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Methodology
• ADCP Experiment at the Firth of Forth. 
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Fig.3: Streamtraces plot for 1/7th power 

law profile condition

Fig. 7: Streamtraces plot for experimental 

velocity profile condition

Fig. 8: Streamtraces plot for experimental velocity 

profile condition

Fig. 4: Vector field  for 1/7th power law profile 

Fig. 5: Vorticity field for 1/7th power 

law profile

Fig. 9: Vorticity field for experimental  velocity 

profile 
Fig. 10: Seabed drag coefficient for 

experimental velocity profile. 

Fig. 6: Seabed drag coefficient 

for 1/7th power law 

The instantaneous streamtraces and vector field plots for the 1/7th power law velocity profile (Fig.3 and 4) are relatively well patterned in contrast to the

chaotic flowlines manifested in the ADCP data simulation case (Fig.7). The chaotic flowlines signifies turbulence reflected as eddies in the vector plots

(Fig.8). Turbulence in terms of maximum vorticity magnitude is 3.5 times more in the ADCP data simulation case (Fig. 9) than the 1/7th power law

simulation case (Fig.5). The turbulent structures simulated with the ADCP data causes a significant reduction in seabed drag coefficient with mean

value of 0.0035 (Fig.10) compared to the mean value of 0.079 resulting from the 1/7th power law simulation case (Fig.6). Although no physical

measurements of seabed drag coefficient has been recorded for the Forth estuary, the simulated value is comparable to measurements carried out at

various tidal currents locations [4-7], (Table 1). A knowledge of seabed drag coefficient is required for satisfactory estimation of energy loss due to bed

friction. This study also demonstrate the possibility of representing large scale turbulent structures in a small scale numerical domain which has been

difficult to achieve in physical testing using laboratory tow tanks and water circulating channels.

Tidal current is influenced by waves, seabed roughness, channel walls and other natural and physical  processes and these effects are visible in the 

ADCP data. Figs.3–10 show flow fields and seabed drag coefficient plots associated with the 1/7th power law (top row) and the ADCP data (bottom row). 

The Forth estuary is 93km

long and extends from

Stirling to the North Sea, with

the Isles of May lying at its

entrance. The ADCP was

deployed at 560 10.642’N, 20

32.359’W in a 53m depth

of water. Turbulent velocity

ADCP

• LES of open channel flow.

profiles sampled within 60s was used as a boundary condition in a LES of an open

channel with domain size: 10m x 5m x 3m. This represents approximately 1:10 vertical

and 1:9000 horizontal scale ratios of simulation domain to the Forth estuary.

Fig.1: Map of Forth Estuary Fig.2: ADCP

Ambient turbulent structures within tidal currents affect

seabed drag coefficient, performance and

hydrodynamic loading of tidal current energy devices.

The ability to simulate ambient turbulent structures

resembling those within tidal currents is important for

investigating the aforementioned parameters.

Although, the 1/7th power law is a good approximation

to turbulent velocity profiles [1], it does not contain

evidence of turbulent fluctuations inherent in natural

flows due to the averaging process in generating the

profile. The flow within tidal current is a complex

interaction of several processes. This poster

demonstrates the unsuitability of using the classical

1/7th power law velocity profile to model turbulence in

tidal currents and further demonstrate a novel

application of a turbulent velocity profile acquired by

an Acoustic Doppler Current Profiler (ADCP) to a

Large Eddy Simulation (LES) of ambient turbulent

structures in an open channel.

Site Drag 

coefficient 

Menai 

Strait by 

Rippeth

0.0024 -

0.0026

San 

Francisco 

bay

0.08 –

0.004

Menai 

Strait by 

Campbell  

0.017

Various 

point at 

Menai 

Strait

0.02 –

0.006

Irish 

sea by 

Malcolm

0.0025

Table 1:  Physical 

measurement 

of seabed drag 

coefficients at 

Various locations. 

T = 98.5seconds

T = 90.9seconds

T = 98.5seconds

T = 98.5seconds

T = 90.9seconds T = 90.9seconds

Source: http://en.wikipedia.org/wiki/Firth_of_Forth.


