what is asked.

B. Plan the Solution Process

a. Construct a labeled sketch of FBD, the system or control volume.

b. List assumptions and constraints.

C. Carry Out Plan

a. Find an algebraic solution to the best you can.

b. Crunch numbers at the last stage.

D. Look Back

a. Examine the validity of your answer.
b. Review for physical interpretation.
1.4 The Concept of a Fluid

(Solid: 
A substance deforms with the application of force and remains at equilibrium with the applied force. This is due to stronger intermolecular forces.
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(Fluid: 
A substance deforms continuously with the application of shear force, regardless of its magnitude and direction.
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*Liquid: occupies well defined volume (~ incompressible).



*Gas: occupies any size and shape of volume (~ compressible). 

1.5 The Fluid as a Continuum
Continuum is defined within the length-scale range where the gross fluid properties, (i.e., ordinary concept of pressure, temperature, density …) can be defined. For example, the gross fluid property density is defined to be the mass per unit volume,
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Knudsen number is defined as the ratio of the mean free path to a representative length scale, 

Knudsen number, 
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[Average behaviors of many molecules are considered.]

~ 1 … rarefied or kinetic range


[Individual molecular/particular behaviors are considered.]
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[For instance, 
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*Fluid is considered as a continuum in AE 341 Fluid Mechanics.

1.6 Dimensions and Units
(Newton’s Law:  
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More comprehensively, 
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The conversion constant, or gravitational coefficient, 
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(1 slug = 32.174 lbm)

Example 1.1

1.7 Velocity Field

· Velocity vector in a general form:
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· Fully-developed axi-symmetric laminar pipe flow:
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Integration of the velocity field for the whole cross-sectional area will give the volume flow rate Q as:
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1.7 Viscosity and Surface Tension
The shear stress 
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The proportional constant is defined as dynamic viscosity as:
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· Fluid viscosity: function of fluid temperature
Gas viscosity: increases with increasing temperature


*Due to the increased thermal motion of gas molecules.

Liquid viscosity: decreases with increasing temperature

*Larger intermolecular distances, with increasing temperature, override the effect of the (slightly) increased thermal motion of liquid molecules.
■ Viscometer (Example 1.10)
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■ Surface Tension

… A measure of surface holding action. 

… No liquid drop will be formed without it. 

… No wetting will occur without it.

… Powdered material can be considered as a state of “zero” surface tension.
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* Surface Wetting

*Wetting angle 
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*Wetting strength: surface tension coefficient 
[image: image24.wmf](

)

m

N

/

U

 or (.

■ Capillary Rise
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[Selected questions given for 2008 Fall Midterm Exam 1]

■ With increasing temperature, absolute viscosity ( of a liquid generally (a) increases, (b) decreases, (c) remains unchanged, (d) has no correlation.


■ With increasing temperature, absolute viscosity ( of a gas generally (a) increases, (b) decreases, (c) remains unchanged, (d) has no correlation.


■ With increasing temperature, surface tension of a liquid generally (a) increases, (b) decreases, (c) remains unchanged, (d) has no correlation.


■ When an object of 300-pound weight is vertically lifted at 10 fps using a winch,  the required horsepower is (a) 300 hp, (b) 5.45 hp, (c) 0, (d) 10 hp, (e) 93.2 hp.


■ Ambient pressure at the sea level is equivalent to (a) 14.7 psia, (b) 34-ft water column, (c) 0.1013 MPa, (d) 1,013 milli-bar, (e) 29.96 inch Hg column.
[Choose all that are correct.]

■ A shaft of R in radius and L in length is concentrically located in a journal of the same length with the concentric gap distance h (<< R). The gap is filled with fluid of dynamic viscosity ( and the shaft rotates at an angular speed (.













(a) Determine the shear stress acting on the cylinder wall.





 (b) Determine the torque required to rotate the cylinder.





 (c) Determine the required power.








 (d) When ( is doubled, how many times will the horsepower need to be?



 (e) When R is doubled, how many times will the horsepower need to be?
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Homework Problem Set No. 1

Due by 12:19 pm on Wednesday of September 2, 2009

End-of-chapter problems:

P1.9

P1.32

P1.55

P1.56

P1.66

P1.70
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