Lecture 2

Basic Principles of Hydraulic Engineering

The following are the fundamental principles of hydraulic engineering:

1. Conservation of Mass (also called Continuity);

2. Conservation of Energy;

3. Conservation of Linear Momentum;

4. Conservation of Angular Momentum;

5. Thermodynamics (internal and friction losses of mechanical energy);

6.  Dimensional analysis;

7. Hydrostatics (special case of momentum and/or energy conservation).

Concept of Flow and Continuity

Flow is the amount of a species (scalar or vector quantity) passing through an area per unit time.

Types of flow used in hydraulics include:

volume 

mass

mechanical energy

momentum

heat.

Volume flow = discharge = Q = ∫v .dA =  V A




1.1





     A

Mass flow = m( =∫dm’ = ∫ v .dA =  V A





1.2


                 A         A

Flow of kinetic energy =KE( = ½ ∫ v2 dm’ = ½∫v 2 v .dA = ½  V3 A

1.3

                 

        A                  A

α = Kinetic energy correction factor =
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1.4
Flow of momentum = M( =∫ v dm’ = ∫ v   v .dA  (  V2 A   --- {Scalar approximation}1.5



         A              A

β = Momentum correction factor = 
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Definitions:

System – Fixed set of particles.
Control volume – Fixed volume in space.
Conservation of Mass (Continuity)
General Statement:

{Rate of change of Mass    = Mass flow into the c.v – Mass flow out of c.v

 in a control volume c.v.} 
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1.7

Special case:

 = constant and steady flow:
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Therefore for a inflow/outflow c.v. we get

 V1 A1 =  V2 A2 =  Q1 =  Q2 
or      V1 A1 = V2 A2 = Q = constant                  




1.8

[image: image5]
Assignment No. 1.1     Due Date : Next lecture.

1. Classify  the flow regime in the following trapezoidal channel (use typical properties):

Q = 1000 cfs

b = 20 ft

z =1.5  

y = 10 ft

Kinematic viscosity = 10-5  ft 2/sec

A = __________

B = _________  

P = __________

R = _________

D = __________

V = _________

Froude Number = _________

Reynolds Number =  ___________

2. Estimate the velocity head and momentum flow (M) for the channel in problem 1.

    Assume that the kinetic energy and momentum correction factors are: α = Kinetic energy correction factor = 1.05;  β = Momentum correction factor = 1.02. 

α V2/2g = ___________

M’= ________________

Lecture 3

Energy Principle for Steady Flow
General Statement for a Control Volume:

{Rate of change of Energy    = Flow of Energy into the c.v – Flow of Energy out of c.v

 in a control volume c.v.} 
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(3.1)
 =internal  energy per unit weight.

 = energy per unit weight.

Pout’ =  Rate of Mechanical Energy extracted by a turbine

Pin’  =  Rate of Mechanical Energy input by a pump

Heat out’ = Net Rate Heat Energy lost by conduction and radiation through the control surface.

Special case:

Assumptions: 1) steady state flow

2) incompressible flow

3) hydrostatic pressure

4) no chemical or nuclear reactions.

Concept of energy head
Energy head is the energy per unit weight of water flowing.

At a point:

Mechanical energy head = hT = p/ + hz + v2/2g

Cross-sectional average: 

Mechanical energy head = HT = p/ + hz + V2/2g

Other forms of energy:

Heat energy per unit weight = hSH 

Turbulence kinetic energy = hTu 

Construction an Energy Balance for a Conduit for the Special Case
Steady: Q1 = Q2 & ∂I/∂t = 0;  incompressible flow:  = 1 = 2 = constant.


[image: image7]
Word statement:-
Rate of change of energy in c.v. = Energy inflow - Energy outflow   = 0
or        Energy inflow =  Energy outflow                  **** Note the prime indicates a rate.
Q { HT1 + hSH1 + hTu1 } +  Pin’ =Q { HT2 + hSH2 + hTu2 } + Pout’  + Heat out’
Divide by Q
{ HT1 + hSH1 + hTu1 } +  Pin’ /Q  ={ HT2 + hSH2 + hTu2 } + Pout’/Q  + Heat out’/Q

Now  Pin’ /Q  = Hp = Pump Head and Pout’ /Q  = Htb =Turbine Head (extracted)
Collect all terms related to non-mechanical energy and define as hL
where hL ≡ [{ hSH2 + hTu2 } -{hSH1 + hTu1 } + Heat out’/Q]

Now  HT1 +  Hp  = HT2 + Htb + hL       






-- (3.2) 

The Claussius Theorem in Thermodynamic requires that  hL > 0; i.e. in real fluids there must always be a lost of energy in the direction of the flow. Therefore,

p1/ + hz1 + 1V12/2g +  Hp  = p2/ + hz2 + 2V22/2g  + Htb + hL 1-2   

  -- (3.3 pipe)

y1 + hz1 + 1V12/2g   = y2 + hz2 + 2V22/2g   + hL 1-2                                   
-- (3.4 open channel)
Tutorial Assignment 1.
1. Using energy and continuity principles estimate the flow under the sluice gate shown in the sketch below.  Assume: no head loss, α = β = 1, W = 6 ft, Gate opening = 2 ft; yo = 6 ft and Cc = 0.61.

_______________|

      |


6'
      |


      |


2'
__________

___________________________________

Assumptions:



Equations:

Continuity: 

Energy:

Solution:
Q = _______________
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Defining Sketch
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