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LONG-TERM GOALS
The long-term goal is to understand the dynamics of the upper layer of the ocean.
OBJECTIVES

This grant covers measurements made in conjunction with Drs. Steve Thorpe and Rolf Lueck using
AUTOSUB equipped with side scan sonars and turbulence probes to examine and quantify the
following phenomena:

1. theintensity, structure and decay of turbulence beneath breaking wind waves, graded according to
their acoustic scattering on breaking, in different wind, buoyancy flux, and swell conditions, to
provide the information necessary to construct a model of turbulence generated by breaking waves
(in the presence of a buoyancy flux), in particular to assess its effects on turbulence production in
the mixed layer and transport of momentum and heat. Presently, little is known even of the vortex
structure/rotors produced or the persistence of turbulence beneath breaking waves (Thorpe 1995).

2. thevariation of turbulence levels within and between the bands of bubbles associated with
Langmuir circulation, to establish the role of Langmuir circulation in the vertical transport of heat
and momentum, comparing their effects with that of breaking waves, with the objective of
improving their representation in models of air-seatransfers and the mixed layer; and

3. thevariation in upper ocean turbulence resulting from internal gravity waves to establish the effect
of internal waves on turbulence in the upper ocean (by, for example, the stretching of vortex lines
- see Thorpe, 1996).

To achieve these objectives, AUTOSUB was operated in open waters of western Scotland.
APPROACH

AUTOSUB (figure 1) is funded by the Natural Environment Research Council of the United Kingdom
and the operations are located at the Southampton Oceanography Centre. The vehicleis 6.8 mlong,

0.9 min diameter, and weighs 3400 poundsin air. Propulsion isfrom a brushless DC motor that uses
rare earth magnets on an external rotor


mailto:osborn@jhu.edu

Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 2001 2. REPORT TYPE 00-00-2001 to 00-00-2001
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

M easurements of Turbulencein the Upper Layer with AUTOSUB £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

The Johns Hopkins University,,3400 N Charles Street,,Baltimore,MD, REPORT NUMBER

21218

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR'’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 6
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Figurel. Top pane isAUTOSUB
underway for near surfacetest in Loch
Linnhe Scotland. The lower panel
shows the turbulence pressure case
covered with the retractable sheath that
protects the delicate probes when the
vehicleison the surface.

that holds the five blades of the propeller. Cruising speed depends on instrumentation with a nominal
value of 2 m/sfor aclean configuration and a speed of 1.25 m/sfor our configuration. The vessel
operates very smoothly with r.m.s. values 0.04 m for depth, 0.2° for pitch, 0.2° for yaw, and 0.4° for
roll.

To achieve the mission objectives, AUTOSUB was equipped with (a) ARIES Il control and sonars
(250 kHz at 2 Hz scan rate), (b) turbulence sensors, (c) CTD - at least 2 Hz recording (for detection of
fronts, etc), and (d) 300 kHz ADCP. The CTD and ADCP are part of the normal instrumentation
complement on AUTOSUB.

The turbulence instrumentation used in this project were originally designed and developed for the
work on the USS Dol phin. The digitization rate was 512 Hz and the analog filters on the data channels
cut off sharply at 200 Hz. The data was digitized by, and stored in, a small computer, which is located
inside AUTOSUB. Power came from the AUTOSUB. A timing signal comes from the ARIES 11
package in order to assure alignment between the two data sets.



There are eight channels of data: the cross-stream, horizontal velocity shear, the vertical velocity shear,
temperature, temperature derivative, three accelerometers (for pitch, roll and heave), and pressure
combined with the pressure derivative. The velocity shear data are used to calcul ate dissipation rate.
The temperature and temperature derivative data are digitally filtered (Osborn et. a., 1992) to produce
high-resolution temperature traces with resolution of millidegrees. This data offers the potential of
calculating the turbulent heat flux just below the sea surface (Y amazaki and Osborn, 1993). The
pressure and its derivative are filtered to produce a pressure record with sufficient resolution to resolve
the wave spectra alowing calculations of wave frequency and significant wave height.

WORK COMPLETED

M easurements were made at depths of 2, 4, 6 and 10 m in four missions off the N.W. coast of Scotland
with data collection of 112 hrsin winds from calm to 14 m/s. Missions consisted of repeated circuits
around a square pattern, with straight runs of almost 5 km on a side corresponding to periods of about
one hour. Since the winds were mostly offshore, fetch was generally limited to between 8 and 26 km.
The data from the turbulence package has been analysed with dissipations calculated at 1 second
intervals. The high-resolution temperature and pressure records were created with a 64 Hz sample rate.
Aswell, the significant wave height and the period of the wind waves and swell were estimated, and
the average dissipation along each leg was calculated. A paper has been finished (Thorpe et. a., 2002).

RESULTS

Dissipation follows law of the Wall scaling in the range of steady condition encountered in this data
set, 1.17<2/Hs<11.6 and 11.7<c/u~<21.7. Thisresultisnot inconsistent with Agrawal et. al.’s. (1992)
finding since much of their sampling was nearer the surface than this data set. Terray’s (1996) result
was for adifferent range of c/u-. Since the boundary layer appearsto scale like arigid wall, in spite of
the presence of Langmuir circulation, it is possible that there are no new length and velocity scales (in
addition to the distance to the surface and u-) in this region beyond a depth of order Hs.

The acoustic data shows the bubble clouds associated with Langmuir circulation and breaking waves
seen in Thorpe' s previous work with the ARIES package. There is a noticeable tendency for the high
values of dissipation to occur in bubble clouds. The fraction of dissipation values, which occur in
bubble clouds, increases with €. Higher values of € occur in bubble clouds of longer horizontal extent
and correspondingly lower values in the longer gaps between bubble clouds.

Conditional sampling of the data based on the strength of the acoustic scattering signal, shows the
relationship between the bubble clouds from Langmuir circulation, breaking waves and temperature
ramps in the mixed layer and the turbulent dissipation. Identification of breaking waves in strong
winds cannot be done closer to AUTOSUB than about 4 wave periods. Thus, the dissipation from the
breakersis only measured at atime after most of the decay has occurred in laboratory experiments.
Still enhanced dissipation of about 50% above background is seen between 30 and 50 seconds after
breaking at 2.09 m depth with an 11.6 ms™ wind.

Dissipation increases in the bubble bands associated with Langmuir circulation. As well, atemperature
signature can be seen although there is no peak in variance of the temperature gradient. These
Langmuir bands appear to increase in width with depth in the water column.



Temperature ramps in the mixed layer (Thorpe and hall, 1980, 1987) are large eddies which exchange
water vertically, in this case, taking colder, more turbulent, near surface water down and bringing
deeper, quieter, warmer, water up. Thus, as AUTOSUB travels across aramp thereisastep like
signature in temperature, scattering and dissipation while thereisalocal maximum in the small-scale
variance of the temperature gradient. These eddies have predominantly horizontal vorticity
perpendicular to the wind while the Langmuir cells have predominantly horizontal vorticity parallel to
thewind. The interaction of these two mechanismsis still to be delineated but there appearsto be a
greater occurrence of ramps in the bubble clouds associated with Langmuir circulation, perhaps due to
the larger vertical shear. The two processes may be non-separable in terms of their effect on the mixed

layer.
IMPACT/APPLICATIONS

The development of along range, autonomous capability to sample turbulence in the surface and near
surface regimes of the upper ocean in difficult weather conditionsis vital to understanding the
important and complex processes that occur there.

TRANSITIONS

The technology for turbulence measurements and interpretation that has been developed by the PI
through ONR funding during the last 25 yearsis now well established in the oceanography community.
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