TURBULENCE MEASUREMENT IN THE BENTHIC BOUNDARY LAYER
FOLLOWING A ST ORM: INFLUENCE ON SEDIMENT RESUSPENSION
AND RATE OF DEPOSITION

Manhar R Dhanak

Department of Ocean Engineering, Florida Atlantic University,
777 Glades Road, Boca Raton, Fl 33431.

phone: 561-367-2827 fax: 561-367-3885 email: dhanak@oe.fau.edu
Award #: NO0014-96-1-5023
LONG-TERM GOALS

The principal objective of this work is to contribute to the developmenffettive remote autonomous

mine countermeasure operations by providing pertinent flow, heat flux and sediment transport
characteristicen the benthic boundary layer to missions engaged in sea mine reconnaissance and hunting.
Theseenvironmental characteristics govern acoustic and light propagation, chemical and biogenic activity
in the bottom boundary layer, distribution of sediment over a buried mine and other physical processes,
knowledgeof which is critical to the ééctive performance of acoustical, chemical or o#@rsory—based
methods for mine detection and MCM operations.

OBJECTIVES

The specific objectives of the proposed project are to make velocity, temperature, salinity and
suspended-sediment concentration measurements in the benthic turbulent boundary layer on the
continental shelf off the coast of Florida and to develop models which meaningfully relate the
measurement® the sea state, to the distribution and mobility of surficial sediments and to the heat flux
characteristicef the boundary layeThe AUV deployable turbulence—measurement platform developed

at Florida Atlantic University under ONR sponsorship will be established as a reliable low—noise AUV
platformthrough resolution of any outstanding noise issuekcity and temperature gradients, Reynolds
stress and kinetic energy distributions and dissipation rates in the benthic boundary layer will be
determinedand the influence of natural and suspended-sediment induced stratificationexiéirbmed,;

these measuremerdse of direct dynamical significance to the activity in the boundary. |Biger—bed
measurements are best carried out in a controllable laboratory environment and pertinent laboratory
experiments will be conducted to obtain parameterized information which will be related to measured
guantities in the field. The aim will be to examine the role played by surface waves and currents in the
distribution of bed stress, the molding of bed micromorphology and the rate of scour and deposition of
sedimentsThe influence osignificant sea states on a stratified bottom boundary layer and estimates of the
contributionto the measured kinetic eggrwhich can be attributed to the wave motion will be considered
numerically.

C. Approach

A program for making turbulence measurements in the benthic boundary layer, using the
AUV-deployable turbulence platform developed at Florida Atlantic University, under different,
simultaneously measured sea states, is proposed. The measurements will be supported by laboratory
experimentgo determine very near bedexfts and numerical modeling to examine the coherence between

the measured total velocity in the bottom boundary layer and the independent, simultaneous wave
measurement.

Field Turbulence Measurement.

Two main problems that have to be addressed in making measurements using the turbulence platform
developedht Florida Atlantic University for deployment wiBAU’s autonomous underwater vehiclée
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OceanExploter are (i) vehicle noise and (ii) adequacy of sensors used. The first problem is being addressed
currentlyand measures are being taken to isolate and, where possible, eliminate noise associated with stern
planecontrols and the propeller of the vehicle. Furthiee significance of the measured noise to turbulence
measurements is being assessed. Checks on the reliability of the current measurement system will be
provided as described below. Regarding the second issue, the sensors being utilized will allow
measurementf velocity and temperatumrresponding to the dissipation range of the turbulenggner
spectrum as well as measurement of concentration of suspended sediments. The measurements can b
relatedto the bed streassing the method described by Dewey and Crawford [1] and to sediment transport
using models described by Smith and McLean[2], with improvements proposed in section 4.3 below.

Regional, sea—floor and temporal conditioBsttom boundary layer surveys in two areas over the
continentalkshelf of the coast of Florida at depths of 20 to 40m are planned as the main part of the proposed
study.First, an area 5 — 8kmfdhe east coast, near Boca Raton, will be surveyed. Tiflugnced by the

Gulf Stream and is constantly subjected to strong currents. Second, arf Hreavekt coast, neaainpa,

will be considered. This area is protected and is relatively quiescent. In both cases, where possible the
choiceof a particular location will be coordinated with other concurrdottsf including one involving
acousticsediment—classification techniques, so that sidescan sonar information on bottom topography is
available. Independent information on bottom micromorphology will also be obtained by divers using
underwater video and through examination of soil samples. Measurements will be made in summer and
winter. In summerthe east coast is frequented by storms and it is aimed to make measurements following a
storm.

Turbulencemeasurement platfornThe turbulence measurement platform developed at Flatldatic
University (figure 1) consists of two high—wavenumber airfoil (shear) velocity probes, a dynamic Pitot
tube, a fast response FP-07 thermistor (from Thermometrics), two cross—stream accelerometers and an
electromagnetic current meter (from Marsh McBirney), mounted on the nose of the AUV. The
microstructurehermistor will be mounted closer to the location of the shear probes than shown in figure
2b so that heat flux in the bottom boundary layer can be estimated. The AUV also has a newly installed RDI
Acoustic Doppler Current Profiler (ADCP, also referred to as DVL) which has the bottom-tracking
capability as well as the ability to measure velocity in the water column with an accuracy of 0.2% of
measuredelocity + 0.2cm./s, through time—gate measurement of acoustic Doppler shifts. Both speed and
directioninformation is obtained by the ADCP; its minimum and maximum range of measurement is 1m
and50m respectively using a 600kHz signal. A CTD package on board the AUV measures the conductivity
andsalinity while information about the attitude of the vehicle is supbljea Watson Block self—-motion
packageSignals from the ADCRhe CTD package and theat§on Block will be monitored in conjunction

with those from the turbulence package for use in data processing.

TurbulenceMeasurement Prograriihe EM current meter measures the vehicle speed relative to the water

in the vicinity of the shear probes. The ADCP meastirevehicle speed relative to the seabed. Thus the
local current velocity can be obtained as a difference between the two measurements. The ADCP also
providesthe mean velocity profile of the water column beneath it, to within, typjdattyof the AUV and

mean velocity shear can be determined directly from this data. Semi—independent checks of this
measurementill be provided using the EM current meter in conjunction with the bottom—tracking speed
measuredy the ADCPHorizontal sweeps at a range of depths in the bottom boundary layer will be made
atintervals of 0.5 m. Square, grided regions of 2 — 5 miles will be surveyed. An operating speetl of
knotsof the AUV will prove to be suitable for determining turbulence characteristics over a range of time
scales. The shear probes and the Pitot tube allow measurement of all three components of fluctuating
velocity so that the degree of anisotropy in the small-scale turbulence in the bottom boundary layer
environment can be examined. These measurements will also be used to estimate Reynolds stress
distribution in the bottom boundary layer. Using the data from the shear probes and the vehicle speed
(relativeto the localwater) reading from the EM current metgissipation rates can be determined. From



the dissipation rate profiles, the bottom stress can be estimated in a manner described by Dewey and
Crawford[2]. Temperature and vertical velocityeasurements will be utilized to estimate the vertical heat

flux using the direct method described by Fleury and Lueck[4]. Issues associated with the measurable
rangeof the eddies and the limitations of the current sensors will be determined during the initial phase; the
shearprobes can certainly measure eddies in the dissipation range, hotwvappears that measurement

of eddies of the order of 1-2m size are possible. Initial measurements will be made with the aim of
establishinghe reliabilityof the developed measurement system. For this purpose, tests will be carried out

in a relatively calm region to establish the noise floor for the velocity measurements. Simultaneous
measurements using the shear probes and the accelerometers should give indications of any problems
associatedavith vehicle noise. Such checks as well as the comparison between the velocity profile obtained
with the EM current meter and that obtained using the ADCP should give significant indication of the
reliability of the system. Completely independent checks otiler system, as has been suggested, appear

to be beyond the scope of the present budget and will be proposed separately. A consistency check,
indicatingthe presence of small-scale turbulence, is provided by the expeefesplatial decay rate of
theenergy spectrum in the dissipation range; such a decay rate has been observedriwestigators

[for example, see 5].

Surfacewave measuremenSurface wave data will be obtained using wave gages over the atadyof
The wave measurements will be made simultaneously with the turbulence measurement in order to
determine the coherence between the measured velocity in the bottom boundary layer and the sea state

Laboratory Experiment

Sediment transport is a small scale phenomena and is best studied in the laboratory. Once the physical
conditionsprevailing at a seabed have been elucidated, they can be reproduced in flumes and wave tanks
moreeasily than in the field, allowing proper spatial resolution through usefafisaf number of points.

The AUV will allow flow measurements to within 1m of the seabed. Surface shear stress and sediment
transportrates would then be needed to be estimated from existing models [2, 5, 6]. Hdhesehave

not been completely tested in view of the lack of adequate field data. Available data [7] suggest that in
includingtheinfluence of wave motion, Grant and Madsemodel [6], for example, gives estimates of the
induced shear stress which are larger by one and half to three times those obtained from conventional
methodsThus, in order to accurately measure microtopography and sediment transport, it is necessary to
conductsuitable experiments, the results of which are parameterized and related to the measured quantities
in the field. In the proposed work, the experimental set up consists of a jet gilsghato a wave tank. The

tank is 150cm. long, 90cm. wide and 20cm. deep; a longer tank is also available for use if this appears
necessaryWaves are generated by an oscillating paddle at one end of the tank. The bottom of the tank is
covered with 2cm. deep layer of sand. The jet comprises a brass pipe of diameter 0.35 cm. For all
experimentsthe dischage Reynolds number based on the pipe diameter is greater than 1000. Parameters
of the wave field generated by the wavemaker are 1<kd<2 , where d is the water depth and k is the
wavenumberthus the wave field of the lab model can be regarded as intermediate waves (waves which
feel the bottom). As the Reynolds number of the experiments are sufficiently large it is possible to
extrapolatehe results téthe ocean data. The flow field of the lab experiment comprises an interaction of
turbulentand mean velocity fields of the jet and wave fields. Experiments will be conducted in three parts
a) by locating the jet near the top of the fluid column; b) by locating the jet near the bottom of a fluid
columnabove a solid boundary; c) by locating the jet above a mobile bed comprisky@f sand. This

will allow us to simulate various conditions which may be required to be reproduced in the laboratory.
Extensive flow visualization will be undertaken with both reflected light and LIF
(light—induced—fluorescence). The velocity field will be determined using both particle tracking (PI1V)
andhot—film anemometry to resolve both meaatocities and shear stre@w). A conductivity probe will

be used to measure the scalar field emanating franjet dischaye marked with a passive scalar (salt).
Comparison of the measurements of the velocity fieldd)escalar fields and of the jet spreading rates



will discriminate the effects of wave—turbulence—mean flow interactions. Recent studies [8,9]
demonstrate that transport rates are augmented by wave stresses. Preliminary results are in accord
Attemptswill be made to quantify erosion of the initially flat sand bed by the jet/wave fields. Comparison
with the results of the wave field switched on and off will provide data on which to develop
parameterizationand transport rates and relate to the measured field data. The work will result in a better
understanding of the physics of the near sea—bed environment.

Numerical modeling and computations

Currentlyavailablemodels [2, 6], developed in the seventies, to relate flow measurements to surface—shear
stressat the sea—bed and sediment transport treat wave motion and turbulence as being uncorrelated. These
modelshavenot been adequately tested through lack of field data on turbulence in the bottom boundary
layer[10]. However, in view of the recent advances in experimental techniques and flow visualization
methodspur understanding of turbulent boundary layers has improved significanpigrticulay the role

of coherent structures in the inner region of a turbulent boundary layer are now known to dominantly
governproduction and distribution of Reynolds stress and the associated surface—sheat]stfoesid
structuressignificantly respondo oscillatory flow[12] of the type that would be induced by the pressure
gradient associated with wave motion. Thus, neglect of the interaction between wave motion and
turbulences expected to result in inaccuracies in prediction of surface—shear stress and sediment transport
in significant sea states. It is proposgexte to seek improvements in the existing models by taking account

of the interaction between wave motion and coherent eddies in the inner region of the turbulent boundary
layer. A Navier—Stokes solution to the interaction between coherent structures in the boundary layer and
the seabed surface under the influence of oscillatory pressure gradient induced by wave motion will be
consideredo develop models for eddy viscosifyjhe physical conditionas measured in the field will be
usedto consider the interaction and the results will be used to relate the field and laboratory measurements
to the surface shear stress. The influence of suspended-load induced stratification on surfsitesshear
wasconsidered by Glenn and Grant[6]. Such stratification has a significant impact on the local flow field.
The model will be tested using the field data. Improvements in the model will be considered, taking
account of suspended particle dynamics, as appropriate.

WORK COMPLETED

Significant effort was devoted in the first year (1996) in addressing self noise issues on the turbulence
measurement platform and in developing a new pressure probe for measuring fluctuating streamwise
componenbf velocity In the second yeawe have focussed attention on (i) testing the pressure probe by
usingit to make measurement in grid—generated turbulence in the wind—tunnel, (ii) carrying out turbulence
measurement missions in the Gulf Stream at a depth of 150m and in a local outfall in the form of a jet, (iii) in
preparing a collaborative Gulf Stream mission with the University of Southampton, to be carried out in
December 1997, involving the OEX and their AUV, the Autosub and (iv) implementing self noise
measuresind considering an optimized platform in the light of the development of smaller Absks. T

(iif) has resulted in development of a self—contained turbulence pagkadpecan easily be fitted on any

AUV (see fig 3). Addressing (iv), we have designed a vehicle tail section (see fig 4) optimized for
turbulence measurement.

A quieter flooded motor which is being implemented as part of task (iii) also turns out tefieiamnt
motor and may become standard on AUVs developed at FAU.

Ken Holappa, the PhD student working on the profed completed his dissertation in record time and is
due to defend it on November 5, 1997.

RESULTS
A. Shear Probes

Currentlywe have thability to produce consistent quality shear probes of the Crawford desidpthe/
goalof being able to measure lower turbulence levels, a new transimpedence amplifier was bl based




thedesign obtained from DRolf Lueck. The change to surface mooomponents reduced the board size
from 4” x 5" to 1.5” x 2". Better op—amps are usedhe diferentiation stage of the pre—amp. circuit. These
improvements should result in a much lower electrical noise floor.

B. Pressure Probe

The most recent design of the pressure probe (figure 1) has eliminated electrical interference and resonance
problems experienced with earlier designs. Excellent results comparing the frequency response of the

pressure prob® that of a hot wire probe in a grid generated turbulent field in a wind tunnel were made
(Figure2). It is expected that these results together with turbulent water jet results should be available by

Feb.1998 and a paper submitted for publication by March 1998 on the technology and capabilities of the
probe.



ki [opm]
Figure 2. Comparison of velocity spectra measured with the pressure probe and that measured with hot—-wire anemome
ter.

C. Measurement Missions

The developed platform (figure 3) was successfully used on 2/29/96 to measure turbulence in the Boca
Inlet region of the east coast of Florida, the data obtained being of excellent g&alitye 4 shows the

"rbulence Platform

spectraof the signal measured by the two shear probes. As is evident, the two spectra agree well with each
other and with the Nasmyth spectrum. Dissipation rates as |@(18s8W/kg) were measured.
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Figure3. Averaged (a) sheafb) velocity spectra. verage of the specti@, @, and associated
velocity spectra and,, ®,,, over a range of samples, are plotted. — — —: Nasmyth curve for the

corresponding average dissipation rate= 1.6 x 108 W /kg.

Gulf Steam and Outfall mission$On 7/16/97, an hour long mission was run with the OEX in 135m deep
water in Gulf Stream waters. A large volume of data on ADCP and turbulence measurement has been
collectedand is being analyzed. A sample segment of data are shown in figure 5. The associated spectra for
the y—shear probe together with the y—accelerometer spectra are shown in figure 5. The shear spectra
comparesvell with the Nasmyth spectrum corresponding to dissipation rate-af X 10~ W/kg. Earlier

onthe same dayneasurements were made in an outfall near Boca Inlet. Again, significant data has been
gathered and are being analyzed.
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We are currently gearing up for the collaborative missions using University of Southampton’'sh&UV
Autosubin December 1997. ®have planned@rbulence mission in the Gulf Stream at a depth of 400m.
Thenew smaller turbulence package with vibration isolation mounts is nearly completdldedused

for the scheduled missions.

D. AUV Implementation

A smaller package for turbulenoeeasurement has been built which can be mounted on anyTig\size

of the package shown in figure 7 has been reduced significantly from the original configuration on the OEX
(figure 3). The package is self contained and can be completely mounted external to.am A&Will

reduce the preparation for operations considerably. The smaller package has been mounted with a
speciallyhighly damped mounting system which will attenuate vibrations. Ressasolgoing into low
vibration thruster systems which will lower vibrations on future AUV designs.

- i ,. X &=

E. OEX Tail Section




Thetail section of the OEX is currently beingdesigned by DiSmiths research group. &\are working
with them to create a very quiet system for turbulence measurement. The design, has besnaesiadl
AUV (figure 8), and will implement a flooded motor with no seals or gears.

ﬁigures. Low vibrational noise tail section

IMPACT/APPLICATIONS

With the development of reliable AUV platforms, four—dimensional maps of the turbulence in the water
column can be determined. Turbulence has a significant impact on mixing, sediment transport and
biogenicactivities in the water column and such maps will help the development and validation of suitable
models for characterizing these important processes. The work on sensor development will have a
significantimpact on the current limitations on wavenumber resolutions of the shear probes. The work on
reducingtransmitted structural vibrations will help to enhance signal to noise ratios and allow turbulence
measurement in relatively less energetic regions using self—propelled mobile platforms.

TRANSITIONS

Progreson current work was discussed with Ed LeviidlUWC during his visit here. He is developing
new methods for flow measurement.

RELATED PROJECTS

Thework is carried out in conjunction with other ONR-3220M/AQ8Njects fundedt Florida Atlantic
University.

REFERENCES

1. Dewey R K and Crawford W R. 198B.Phys. Oceanogt8, ppl167-1177.

2. Smith, J D and McLean, S R. 1937Geophys. Re82. ppl735-46.

3.0sborn T R and Crawford W R. 1980.Ihstruments and methods of air-sea interactked. L Hasse,
F Dobson and R Davis. Plenum Press, NY. pp369-386.

. Fluery, M and Lueck R G, 1994. Phys. Oceanog?4, pp 801-818.

. Glenn S M and Grant W D. 198¥.Geophys. Re82, pp8244-8264.

. Grant W D and Madsen O S. 19399Geophys. Re84. pp1797-1808

. Lyne V D, et al. 199QContinental Shelf Researct), pp397-428.

.Ismail N M and Viegel R L , 1983]). of Waterway Port, Coastal & Ocean Engineeriig9, 4.
. Anis, A and Moum, J N, 1993, Physical Oceanograph$ept., 2025.

10. Grant W D and Madsen, O S. 1986Amual Review of Fluid Mechanics8.  pp265-305.
11. Robinson S K, 199Annual Review of Fluid Mechani&3, pp 601-640.

12. Jung, W J, Mangiavacchi N and Akhavan R. 189®s. FluidsA4, 1605-1607.

© o0 ~NO 01~



13.Dhanak M R and K Holapp&mall-scale turbulence measarent using an autonomous underwater
vehicle. Submitted to Journal of Atmospheric and Ocean Technology.

—-10-



