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ABSTRACT 
The current generation system in deepwater offshore basin 

is important for the correct modeling of ocean environment. It is 
generally considered to be a challenge to obtain uniform and 
stable current flow in the basin. As technical assurance 
numerical and experimental studies are performed to investigate 
the characteristics of the deepwater current generation in the 
basin. Reynolds-Averaged Navier-Stokes (RANS) equations and 
the standard k-ε turbulence model are adopted to simulate the 
current generation system numerically. In addition a 1:10 scaled 
model test is also performed. In both numerical and 
experimental studies horizontal and vertical current velocity 
profiles, turbulence levels and pressure losses during the current 
recirculation etc. are studied. It is concluded that the perforated 
walls are key components of the current generation system. In 
addition various vertical current velocity profiles can be realized 
in the basin. 

 
NOMENCLATURE 

iu   Mean velocity component 
'
iu   Fluctuating velocity component 

iF   Force component 
ρ   Water density 
p   Water pressure 
υ   Kinetic viscosity of water 
: https://proceedings.asmedigitalcollection.asme.org on 06/28/2019 Terms of Use
tμ   Turbulent viscosity 
k    Turbulence kinetic energy 
ε   Dissipation rate of the turbulence kinetic energy 

tυ   Turbulent kinetic viscosity 

ijδ   Kronecker delta function 

INTRODUCTION 
In recent years many new concepts on floating platforms,  

which are applied to oil and gas exploitation in deep water have 
been developed, including floating production, storage and 
offloading system (FPSO), tension leg platform (TLP), semi-
floating production facility and SPAR platform etc [1-2]. These 
platforms are usually located in severe ocean environments. Due 
to the large investments and high risks [3-4], their 
hydrodynamic performances such as motions, environmental 
forces and structural responses in survival conditions need to be 
investigated. And reliable model tests need to be conducted 
based on correct modeling of wind, waves and current in 
deepwater offshore basin [5]. 

In this paper the deepwater offshore basin presently under 
construction at Shanghai Jiao Tong University is used as a case 
to be studied. The offshore basin is 50m in length and 40m in 
width. Its water depth can be adjusted between 0-10m. A deep 
pit is located in the basin with 40m in total depth and 5m in 
diameter. The main facilities of the basin include multi-flap 
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wave generator, wave absorption beach, deepwater current 
generation system, wind generation system, towing carriage and 
large area movable bottom etc. The maximum current speeds in 
the basin are required to achieve 0.4m/s at the surface and 
0.1m/s at the bottom. 

Numerical simulation of the current generation system is 
performed based on RANS equations and the standard k-ε 
turbulence model. Corresponding model test is also carried out. 
And the model scale is 1:10. Characteristics of the flow field, 
such as the current uniformity, vertical current velocity profiles, 
turbulence levels, and pressure losses during the water 
recirculation etc. are considered. The calculated and 
experimental results are compared to each other. Conclusions 
and suggestions are presented, which will be helpful for the 
design of the current generation system. 

DEEPWATER CURRENT GENERATION SYSTEM 
For that the ocean current in deep water has direct loads and 

influences on motion behaviors of the platform. Such an effect 
needs to be represented properly in model tests. Therefore it is 
crucial to model the sea current correctly to obtain reliable 
results [6]. Unfortunately, there exists great difference in 
uniformity and turbulence levels between the flow fields in the 
nature and the offshore basin. To simulate ocean environment 
correctly, the flow field in the basin should be uniform and 
constant, which means stable flow directions, low turbulence 
level with few vortices and reversed flows. In addition various 
vertical current velocity profiles need to be realized in the basin. 

The current in the deepwater offshore basin of Shanghai 
Jiao Tong University is generated by several powerful pumps 
and circulated outside the basin through inflow, outflow 
culverts, galleries and ducts. In Fig. 1 the sketch of the current 
generation system is presented consisting of the main part of the 
basin, inflow and outflow culverts, galleries, ducts and pumps. 
Compared with the current generation process in nature, the 
current in the basin is generated by pumps. These pumps will 
transfer a large amount of energy to the local volume of water. 
This process involves high current velocities, large gradients 
and turbulence excitations. To model the ocean current properly, 
disturbances such as vortices and reversed flows etc. need to be 
eliminated outside the basin. And it is also necessary to control 
the turbulence levels to ensure that the turbulence intensity is 
acceptable in the measuring area. Specific structures such as 
perforated walls, flow guiding vanes, mixing chambers and 
turbulence grids etc. need to be set in inflow and outflow 
culvert. 

It is clear that the current field in the basin is quite 
complicated. It is necessary to study the characteristics of the 
current field in the basin in detail. The commercial 
computational fluid dynamics software (FLUENT) is used as a 
tool to simulate the overall current field numerically. 
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Figure1. Deepwater current generation system in offshore basin 

BASIC THEORY 
 
RANS Equations 

For incompressible flows, the continuity equation and the 
Navier-Stokes equation can be decomposed into three 
components as follows: 

3
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i i
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=
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Where iu  and iF  are velocity and force components 
respectively (i=1, 2, 3), ρ  is water density, p  is water 
pressure and υ  is the kinetic viscosity of water.  

Turbulent flows are characterized by fluctuating velocity 
fields. These fluctuations will cause the transported physical 
quantities, such as momentum and energy to fluctuate as well. 
As these fluctuations are in small scale and high frequency, they 
are too difficult to be simulated directly in practical engineering 
calculations. Instead the instantaneous governing Eqn. (1) and 
Eqn. (2) could be time-averaged, such as Reynolds averaging to 
remove all small scales [7]. 

In Reynolds averaging the instantaneous variables can be 
decomposed into the time-averaged component and the 
fluctuating component. For velocity: 

'
i i iu u u= +                     (3) 

Where iu  and '
iu  are mean and fluctuating velocity 

components respectively (i=1, 2, 3). Similarly for pressure and 
other scalar quantities: 

'φ φ φ= +                      (4) 
Substitute the time-averaged terms above into Eqn. (1) and 

Eqn. (2): 
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Equation (3) and (4) are the Reynolds-Averaged Navier-
Stokes (RANS) equations. Where iu  and  ju  are mean 
velocity components (i, j=1, 2, 3), p  is mean pressure, υ  is 

the kinetic viscosity of water and ' '
i ju uρ−  is the Reynolds 

stress term. 
 

Standard k-ε Turbulence Model 

In RANS equations the Reynolds stress term ' '
i ju uρ−  

appears to represent the effects of turbulence. Therefore another 
new equation must be introduced to solve the RANS equations. 
One of the methods is to employ the Boussinesq hypothesis to 
close the equations:  

' ' 2
3

ji i
i j t t ij

j i i

uu u
u u k

x x x
ρ μ ρ μ δ

∂∂ ∂
− = + − +

∂ ∂ ∂

⎛ ⎞ ⎛ ⎞
⎜ ⎟ ⎜ ⎟

⎝ ⎠⎝ ⎠
   (7) 

Where tμ  is the turbulent viscosity, k  is the turbulence 

kinetic energy and ijδ  is Kronecker delta function. 
The Boussinesq hypothesis above is widely used in Spalart-

Allmaras model, k-ε model, and k-ω model (Zhang and Li, 
2004). Among them the standard k-ε model is usually adopted in 
practical engineering computation, which is semi-empirical and 
based on the model of transport equations for turbulence kinetic 
energy k  and its dissipation rate ε (Zhang, 2002). 

The turbulence kinetic energy k  and its dissipation rate 
ε can be derived from the following transport equations: 
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, it is the turbulence kinetic energy 

term and tυ  represents the turbulent kinetic viscosity. 
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The constants 1Cε , 2Cε , Cμ , kσ and εσ have the following 
standard values: 

1Cε =1.44, 2Cε =1.92, Cμ =0.09, kσ =1.0, εσ =1.0   (11) 

COMPUTATION AND MODEL TEST 
The current generation system of the deepwater offshore 

basin at Shanghai Jiao Tong University is investigated 
numerically and experimentally. Characteristics of the flow field 
in the basin, such as the current uniformity, vertical current 
profiles, turbulence levels and pressure losses during the current 
recirculation etc. are considered. 
 
Computation 

Based on the basic theory mentioned above, horizontal and 
vertical distributions of current velocities in the basin, 
turbulence intensities, and pressure losses during the current 
recirculation in the basin can be calculated. 

The numerical model consists of the main part of the basin, 
the inflow and outflow culverts and part of ducts. In inflow and 
outflow culverts, perforated walls are set to control the 
uniformity and turbulence levels. There are over ten thousand 
holes distributed on these walls. And the diameter of holes is in 
centimeter scale. Owing to the large number and small scale of 
the holes, it is impossible to simulate the complicated 3D flow 
field in the basin. Therefore in this paper only a 2D model is 
adopted to simulate the current generation system. The sketch of 
the numerical model is presented in Fig. 2. Quadrilateral and 
triangular elements are used to mesh the model. And the number 
of panels is about 106. 

 

 
 

Figure 2. Numerical model of the current generation system 
 
Model Test 

A 1:10 model test is carried out in the State Key Laboratory 
of Ocean Engineering, Shanghai Jiao Tong University. Figure 3 
shows the experimental model. In the model perforated walls, 
flow guiding vanes and turbulence grids are set. In the test a 
current meter is used to measure the current velocities at 
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different locations and water depths in the offshore basin. And 
pressure transducers are used to measure the pressure losses of 
water flow during the recirculation. All instruments are 
calibrated carefully. During the model test a computer is used to 
record the experimental data at a sampling frequency of 20Hz. 
In Fig. 4 the current generation system in test is presented.  
 

 
 

Figure 3. Experimental model of the current generation system 
 

 
 

Figure 4. The current generation system in test 

RESULTS AND ANALYSES 
 

Horizontal and Vertical Current Profiles 
To analyze the uniformity of the flow field in the basin, the 

horizontal current velocity profiles with and without perforated 
walls are considered. The calculated current speed distribution 
in the basin without perforated walls is shown in Fig. 5. It is 
shown in the figure that if no perforated walls are set to control 
the current uniformity, water will flow along the inflow culvert 
and enter the basin from the end with great volumes and 
velocities. Obviously the distribution of current velocities in the 
basin is far from uniform. Severe reversed flows are produced. 
In addition vortices are also generated between two neighboring 
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inflow sections. It is clear that such a uniformity of current field 
in the basin can not reach the requirements. 

 

 
 

Figure 5. Speed magnitude distribution without perforated walls 
 

To solve the problem above, perforated walls are set in 
inflow and outflow culverts. In addition the inlet from ducts to 
the inflow and outflow culverts are also modified for smooth 
transition of the current flow direction. 

In Fig. 6 the current speed with perforated walls are 
presented. It can be seen from the figure that the current field in 
the basin is much more uniform compared with the case without 
perforated walls. In addition vortices and reversed flows are also 
seldom produced. 
 

 
 

Figure 6. Speed magnitude distribution with perforated walls 
 

Figure 7 shows the comparison of calculated and measured 
velocities at different locations in the basin. From the 
comparison between numerical and experimental results in the 
figure, it can be seen that the agreement is satisfactory. Both 
calculated and measured velocity distributions in the basin show 
that the flow field in the basin is generally uniform. 

Consequently it can be concluded the uniformity of the 
flow field in the basin can be significantly improved by setting 
perforated walls in the inflow and outflow culverts. 
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Figure 7. Comparison of current uniformity in the basin with 
and without perforated walls 

 
Considering that in deep water, the current will generate 

great loads on mooring lines and risers. It is important to control 
the vertical current velocity profiles. In the model test of current 
generation system the vertical current velocity profiles are also 
measured and analyzed. Two typical vertical current profiles are 
presented in Fig. 8. It can be concluded that the deepwater 
offshore basin can simulate different vertical velocity profiles. 
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Figure 8. Examples of vertical current velocity profiles 
measured in model test 

 
Besides horizontal and vertical current profiles, the 

turbulence level of the flow field in the basin is also important 
for the reliability of ocean engineering model test, it is necessary 
to find out whether the turbulence level can be controlled in the 
measuring area of the deepwater offshore basin. Therefore the 
turbulence intensities of the current flow in the basin are studied 
in the following. 
 
Turbulence Control 

In Fig. 9 the calculated distribution of turbulence intensities 
along the width of the basin is shown. From the comparison in 
the figure, it can be seen that the turbulence intensity in the 
basin without perforated walls is generally over 5% of the 
average current speed, which is beyond the required level of 
ocean engineering model test. However the turbulence intensity 
decreases significantly after the perforated walls are set. It is 
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clear that the perforated walls have the capability to control the 
turbulence degree effectively. 
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Figure 9. Effects of perforated walls on turbulence control 
 

From the discussion above, it is concluded that both 
uniformity and turbulence levels of the current field in the basin 
can be improved significantly by setting perforated walls in 
inflow and outflow culverts. However the uniformity and 
turbulence degree are not only two factors to be considered 
during the design of current generation system.  

Due to the small scale of holes located on the perforated 
walls great pressure losses will be produced during the water 
recirculation. Very powerful pumps are needed to drive the 
water flow in the basin to achieve the required current speed. It 
is necessary to investigate the pressure losses of current during 
recirculation. 

 
Pressure Losses during the Current Recirculation 

In Tab. 1 the pressure losses in the basin with and without 
perforated walls are listed. It is listed in the table that the 
pressure losses increase dramatically compared with the values 
without perforated walls. In addition it is also indicated that the 
pressure losses caused by perforated walls are over 50% (even 
over 90%) of the total pressure losses in the basin. In addition if 
additional structures are added to control the current uniformity 
and turbulence level, more pressure losses will be produced. 
 

Table 1. Pressure losses with and without perforated walls 

 

Pressure losses 
in inflow 
culvert 

(×104Pa) 

Pressure losses 
in outflow 

culvert 
(×104Pa) 

Total 
pressure 
losses 

(×104Pa) 
without 

perforated 
walls 

Cal. — Cal. — Cal. 0.86

Cal. 2.34with 
perforated 

walls 
Cal. 1.11 Cal. 1.02 

Mea. 3.09
 
Since the experimental model includes flow guiding vanes 

and turbulence grids etc. And these structures are not considered 
in numerical simulation. Therefore from Tab. 1 it can be seen 
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that the total pressure losses measured in model tests are 
relatively larger compared with the calculated result. 

CONCLUSIONS 
The current generation system is a challenging part in the 

design of the deepwater offshore basin. According to the 
numerical and experimental research, the characteristics of the 
current field in the basin are investigated, including the 
uniformity of the flow field in the basin, various vertical 
velocity profiles, turbulence control and pressure losses during 
the current recirculation etc. 

From comparisons between numerical and experimental 
results, it can be seen that the agreement is satisfactory. And 
both results show that the perforated walls are key facilities in 
the deepwater current generation system. The water flow 
uniformity and turbulence level can be improved significantly 
by setting perforated walls in inflow and outflow culverts. 
While great pressure losses during the water recirculation will 
be produced by perforated walls. 

In the adjustment of vertical velocity profiles in the model 
test, the current generation system of the deepwater offshore 
basin can realize various typical vertical current profiles in the 
basin. Therefore it can be concluded that the offshore basin has 
the capability to model different ocean environments in deep 
water. 
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