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I. Project Summary

This report summarizes the work undertaken between 1 January
1973 and 1 July 1973, and should be considered as a supple-
ment to the previous report.

II. Technical Report

Our major efforts have been: (a}) a continuing development of
computer programs for batch processing of data ashore; (b)
completion of a sea-going mini-computer system to digitize
the FM records produced by the free-fall microstructure
recorders and to perform preliminary analysis of the data;
and (c) a program of microstructure measurements adjacent to
Pinkel's internal w;ave array.

Beginning on 15 June 1973, a full-time programmer was hired
to develop a system of programs on the Burroughs 6700 for the
batch processing of microstructure data. A portable remote
terminal was purchased to aid him in this task. To date a
pre-existing program for spectral analysis of the records has
been rewritten, providing lower costs per jo.» and the ability
to include more spectra in a given job. A program to decon-
volve the data for instrument response and to produce a fin-
ished tape for analysis is running and is currently being
debugged.

A portable van to house the mini-computer system was purchased
and outfitted with RF shielding, work tables, an air condi-
tioner and an electronics rack. The system, consisting of a
DATA GENERAL NOVA JUMBO computer, TANDBERG FM tape deck, Ken-
nedy 9-track tape deck, and DATA GENERAL DISK went to sea on
the R/V THOMAS WASHIMCTON during June 1973, and performed
satisfactorily. All of the data tapes were digitized at sea
and the data read to detarmine actual depths and temperatures
of the drops. Spectra were taken, indicating that most of the
data were of high quality, but the absolute levels were uncer-
tain since the program had not been previously debugged.

During 4 days in early June 1973, microstructure observations
were taken within a few hundred vyards of FLIP while the inter-
nal wave array was in operation. In addition to the "nose"

and "wing" temperature gradient measurements which have been
reported earlier, an additional temperature gradient was
observed from a "mini-wing" mounted bhelow the wvehicle. The
smaller radius of the aelical path followed by this probe
should permit a determination of the degree of isotropy of the
temperature fluctuations to scales of 2 or 3 centimeters. The
normal wing measurements could make this determination only to
scales of 10 to 20 centimeters. In addition, 2 STD patterns
were run about FLIP. The data will be used to assess the
influence of intrusive features in the water on the FLIP inter-
nal wave measurements.
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I. Project Summary

Equipment development and at-sea testing of a freely float-
ing instrumented capsule with associated equipment have
been essentially completed.

Preliminary examination of data gathered in June in connec-
tion with the simultaneous OWEX experiments indicates all
equipment functioned prcperly.

ET Purgose

The purpose of this project is,to examine in detail the
history of oceanic thermal structure within &~ 100 meter
vertical segments of the water column. The observations are
made irom a freely floating instrumented capsule described
previously.

IITI. Accomplishments

During the period under consideration three sea trips were
made to the Southern California offshore area. These trips
are summarized as follows:

1) April - During the first week in April engineer..g checks
of the entire capsule-shipboard system were made in tne San
Diego Trough. Many new or modified items or eguipmcnt were
included in this evaluation. The principal equipment tests
were of:

a) a new shipboari portablc leboratory end assooiated
equipment,

b) new shipboard acorstic =m.ipmen fcr caepsule track-
ing, command., arZ .nte:r'rogation,

c) a new hydrauvlic capsul:2 ioyans,; control,

d) a compass sy.tem to monicor azmc-thal orientation of
sapsuie sSea507f5, and

e) aguijaent for at-s«a read:nj, plottiug ané prelimin-
2ry analy<is nf capnsule-g "ncrated computec tapes.

Thes2 sea tests were largeiv succes:stul, =~ri suggested the
Y

need for conly mincr nodiilicecic e ‘he bucyancy control
system was noct fully -ested due tc ¢ faui.y electrical cable.

2) April - during the Chird week in April a one-day capsule
drop was made in the arxea ~-outh of Sz Clemente Island to
veri ; pvoper operation ci tiie buoyancy control system. All
capsule and shipboara syo..L.ms worked well on this trip. A
13-hour recc-d of therma microstructure was obtained at a
depth of ~750 mecters.
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3) June - During the interval 1 to 18 J .ne we obtained

data with the midwater capsule in connectiion with other
simultaneous OW.X experiments in an area approximately

300 miles SW of San Diego. Three capsule drops, e.ch of
one-day duration, were made to examine spatial and temporal
variations of thermal microstructure, including interactions
with internal waves. These were to depths of approxinately
950 m, 600 m, and 500 m.

A fourth thermal structure recor’l. of 6 days duration was
measured at a depth of 740 m, tc examine the background
internal wave spectrum and the coherence of waves in the
vertical direction. A preliminary examination of data from
these drops indicates that all. of the measurements were made
successfully.

Iv. TFuture Plans

The equipment development portion of the program is essent-
jally completed. Our immediate plans are to analyze and
report on tke data gathered in April and June. The choice
of future observations to be made with the midwvater capsule
will depend heavily on understanding gainea from these data.
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I. Project Summary

The organization, pregparation and completion of the ccean
fisld experiment OWAX, in conjunction with R. Davis and

C Paulson, was our primary research effort during the con-
tract period January 1 to June 30, 1973. Most of the meas-
urements propcsed in the experiment plan given in the last
technical report were obtained. Preliminary analysis of
some of the recorded data indicates that, in general, high-
qualit; measurements were obtained of the desired variables
- the turbulent wind field, surface waves, motion of the
research platform FLIP, fine-scale air temperature and
humidity fluctuations, etc. A prototype internal wave meas-
uring device developed by R. Einkel was deployed for field
tests and also used to provide indication of internal waves
for simultaneous recording with the other variables. Detailed
data analysis on various aspects of the atmospheric boundary
layer-open ocean wave problem is proceeding.

II. Major Instrumentation Developed and Acquired

Several impc-tant major instrument systcms that were utilized
in the field ~xperiment are described in this section.

a) Three-component sonic anemometer. This device provides
simultaneous resolution of the turbulent velocity vector (in
the air) over a bandwidth from D. C. to about 10 Hz. It does
not requ’ ce calibration in the field, and is our primary
absolute velocity measuring instrument. The sonic anemometer
array was purchared from LG & G, Inc., while the readout cir-
cuitry was designed by Mr. T. Deaton of our staff and the unit
was constructed in our shop at a considerable savings over the
EG & G price. The entire sonic anemometer system was thorough-
ly tested in th:> UCSD-AMES low speed wind tunnel, and worked
very well in *he field experiment.

b) Wave height measuring circuit. A six=-channel A. C. carrier
wave height measuring circuit was designed by T. Deaton and
constructed for use with the resistance-wire wave height tech-
nique used by R. Davis. The circuit has a bandwidth Qf B G
to 200 Hz and has an cquivalent input noise of about 0.2 mm
wave height over that bandwidth.

c) Litton Inertial Navigation System. Through ARPA, a Litton
Industries LTN-51 Inertial Navigation System was acquired to
measure all compone: ts of FLIP's motions. Such measurements
are needed to correct other data, primarily the turbulent velo-
city component and surface wave height data.
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d) Data reccrding systems. Data was recorded on both analog
and digital systems for maximum flexibility and reliability.

A l4-channel Honeywell FM laboratory instrume 1tation analog
tape recorder with two multiplexed channels was used to record
up to 21 signals s.:multaneously. A Texas Instruments Model
980 computer system was used to record up to 32 channels on
digital tape. Some on-line calculations were pe~formed with
the TI-980 on the FLIP.

NLICDES gxgeriments

Several experiments were performed during the OWAX cruise and

are described briefly in this section. Approximately 40 hours
of data were obtained. Instrument locations on the port boom

of FLIP are shown in Figure 1. The Lit’on Inertial Navigation
System was located in the Electronics Laboratory.

Experiment 1: FLIP motion. Measurements were made of all 6
components of FLIP's motion (three components of the accelera-
tion and the three arjlcs, pitch, roll, azimuth) with the
Litton platform. Three wave height sensor outputs (operated
with R. Davis wave height bridge for this experiment) and wind
speed and direction were also measured,

Experiment 2: Surface effects: Measurements were made of the
turbulent wind field, surface waves air temperature and humid-
ity fluctuations from the instrument "package" suspended 3 m
below the end of the port boom. The outputs from a vertical
gyro located on the package as well as the inertial platform
outputs were simultaneously recorded and these will be referred
to as boom and FLIP motion.

Experiment 3: Surface effects, capillary waves, internal waves,
FLIP and boom motion: In addition to the basic atmospheric
measurements made from the package, R. Davis and L. Regier's
capillary wave probe array was deployed. Also, two temperature
signals from R. Pinkel's internal wave device positioned in the
thermocline region were recorded.

Experiment 4: Fine-scale velocity, temperature, and numidity
meazurements: velocity (hot-film anemometer), temperature and
humidity probes were deployed to obtain fine-scale measurements
in the atmospheric boundary layer in addition to the basic
package and boom and FLIP motion measurements. Temperature and
humidity instruments were also deployed on the high vertical
mast on FLIP.

15



Experiment 5. Capillary wave measurements: The Davis-Regier
capillary wave array was deployed and data obtained simultan-
eously R. Pinkel's interril wave signals, surface waves, turbu-
lent velocity field and FLIP and boom motion.

Experiment 6: Capillary wave, air temperatuce and sea surface
temperature: To the arrangement described in Experiment 5 was
added a thermistor to measure fluctuating air temperature and
the signal from the Oregon State University (C. Paulson) sea
surface temperature radiometer.

Experiment 7: FLIP motion: Measurement of FLIP motion with
Litton system, boom gyro, and Honeywell gyroscopes for compar-
ison.

Experiment 7.1, 7.2, 7.3: Temperature Structure: Three temper-
ature prooes were placed at three heights to provide data on
structure of the atmospheric temperature field.

Experiment 8: Fine scale velocity measurements: A 2-channel
hot-film x-array anemometer system was used to provide fine
scale velocity measurements, in addition to basic package and
boom and FLIP motion measurements. Data was recorded during a
developing storm with high winds and occasional light rain.

Approximately .5 XBT soundings were obtained. Routine environ-
mental data was logged by the 0.S.U. group.

1IV. Preliminary Analysis

Preliminary analysis of many of the recorded data tapes has
been made with our laboratory computing system to v.rify the
quality of the data, obtain some preliminary results, and
identify those arcas requiring detailed analysis.

Some aspects of the motion of FLIP as measured with the Litton
Inertial Navigation Unit have been analyzed. For Experiment 1
the following results were obtained:

rms vertical (z) acceleration 1.86 cm/sec?

rms horizontal (x!,y!) accelerations = 1.02, 6.9 cm/sec?(2 axes)

rms pitch 0.335 deg
rms roll 0.32). deg

rms wave height 0.8 meter




Power spectra of the motion variables were cktained, and are
shown in Figures 2, 3, 4, 5, 6. Figure 7 shows the power
spectra from one of the R. Davis' wave probes. The resyonc<e
of the FLIP as measured with the Litton system appears rea-
sonable. From the vertical acceleration spectrum, the verti-
cal displacement spectrum was obtained (not including very
low frequency accelerometer drift contributions, per suggest-
ion of R. Davis), and is shown in Figure 8. The rms vertical
displacement thus calculated was fouvnd to be 23 cm, and the
rms vertical velocity was 10 cm/sec. Therefore this componen
of the motion will have to be taken into account when analyzi
measured vertical velocities, waves, etc.

Figures 9 and 10 show the power spectra of the u and w veloci
components as measured by the sonic anemometer. The peaks in
the w component spectrum occur at 0.05 and 0.1 Hz which corre
ponds with two of the peaks in the vertical displacament and
wave height spectra,

It is tempting *o attribute the peaks in the u component spec
to wave-induced motion in the wind velocity field, but more
analysis of possible effects caused by FLIP's motion must be
undertaken before such conclusions can be drawn. Figures 11
12 show humidity and temperature spectra, respectively. The
humidity spectrum displays better agreement wi“h a - 5/3 slop

(solid straight lines on plots) than does the temperature
spectrum.
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A(Y) POWER SPECTRUM
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