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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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Research Question

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 iIs 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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Data from Yagi et al., C
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DHLLDV Model, The Solids Effect

Hydraulic gradient i, i, vs. Line speed v

I Lo o M @ | iquid il curve

I

- -Fixed Bed Cvs=c.

=== Sliding Bed & Sliding
Flow Cvs=c.

- «Heterogeneous Flow

Cvs=c.
/ = = Homogeneous Flow

Cvs=Cvt=c.

e Resulting im curve
Cvs=c.

e o o o Fixed Bed, Sliding Bed
& Heterogeneous Flow
Cvt=c.

-Fixed Bed, Sliding Bed
& Sliding Flow Cvt=c.

~
(]
=3
o
£
£
S
(O]
I3
©
=
£
N
i
=
c
ko
©
©
S
(2]
©
E
©
L -
©
>
T

¥ Limit Deposit Velocity

2.0 2.5 3.0 35 4.0
Line speed v, (m/sec)

Dp=0.1524 m, d=2.00 mm, Rsd=1.59, Cv=0.300, u=0.420

]
TUDelft

Dt Unlverslty o Technohogy Delft University of Technology — Offshore & Dredging Engineering

Offshore & Dredging Engineering




Data from Yagi et al., C

A\VAS)

Relative excess hydraulic gradient E,, vs. Hydraulic gradient i,
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Sliding Flow Regime
Chapter 7.7 & 8.8
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Flow Regimes

Relative excess hydraulic gradient E,; vs. Hydraulic gradient i,
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Verification & Validation, Durand

Relative excess hydraulic gradient E,, vs. Hydraulic gradient i,
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Verification & Validation, Boothroyde

Relative excess hydraulic gradient E,, vs. Hydraulic gradient i,
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Verification & Validation, Wiedenroth

Relative excess hydraulic gradient E,, vs. Hydraulic gradient i,
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Verification & Validation, All

Particle diameter to pipe diameter ratio d/D, versus Pipe diameter D,
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Phenomena

i 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.

] f1 Above d/D,=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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Equilibrium of Forces
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Derivation d/DIO Factor 1

Deposition = Suspension
Criterion: v, = u.(bed)

Equilibrium of forces on layer above the sliding bed
Fioi +F =Ap- A,

p,-us-Dy-sin(B)-AL+a, -p, -ui-Dy - (n—Pp)- AL
=Ap-A,-(1-C,,)

p;-UZ-D,-AL-(sin(B)+a, -(x—B))

i Ar-(1-C.)
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Derivation d/DIO Factor 2

Z Equilibrium of forces the bed
Fo, +Ap-A,=F,4+F,, F,, =small and is neglected here

Dp 'Sin(B)'AL'I'Ap'Ap Cur = Kyt '(ps_pl)'g°Ap -Cos ‘AL

‘ Sln(B)+OL (n—B)
((1 C..) .

-Dp-sin(B)+p' i

| -u-D, +(sin(B)+a, -(x-B)-C,,)

(1_Cvr) =usf'(ps_pl)'g'Ap'Cvs
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Derivation d/DIO Factor 3

Equilibrium of forces the bed
2 3
p;-Us-Dy-(sin(B)+a. -(r-P)-C
W:usf.(ps_pl).g.p\p.cvs
Vvr
2=usf'(ps_pl)'g'Ap'va'Cvr'(l_Cvr)
p-D, -(sin(B)+a,-(n—B)-Cy)

Hst 'de 'g'Dp 'va 'Cvr '(1_Cvr)
(sin(B)+aT-(n—[3)-Cvr)

i
4
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Derivation d/D, Factor 4
Friction velocity squared
Het Rgq+9-Dp-Cyp - Cyy '(1_Cvr)
(sin(B)+a - (n—B)-Cy)

T
U =—-
A

Settling velocity

v |4 Rargrdy o
t 3 Co t

—
3 CD 4 (Sin(B)-l_a’r'(Tc_ﬁ)'Cvr)
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Derivation d/DIo Factor 5

With wall shear stress
) s *Cup - Cyr '(1_Cvr)
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Particle to Pipe Diameter Ratio, Spheres

Particle diameter to pipe diameter ratio d/D, versus Relative concentration C,,
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Particle to Pipe Diameter Ratio, Gravels

Particle diameter to pipe diameter ratio d/D, versus Relative concentration C,,
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Shear Stress Ratio

Shear stress ratio «, vs. relative line speed v, C,,=C,/C,; SLM-D-W
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Particle to Pipe Diameter Ratio, Spheres

Particle diameter to pipe diameter ratio d/D, versus Relative concentration C,,
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Particle to Pipe Diameter Ratio, Gravels

Particle diameter to pipe diameter ratio d/D, versus Relative concentration C,,
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Conclusions

8« [tis 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/D, ratio of
0.015 closely for spheres.

* For sand and gravel particles the d/D,, ratio Is closer to
0.03.

1+ The d/D,, ratio depends weakly on the pipe diameter

¥ and the particle diameter.

~+ The d/D, ratio depends strongly on the particle shape

and the particle drag coefficient.
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Questions?
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