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LONG TERM GOALS

The use of synchronised multi-beam Acoustic Doppler Current Profilers (ADCP) to economically measure turbulence characteristics in mixed and stratified environments.  

OBJECTIVES

The objective of the proposed project is to assess the performance of both a 4 beam 600kHz ADCP and a configuration of a 600kHz 4 beam ADCP and a 600kHz single (vertical) beam ADCP (referred to as a 5 beam system), in measuring varying levels of turbulence in mixed and stratified environments.  

APPROACH

A full theoretical assessment of the possibilities of use of ADCP technology for turbulence measurement will be carried out by Professor John Simpson’s Group at the School of Ocean Sciences (SOS) in conjunction with the Defence Science and Technology Laboratory (Dstl,  Dr R P Hornby) and the Naval Underwater Warfare Centre (NUWC, Dr P Hendricks) to design an ADCP system (hardware and software) that incorporates the best features of both 4 beam and single beam ADCP usage. The system will take advantage of specialised modes of operation (e.g. mode 12) and optimum use of bin size and range requirements [1, 2]. This assessment will take account of the evolving nature of both hardware and software development and address the problems relating to use of the system on a moving (though stable) underwater platform.

A prototype system will be acquired for initial use at SOS. A new seabed frame will be constructed to house the 5 beam instrument which will consist of a 4-beam Sentinel unit and a custom-built single vertical beam Sentinel unit mounted alongside each other. The preferred option is for the units to be linked together and synchronised so that they provide a single data stream. RDI advise that coupling between units in this way has already been accomplished and should not involve significant development.   The new system will be evaluated and tested in laboratory trials before a deployment on the bed of a tidal channel (Menai Straits, North Wales) using procedures already developed for testing of previous 4 beam ADCP equipment [3, see Fig. 1] for turbulence measurement. Data from this initial deployment will be processed and evaluated to check performance of the 5 beam system and associated new software which will be developed to assimilate data from the fifth beam. Results will be compared with reference data sets from the Menai Straits.
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Figure 1.  Turbulence production measurements (P) using a bed-mounted ADCP in the Menai Straits.

The system will then be deployed at sea in well-mixed and stratified environments. Possible sites are the Irish Sea, a sea loch or the Clyde Sea. The vertical turbulence profiler (Fast Light Yo-yo, FLY), which employs dual airfoil shear probes and has been extensively used and validated for turbulence measurement, will provide reference levels of turbulent dissipation. Supporting measurements of water column structure and mean flow will be available from instrumentation (CTD and conventional ADCP) on board the RV Prince Madog. Figure 2 shows some initial comparisons between turbulence production measured with a 600kHz, 4 beam ADCP and turbulent dissipation measured using a FLY probe. 
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Figure 2. Comparison of turbulence production measurements (red dots) with a 600kHz 4 beam ADCP and turbulence dissipation measured by a FLY turbulence probe (blue crosses) in Red Wharfe Bay, 1998. 

The ability of the ADCP system to measure turbulence at different spatial and temporal scales in mixed and stratified environments will be investigated through post-trial analysis of the data, initially by SOS.  This will involve application of the Gargett [4] approach to determining epsilon via the eddy scales as well as the direct measurements at dissipation scales by FLY. The ADCP data will also be used to estimate the turbulent kinetic energy in the water column and its rate of production using the variance method [5].  A number of different analysis techniques will be used in attempts to identify characteristics that might differentiate turbulence generated by different mechanisms.  

WORK COMPLETED

The required ADCP equipment has been ordered, but has only just been delivered to SOS via Dstl. The main focus here is therefore on the forward plans. Following laboratory trials and a shallow water immersion test, the initial deployment of the 5 beam system will be in the Menai Straits at a location close to SOS. The ADCP instrumentation together with an ADV unit will be linked by a seabed cable to an on-shore computer thus allowing us to explore different modes of operation of the ADCP without the need for re-deployment. Cable operation will also allow us to acquire long time series of data covering a wide range of turbulence levels. It is anticipated that, if all goes well, the Menai Straits trials will be followed by deployment of the 5 beam system as a self-contained unit in the northern Irish Sea in February 2004. Further measurements in deeper stratified water will follow in the summer of 2004.  This will be followed by SOS analysis of the resulting datasets with new software to handle the 5 beam ADCP stream (December, 2004), further analysis of the sea trial and available platform data by Dstl/NUWC (October, 2005) and final reporting with recommendations for use (March 2005). 

The lead in these developments is being taken by John Simpson and his colleagues at SOS but throughout the development there will be opportunities for Dstl and NUWC personnel to participate and to acquire expertise in the use of 4 and 5 beam systems for turbulence measurement.

PERSONNEL EXCHANGES AND TRAVEL COMPLETED

Awaiting start of project.

RESULTS

An extensive review of the errors involved in the estimation of turbulent production using the variance method has been completed and will appear shortly in the Journal of Atmospheric and Ocean Technology [2].

IMPACT/APPLICATIONS

Awaiting start of project.

TRANSITIONS

Awaiting start of project. 

RELATED PROJECTS

NER/A/S/2001/00961 Physical-biological control of new production within the seasonal thermocline. This is a major National Environmental Research Council (NERC)-Dstl funded campaign to measure turbulence and mixing in the Celtic Sea and was undertaken in July-August 2003. Extensive observations were made using 4 beam ADCP moorings and the FLY Profiler. Technical developments and goals in terms of turbulence measurement are similar (but less advanced) to those in this project.
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