AE 341 Fluid Mechanics

       Lecture Note 2

2009 Fall

         Prof. K. D. Kihm

[http://minsfet.utk.edu]

Ch. 2 Pressure Distribution in Fluid
■ Basics on Fluid Statics

■ Principle of Barometer

■ Principle of Manometer

■ Hydrostatic Force on Surfaces


■ Buoyancy

■ Rigid Body Motion

■ Pressure Gage

Homework Assignment #2

Due at 12:19 p.m. on Monday of September 14, 2009
EoC Problems: 

2.41

2.65
2.94
2.115

2.122

2.139

Midterm Exam 1 [15%]
Scheduled on September 18 (Friday), 2009

Ch. 1 & Ch. 2 

2.1/2.2/2.3  The Basic Equations of Fluid Statics [
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*Newton’s Law:   
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 [First, conjectured, then never violated – Law!]
*Apply the Newton’s Law for an infinitesimally small fluid element (dxdydz). In the absence of magnetic, electric,…all other trivial forces:
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*NEGLECTING viscosity forces, the surface force has only the pressure contribution. 
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( Euler equation (Momentum or Newton’s or “force balance” equation without viscosity):
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For a static fluid (under a constant velocity or no motion at all), 
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x-direction:  
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y-direction:  
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z-direction:  
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On the earth, 
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Therefore, 
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 or p = constant in the x-direction, 
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 or p = constant in the y-direction, 

[Not valid for Rigid body motion where 
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 (Table 2.1) or p = p(z) in the z-direction.  
( Gage pressure versus absolute pressure
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Euler eq. for hydrostatics (a = 0): 
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Integration:
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[image: image74.jpg]Flow device





[image: image25]
■ Multi-layered fluids
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■ Temperature and pressure distribution in the U.S. standard atmosphere
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( Mercury Barometer


[image: image28]

2.4  Manometry

[image: image29]
Example 2.3
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2.5 Hydrostatic Forces on Plane Surfaces

( Plane submerged surfaces:
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The resulting hydrostatic force FR is given as (pp. 67-68):
[image: image75.jpg]Free surface P=p,

Resultant
force:
F=pegA

Plan view of arbitrary plane surface






[image: image32.wmf]A

p

pdA

F

CG

A

R

=

=

ò





where 
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 is the pressure in the liquid at the location of the centroid or center-of-gravity  of area A.

The location of the resultant force, 
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 is defined as:
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■ Centroidal moments of inertia for various cross sections
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Example 2.5
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2.6 Hydrostatic Forces on Curved Surfaces
■ The horizontal force FH ≡ The force on the projection area onto the vertical plane.

■ The vertical force FV ≡ The weight of the entire column of fluid above.
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Example 2.8
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2.8 Buoyancy 
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P2.109 Hydrometer [This device measures the liquid density.]
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2.9 Pressure Distribution in Rigid-Body Motion (a ( 0)
Euler Equation
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Ex. 2.13 A coffee mug under linear acceleration
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( Rigid Body Rotation
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2.10 Pressure Gauge
[image: image81.jpg]{<—3 cm —>




[image: image55]
[image: image82.jpg]Still -

level

i
2
water — — —[— 1 —
n

2

Volume = % R?h

— > —

Q2R?
=5






[image: image56]

 SHAPE  \* MERGEFORMAT 
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A silicon diaphragm type
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A micro-strain gauge type
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A micro-silicon resonator type
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Piezoelectric type
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FROM a previous midterm exam 1:

A rectangular dam of density 
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 and width L (perpendicular to the page) retains a body of water of density 
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 as shown. Assume that no water can penetrate underneath the dam. 
(a) Determine the resulting clockwise moment of the hydrodynamic forces about point A.
 
(b) Determine the counter-clockwise moment of the dam weight about point A. 



(c) Determine the minimum width c which would prevent overturning of the dam. 

(d) The world’s largest Three Gorges Dam (see Appendix) has been recently constructed in the Yangtze River in China. The dimension of the dam is approximately known as L = 2,400 m, h = 100 m, c = 100 m. Compute the minimum width c using your results of (c) and compare your estimation with the real value to quickly check the design safety. Assume the specific gravity of the concrete dam material SG = 2.0.
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Appendix Three Gorges Dam in China
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Tilted manometer type





Capacitive-type





Bourdon-tube type





Balanced bourdon-tube type
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(Formula for Parabolic Surface
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