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DESIGN NF A SIMPLE INSTRUMTNT FOR CONTINUQUS HYDROGRAFHIC
RECORDING IN TIDAL TSTUARITES, B.YS AND HARBORS

SULMARY

A pilot model recording harbor gage has been produced and tested.
It records simultaneously temperature, density, pressure, current
direction and curreant velocity. Tne unit runs for one week, with two
extra days available as a safety margin, taking records every half hour.
All measurements except current velocity are well witiiin the accuracy re-
qQuired in harbor surveys. The ccsts are surveyed and recomsendations given
for modifications in futurg models.

0BJ iCTIVES

A knowledge of hydropraphic conditions in bays, harbors and shallow
waiers and of the flushing mechanism on them has become of primery impor-
tance to national defense. The biological problems of such waters, in-
cluding industrial pollution, as well as the problem of removal of wartime
conteminants necessitate the development of recording instruments for
measurement of tidal hcht, current vectors, temperature and salinity.
The Marine Laboratory of the University of Miami has experienced the need
for such instruments in surveying polluted estuaries in Florida for state
and industrial agencies.

During the past several years, considerable thought has been given
by the staff of the Marine Laboratory to the design of such an instrument
which could be easily manufactured at low cost and in quantity sufficient
to provide synoptic data in the field at small expense of installation
and maintenance. Simplicity, portability and dependability were con-
sidered the important objectives in designing to achieve the regquired

results,
It is considered of prime importancs that all required data be sipul-

taneously recorded only to the degree of accuracy needed for this type
of service and that the possible loss of unattended instruments should
not be finencially serious. The instrument thus servas entirely diff-
erent functions from more elaborate and accurate instruments of the

S.T.D. type.
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A proposal that such a1instrument should be designed and
constructed was submitted to the Office of Naval Rkesearch in
Jure, 1951 and approved in Lecemier, 1$51, First, a prelirinary
model was tc¢ be constructed with no particular emphasis on com-
pactness or similer refirements, This exploratory model is here
described witn an assessment of its success, and recommendations
for modification in future mocels. Inbterim reports have already
been submitted (52-10, April 1952 and 52-21, December 1952).

The various unit componunts are descrided first, then the
camera and cycling mechanism, and, finally the case. Because the
model is experimental, more constructioral details are given for
the individual units than for their mounting, since the latter will

undoubtedly be greatly modified in future,

COMPONTN TS

Pressure Flement, Depth measurement is accomplished by using

a bourdon-type pressure gage manufactured by James P. Marsh Cor-
poration of Skokie, Illinois. The gage is modified by substituting
a rotating dial for the pointer, and using a fixed index., The ro-
tating dial is of hecavy paper, fastened to the original hand and
hub, The range is O to 30 pounds, with an accuracy of 1%, and the
range can be changed by the substitution of another gapge. The
original gare cost is ,2.00, The rotating dial arrangement uses

a minimum of the photographic field since énly the relevant
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pértion o the dial, lying behind the index; is includeds.
. hThe small 45° mirror through which the photograph is taken, is
seen in Figure 3.
A closed system containing clycerin transmits pressure to
the game which is mounted inside the top cap of the instrument.
A neoprene bulb filled ith glycerin, moynted on the outside °
of the cap at the other end of the system, prevents sea-water
from entering the gage. The gage is thus enabled to retain its
calibration for a much longsr period and prevenits ses water from
entering the case if the bourdon should rupture. A pressure dam-
per, consisting of two small felt pads and a plug with a #60 hole,
is included in the line between the bulb and the gage. This danmps
A out wave action by restricting the flow of glycerin to and from

the gage. The gage size and dial arrangement are given in Figure 9.

Temperature Element. Temperature is measured by a bi-metallie,
dial-type, testing therumometer, made.by Weston Electrical Instru-
ment Corporation, NMewark 5, New Jersey, their Model 2261, costing
$7.50. ‘This thermometer, with an accuracy of % of 1% of the rarge,
is completely encased in stainless steel, except for the scale
glass, and has a scale length of 3,10 inches. The drawing in
Figure § indicates the size and shape of this thermoueter,

The range is -40O® F, to 1609 F., but thic same model can be
supplied in any range.

The stem of the thermometer extends into a brass well which

is sealed inio the top cap of the case. Figure 3 indicates the

wiXg £4
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position of the well in the top cap. This arrangement is used to
prevent elsctrolysis in sea water between the stainless steel ther-
mometer stem and the brass case. Use oi the well prolongs the life
of the thermometer indefinitely and does not affect its accuracy.
Black markings on a white dial make this instrument sasy to photo-
graph.

Density Unit. UDensity is measured by a constant--volume,

variable-weight hydrometer designed and built in the laboratory.
Variable weight is provided by thrse fine gold chains suspended
from the bottom of the float at 120° intervals from each other. As
density increases, the float rises until it supports enowsh of the
chain to restore equilibrium. The chain is #96L, 10K gold, made

by Speidel Manufacturing Company, and weighs .0625 grams per inch,
The outer end of the chains is supported by a lucite ring, as indi-
cated in Figure 8. Use of three chains keeps the float centered

in the chamber. The chains are anchored to the float and ring with
2li-gage, 10K gold wire clips to simplify replacement of chains and
cleaning of float whenever fouling occurs. The float is inade of

15 om. pyrex glass tubing with a volume of 24.2 c.c. giving a ca'-
culsted rise of .200 inches per 1.00 /o0 selinity change. The in-
gide surface of the float is coated with white lacquer before weigh-
ing and sealing. The lacquer provides a better backsround for the
scale which is etched on the outside and filled with marking ink
after the rise of the float has been measured in titrated solutions.

The scale will cover a chanre of 20,00 ©/5 in 4 inches and can be

set to cover any selected range from 0.00 9/o0 to 40.00 ©/co. The
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scale is photographed against a fixed index to eliminate parallax

error. A change of 0.20 9/00 can be read from the float.

The complete hydrometer can be removed from the instrument
by removing one screw vhich clamps it into the 2-inch lucite tube
housing. The complete unit is shown in Figure 8 and the installa-
tion is shown in Figures 1, 2, and 3. The problem of electrolysis
was eliminated by using 10K gold as tlie only metsl in the plastic
chamber. The float is photographed through the transparent housing
tube by means of a mirror at an angle of L5°,

Current, Current direcéion and velocity are measured by two
vanes pivoted vertically on a common center and spring-loaded
against each other, The vanes at rest position form an angls of
1209, A pointer extends from the front of each vane and these
lie side by side in the rest positian; Both vané;_;ivot together
to indicate direction, and the amount of deflection between the
vanes indicates the velocity of the current. The vanes are mounted
on the top cap, outside the instrument, directly over the center
of a circular lucite window, A paper dial indicating compass
points is cemented to the inside of the window, and used tc measure
the vane direction and deflection. The dial is photegraphed direct-
1y and occupies the main part of the field. Lighting is provided
by two bulbs placed adjacent to the dial). in position to illuminate
the pointers above the "vindow.

This unit has a range of 0 to 2 knots, but has a tendency to

change its calibration because of corrosion on the spring and vari-
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able friction on the pivot. .ie intend to replace this unit by
a Pitot-type velocity indicator when a new type case is designed.

Xompass. A small, uncompensated hand compass, set to-ont side
and viewed by a mirror placed above it provides compass direction,
The compass.and current dials are oriented in relation to each -':
other and viewed side by side on the film., The coupass cculd ve
mounted at the center of the current dial with a transparent bottom

support. The cost of this compass is 32.00,

Recording Unit A 16um., magazine loading, Revere m:vie camera

is used to record data. This camera is modified by moving the

shutter mechanism through an angle of 90 decrees permitting timed,
single-frame exposures. The camera is triggered by a 6-volt, D.C.
solenoid mounted on the side. The solenoid keeps the shutter open

as long as the circvit is energized. The exposure time is 1} seconds

at F.16, with Super X film, The magazina holds 50 feet of 16mm film,

The lens is a 17-mm, F2.5, wide-angle, adjustable focus ‘'ollensak.,

The camera is spring wcund and will expose 11 feet of f£ilm before
rewinding. One eiposure is made every haif-hour over a period of
seven days. Camera exposes 8% feet of film, or 336 exposures in
one week, leaving a reserve of approximstely two days. The ex-
connected to the take-up reel in the magazine, The tilm requires
fine grain developmz2nt. Figures 1 and 2 show the positicn of the
camera in the instrumant.
Camera and lens cost 200, which can be reduced by the use of

an8mm camera or one which uses a smsller magazine.
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Optical System. The camera views the instruments either

directly or by mirrors. The thermometsr and the current dial are

viewed directly, while the compass, hydrometer, a2 pressure gage

.are viswed by mirrors, as shomnin Figure 3. Figure 6 is a highly-

enlarged 16-mm frame showing the record taken by the camera. The
clock face will be included in any refined model.

Six 2}-volt lamps are connected in series-parallel, as shown
in Figure 11. Two are placed adjacent to the current dial, one
near the top of the hydrometazr tube, one e2ach nez2r the compass,
thermometer and pressure gage, as swmwn in Figure 3., The bulbs are
run at a slight over-voltage to increase their emission, and have
a life of approximately six months. The upper inside surface of
the case is painted white, the top cap is black. The quality of

the picture is satisfactory for editing directly from the negative,

Cycling Circuit., The camera and lights are controlled by a

small 13-volt solenoid-drive clock, the heart of the cycling cix-
cuit, described ir Figure 7. The minute hand carries a sliding

silver contact that momentarily closes a L5-volt circuit once

:every half-hour, The circuit closes a #@ay-~withi %00Q ohis resis-

fmyce; tthérging several capacitebs:(connected. in parallely simul-
taneously. The relsy closes a 6-volt circuit which controls the
lights and the camera solenoid and which 1711-1 remain closed until
the circuit voltage drops from 45 volts to 18 volts. The delay time
can be changed by varying the capacitance in the circuit. Four #6
1}-volt ignition dry cells, connected in series, are used for the
circuit which draws 2 amperes. The battery life is sufficient for

2 months! service. A complete wiring circuit is shown in Figure 11.

- 7-
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The clock is imported by El Products Corporation, 501 Madison
Avenua, New York 22, New Yurk, and costs ,10,00 Tne dial and con-
tact assembly shovn in Figure 7 was made in cur laboratory.

The relay costing .3.50 is type L5 with a single-pole,
double-throw contact arrangement and a 5,000 ohm coil, purchased
frow Potter and Brumfield, Princeton, Indiana.

This cirauit is operating satisfactorily but -/ill be modified
slizhtly to make it more rugged. The battery supply can be reduced

to save weight and expense.

Container, Instrument case is made from brass tubing 8" dia-

meter x 1/16" wall x 2 feet long with a brazed flat cap at the
lower end, and a 3/L inch flange at the upper. A stiffening band
at the center supports two pivots which ride on a gimbal ring., A
brass tripod mount 21 inches high carries the two remaining pivots
to complete the gimbal axrangement. The casing is designed to
float in a vertical position in the tripod mscunt., Figuresl and 10
detail the case and tripod,

The inside of the instrument is suspended from the cap by three
% inch brass rods and is removable from the case as a complete unit,
as shown in Figures 1 and 2,

The brass top cap fits over the flanged end of ths casse, and
seal is provided by a 1/8 inch thick, flat reoprene gasket com-
pressed by tirelve } x 20 brass bolts.

The case is covered on the outside :vith a liquid neoprene
coating, N-200-1, made by Gates Engineering Company, P.O. Box 1711,

=8
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W¥ilmington, Delawars. This coating eliminates the prcblem of

electrolytic corrosion between brazed parts.

DISCUSSION

It must be emphasized that this is an experimental model, de-
signed for flexibility, and that a later mode) will be simplified
and more compact, and cheapar, These aspects ars discussed below.
The temperature and pressure units are entirely satisfactory. They
are easily replaceable, so that alternative units, with different
ranges may be substituted as required by the conditions surveyed.
The timing and cycling mochanis:ﬁs also are satisfactory and call
for no changes. The density unit is not as rusged as could be
wished but stands up well under normally careful handling and can
easily be replaced if necessary. Its accuracy is good. An alter-
native flushing mechanism will be incorporated if the case design
is changed in future models.

The compass is satisfactory. The current direction indicator
is good, but the velocity is not altopether satisfactory. Further
experiments are necessary to see whether a Pitot Tube would be an
improvement of the present design.

The camera used is unnecessarily expensive and a considerable
saving could be effected on this item. Photographic definition is
excolient and a saving on the case could probably be made by sub-
stituting sither a cheaper lens, or 8rm £ilm camera, or both. The
optical system is sufficiently flexible to allow ready modification

along these lines, or in the case design.
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The long axis of the case in a later model should be horisontal
to give better stability in a curreat. The case probably could be
made smalier, particularly since battery wvolume can be reduced.

The present batteries provide ruch more than one week of life and
it is a simple matter to replace them each time the unit is serviced.

It is essentisl that the instrument be relatively inexpensive
in order to fulfill its purpose. A number of instruments may be
employed simultaneocusly for a survey and the loss of one or twc
should not involve a considerabke financial loss.

In the pilot model, not including labor, costs ars about $200
for the camera, 67 ror other parts and raw materials, and $50 for
the case. In future models there could be a considerable saving
on the camera which is the major expense in the present model. The
brass case also could be made more ot;eaply if the materiﬁ could be

. bought in quantity. Costa them would probably nct be much over $200
plus labor, the latter, of course, depending on the number of in-
struments being built at one time.

It is felt, therefore, that the pilot mode”. :smonstrates that
a reasonably choap instrument may be prcduced. Except for current
velocity, it meets all the requirements originally specified, and
it is fully expected that the difficulties with current recording
will be met in future models. Even without velocity records; this

is a very useful instrument,

«16-
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