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What is Offshore & Dredging Engineering? 

Offshore & Dredging Engineering 
covers everything at sea that does not 
have the purpose of transporting 
goods & people and no fishery. 
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In slurry transport several flow regimes are 
distinguished. The fixed or stationary bed regime, the 
sliding bed regime, the heterogeneous flow regime, the 
homogeneous flow regime and the sliding flow regime or 
fully stratified flow. These flow regimes each have their 
own physics. For the first 4 flow regimes many 
fundamental or empirical analytical models exist, 
however for the sliding flow regime or fully stratified 
flow there is only a simple criterion, the particle diameter 
should be larger than about 0.015 times the pipe diameter 
(Wilson & Sellgren). No good explanation is given for 
this criterion, nor a good definition is given. 
 
Here a possible solution to this is given. 
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Sliding Flow Regime 
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Durand, Condolios & Gibert  (1952-1960) 
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Wiedenroth (1967) 
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Phenomena 
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If the particle diameter to pipe diameter ratio is larger 
than about 0.015, the particles will not be suspended 
anymore, but stay in a fast flowing sort of bed, behaving 
according to a sliding bed. 
 
For 0.0075< d/Dp<0.03 there is a transition from 
heterogeneous behavior to sliding flow behavior. 
 
Above d/Dp=0.03 sliding flow is fully mobilized. 
 
The higher the line speed the smaller the concentration of 
the flowing particles at the bottom of the pipe.  
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Derivation d/Dp Factor 1 
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Derivation d/Dp Factor 2 
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Derivation d/Dp Factor 3 
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Derivation d/Dp Factor 5 
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Particle to Pipe Diameter Ratio, Spheres 
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d/Dp ratio for spheres without τ1, matching Wilson & 
Sellgren (0.013-0.018).  

Operational 



Particle to Pipe Diameter Ratio, Gravels 
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d/Dp ratio for gravels without τ1, higher than Wilson 
& Sellgren (0.013-0.018).  
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Particle to Pipe Diameter Ratio, Spheres 
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d/Dp ratio for spheres with τ1, still matching Wilson & 
Sellgren (0.013-0.018).  

Operational 



Particle to Pipe Diameter Ratio, Gravels 
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d/Dp ratio for gravels with τ1, higher than Wilson & 
Sellgren (0.013-0.018).  

Operational 
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• It is possible to derive a more fundamental equation 
for the transition between the heterogeneous flow 
regime and the sliding flow regime based on the 
assumption deposition=suspension. 

• This fundamental equation matches the d/Dp ratio of 
0.015 closely for spheres. 

• For sand and gravel particles the d/Dp ratio is closer to 
0.03. 

• The d/Dp ratio depends weakly on the pipe diameter 
and the particle diameter. 

• The d/Dp ratio depends strongly on the particle shape 
and the particle drag coefficient. 



Faculty of 3mE – Faculty CiTG – Offshore & Dredging Engineering 

Questions? 

© S.A.M 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

