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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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Introduction
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DHLLDV Model, The Solids Effect

Hydraulic gradient i, i, vs. Line speed v,
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X Limit Deposit Velocity

2.0 25 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
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Data from Yagi et al., C
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Inclined Pipes
Chapter 7.14 & 8.15
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Pump/Pipeline System

! Pumpn Segment n

Hn—1, out_Hn, in

/
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R g “/ // w _ ///

Total pressure/power required
Cavitation limit of each pump
Deposition/plugging the pipeline
Limit Deposit Velocity
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Research Question

Problem definition:

Existing methods for determining the hydraulic gradient

(pressure losses) in inclined pipes simply multiply the

hydraulic gradient of a horizontal pipe with the cosine of

the inclination angle (to a certain power) and add the

potential energy term. These methods do not consider the

flow regimes.

* Flow regimes may respond differently to the
Inclination angle.

e The transition line speed between flow regimes may
shift.

o Some flow regimes may not occur at all.

* The influence of the inclination angle has to be
determined for each flow regime individually.
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Pure Carrier Liquid

Delft University of Technology — Offshore & Dredging Engineering E‘



Pure Carrier Liquid

d
dp A-L=1,-0-L+p,;-A-L-g-sin(0)
X

po=_9dp AL
97 dx p,-A-L-g

T-O-L +pl-A-L-g-sin(9)
p1-A-L-g p1-A-L-g

=i, +sin(0)
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Fixed/Sliding Bed Regime
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Fixed/Sliding Bed Regime
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Fixed Bed Regime

d
dp Al L = Tl 01 L+T12 012 L+pl Al L. ‘g Sln(9)
X
_dp AL
dx p;-Ay-L-g

__wO0i'L 1 Op-L pi-AcLeg sin (0)
piAp-Leg P1A1Lg Pr-Ay-L-g

=i, +sin(0)
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Sliding Bed Regime, Gravity
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Sliding Bed Regime, Forces
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Sliding Bed Regime

ime =i+ R Cys- (usf - COS (G) + sin(O))

Im,0 11,0

E =
rhg,0
de * CVS

= Py - cos(0)+sin(0)
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Heterogeneous Flow Regime
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Heterogeneous Flow Regime

B
Vv, -cos(O)-(l— CVS)

Str.0 = Shr -cos(0) = .
1

S

L

d 11.6-u. — v, -sin(0)

E g0 = Shr.o + S +5in(0)

\A

i =110 +(Shrp +Srep +5in(0)) Ry - C
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Homogeneous Flow Regime 1

A -(Vls +Vy - sin(G) - Cq )2

Z-g-Dp +s1n(6)

1lm,E) =

2-vy -sin(G)-CVs

i 1) +sin (0)+i, -
M

S

2:vg -sin(G))-CVS

=lheth-
Vi

S

Homogeneous Regimes
imo =1 (1+0g Ry Cy)+(1+Ryy - C,,)-sin(0)
Sliding Flow Regime

2.-v, -sin(0)-C
e 120 IO
Vi

J+(1+de.cvs).sin(9)

S
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Homogeneous Flow Regime 2

Homogeneous Regimes
im0 =i+ Ry Cyy (0 - +sin(0))
Sliding Bed Regime

S

im,9 = il,e +R-C- sin(6)+ i M

Vls

Homogeneous Regimes

i, g1
0~ ',0 s
E o0=—"——"=0 i +s1n(9)
2 Ry -C
sd \B

Sliding Bed Regime

ime—lLg o 2oy, -sin(0)

rhg,0 = |
de ) Cvs Vis ° de

E + sin(G)
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Limit Deposit Velocity

- NE
Vis,1dv,0 = Yis,ldv 'COS( )
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Inclined Pipe, Doron & Barnea (1997)

Hydraulic gradient i,,, i; vs. Line speed v
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Inclined Pipe, Doron & Barnea (1997)
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Inclined Pipe, Doron & Barnea (1997)
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Inclined Pipe, Doron & Barnea (1997)

Hydraulic gradient i,,, i; vs. Line speed v
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Inclined Pipe, D,=0.1524 m, C,
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Inclined Pipe, D,=0.762 m, C,,
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Conclusions

To construct the hydraulic gradient curve or relative
solids effect curve for inclined pipes, first the curves
for the different flow regimes have to be constructed.
Secondly from the individual curves, a resulting curve
can be constructed.

The different flow regimes may behave differently
with inclined pipes.

The method described matches well with experimental
data of Doron & Barnea, etc.
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Questions?
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