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Introduction 

• we have forces on protection elements 

• forces are caused by flow 

• flow can be regular and fluctuating 

• fluctuations can be in the order of: 

• hours   tide 

• seconds   short waves 

• milliseconds  turbulence 
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velocity fields in various situations 
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Demonstration Reynolds number 

Flume with 

uniform flow 

velocity is approx. 

0.5 m/s 

5

6

0.5*0.2
Re 10

10

uh

 
 turbulent in case Re > 2000 
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velocity 

m *       a       =        F 
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velocity registration in turbulent flow 
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turbulent variations 
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exchange of momentum 
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Flow resistance 

2
fc u 

In turbulent flow quadratic terms become 

dominant and relation between  an u becomes 

quadratic 
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resistance in laminar and turbulent 
flow 
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uniform wall flow 
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Cress 
Coastal and River Engineering Support System 

• Simple program to solve hydraulic engineering equations 

• Downloadable from: 
 http://www.cress.nl 

• English, Spanish and Dutch 

• extended help  

• focus on dikes and related structures 

• Requires Administrator rights for installation 

• Also available on citg-network (?) 
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Cress (2) 



5 November 2009 17 

Cress (3) 
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example 

Given: discharge q=20 m3/s channel width bb10 m side slope 
bed slope i=1/1000 roughness 0.2 m vertical m=0 

calculate  h and u 

assume h=1 
R= bh/(b+2h)=0.83 
C=18log(12*0.83/0.2) 
   = 30.6 
Q = bh CRi 

    = 10*1*30*0.3*.001 
    =8.83 m3/s 
   too low, increase d 

Cress 

C:/Program Files/RWS CRESS/rekenregels.exe
C:/Program Files/RWS CRESS/rekenregels.exe
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output of program 
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growth of boundary layer 
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influence of pressure gradient on 
velocity profile 

uniform                accelerated             decelerated 



5 November 2009 22 

turbulence in windtunnel contraction 

the fluctuations in x-direction 

decrease due to acceleration 
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flow, velocities and turbulence in 
mixing layer 

z 

5° 

10° 

ct4310/01overzichtstroming 

BB: 4310V2-MixingZone 
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flow and velocities in jets 
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jet equations 
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turbulent fluctuations in circular jet 



5 November 2009 27 

data from Victor van Veldhoven 2002 
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Reynolds dye 
experiment 
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Video on Turbulence 

• Presented by Robert W Stuart 
University of British Columbia 

• Produced by the national committee for fluid 
mechanics films, national science foundations 

• Downloadable from: 
http://web.mit.edu/fluids/www/Shapiro/ncfmf.html 
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flow separation around blunt and 
round body 
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flow phenomena in backwater-facing 
step (1) 
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flow phenomena in backwater-facing 
step (2) 
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turbulent separation over a 
rectangular block 
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flow characteristics around a sill 
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flow characteristics in a horizontal 
expansion 



5 November 2009 36 

flow characteristics for a horizontal 
constriction 
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flow 
around 
cylinder 
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possible load reduction of flow 
induced loads 
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appendix 
basic equations 
turbulence 
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basic equations 
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forces and flow with regards to 
dxdydz 
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simplified Navier-Stokes equation 
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continuity equation 

 u  w
 +  = 0

 x  z
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after some mathematics... 
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Reynolds equation 
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(in)stability of laminar flow 
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The Reynolds number 

transition from laminar to turbulent flow: 

Re  1000 - 2000 

 = dynamic viscosity 

 = kinematic viscosity ( = /) 
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wall turbulence and free turbulence 
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energy cascade in turbulent motion 
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flow and turbulence in hydraulic jump 


