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2. Objective
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3. Methodology 7 |
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Fig. 5 Temperature profile at pipe wall for h = 40
without (left) and with (right) sea current

-A 2-D mathematical model describing oil flow in a.
“riser is formulated. It consists of Navier-Stokes* )
.Equation and the equation of energy conservation: .
-forming a system of PDEs. The effect of the sea- - Surrounding Temperature

_water to the system of interest is represented by a“ “To cover the effect of laminar flow of sea water, the
-boundary condition at pipe wall having a term of. - surrounding temperature is modeled as

“surrounding temperature. The temperature of sea-
.water is modeled generally to cover the existence of.
dynamic laminar flow. The mathematical model is-
.solved analytically, and numerically by Finite

- Difference Methods.

with

7. Conclusion

Distribution of an oil temperature in a riser is.
mainly depend on material properties (pipe .
conductivity and wall thickness), fluid properties -
(Reynold Number), and surrounding temperature:
(seatemperature).

_ with dynamic laminar flow

:N otations

To prevent wax formation, the ratio between pipe
conductivity and wall thickness has to be set"
appropriately.

reference temperature :
reference velocity
reference pressure
reference length
reference radius

pipe conductivity

pipe wall thickness
Reynold‘s number
surrounding temperature
surrounding velocity
gradien constant

velocity constants

The system of equations above is solved numerically .
by Finite Difference Method (FDM). The velocity -
profile (Fig. 1) along the radial direction is calculated '
directly from the analytical solution.

Practically, heat loss can be reduced by installing:
insulator at the position that is predicted by the.
present model. "

The temperature profile is simulated in transient.
case. Forward difference is applied to time -
derivative and upwind scheme is applied to
convective term. Special treatment should be given -
for radially symmetric boundary condition since the -
cylindrical coordinate is considered. .

: Assumptions

= 1. The fluid flowing is assumed to be an
~ incompressible Newtonian liquid
- 2. The liquid flows in vertical direction
* only but temperature varies both in
radial and vertical direction
. Friction factor between fluid and pipe
wall is neglected
. The vertical velocity does not
depend on time, it is only a function
of radial direction (radially
symmetric flow)
. The temperature surrounding the
pipe (sea temperature) linearly
decreases with respect to the depth

3. Software

“To predict location and specification of insulator, a.
-software is being developed using C++ after its
“prototype is tested.

The parabolic profile of velocity, in Fig.1, along
radial direction is obviously obtain from the Poisson -
equation with no-slip boundary condition at pipe wall *
and symmetric boundary condition at its center. This .
shape does not vary in depth and time.

At particular depth the temperature varies ( Fig. 2) in .
time and space (radius). Once the convective term -
reaches this position, the temperature at the center .
of pipe will be increasing gradually in time. Sea -
water produces the depression of the curve at pipe
wall.
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occurs do to temperature difference between fluid - )
and surrounding. i

Unit

m/s?

Parameters Description ‘ Value ‘

j Variables | Description

pipe length

T(r,z,t) | Temperature

pipe radius

w(r,z,t) Velocity
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Practically the surrounding temperature can’
possibly cause a serious problem to the flow. For.
instance, wax might be formed when the critical -
temperature is achieved. This case is illustrated in .
Fig. 4. To overcome this condition we can set up the -

joule/(s.m?’K)

fluid viscosity

thermal diffusivity

fluid heat capacity

pressure difference

gravity acceleration “

1528 joule/(kg.’K)

material (pipe) parameter. To avoid the problem we *
have to decrease the pipe conductivity by installing .
an insulator, or setting the pipe material and its -

thickness. This case is shown by Fig. 4 (right).

The existence of dynamic laminar flow of sea water will *
increase the heat loss. Therefore, the formation of wax .

might also occur at this region, as can be seenin Fig. 5.

for providing computing facilities and resources for-
“this work. '
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