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Summary

The purnose ol bthir cruire was to test the spherical pressure vessels
purp P . _

for the ocean bottom seismographs in deep water and to check the descent,

bottom release, tracking and recovery of a twin sphere agsembly which

on later cruises will houmse the seiswmopgraph.

411 these teshas were

successfully accomplished, but 2 number of improvements in the conetruction

and recovery of the equipment can be made.

A subsidiary purpose of the cruise was to gain familiarity with the

use of Ag/AgCl non-polarising electrodes in measuring potential

gradients in the sea.

Personnel

Dr. T, J.

Mr, P. J.

Mr. B. W.

Daily Log
2nd March

3rd March

44 h March

S5th March

G,

Francis

Osborne

James

1200

0855
CY00-09#5

1000-1630
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1500—1450
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Nell.RCu=U. K. A E.A. Blacknest

UK A B A.-A0.R.8. Aldermaaton
U.K.A-E.A. ~ Blacknest

Loftlloek at Barry.

Un pasiage.

Arrived area of eperabions, approx. We¥TN, 107w,
Taid Dan buoy in 4700 metres of waber.

Pressure testing 3 empty spheres to 4500 m depth.
Operation suspended temporarily due to weather.
Pressure testing twine-sphere assembly on main

warp to 4500 m depthe

Minoxr repairs to twin-sphere assembly.

Pracking twin-sphere assembly fleating on surface.
Free-fall of twin-sphere asmembly in %700 m waber,
traciking and recovery.

Recovered Dan buoy.



6th March 0030-1545 On pascone to Barry.
14451615 Towing non-polarising elacfrodes at 3% kt.
Various courses over edge of shelf.
1615 On passage to Barry.

7th March ¢.2000 Arvived Barry.

Pressure Tests of Three JFuply SGphores

This test coﬁuisted of lowering tﬁe three spheres to 4,500 metres
depth (6,750 p.ﬂ.i.)‘with the mein coring winch and keeping them at fhat
depth for 3% hours. The srheres tre desipgned to operate down to 6,100
metres depth (9,150 p.roi.), at which depth the safety factor is 1.27.

All the gspheres #ithaslood the pressure and noe leaks occurred. A steel
probe indeniing on Indinm surface was ingtalled in one of these spheres
to measure its contraction under prescure. This showed a fedﬁction of the

‘internal diameter of the sphere (25%") by 1/16",

Pressure Tegt of Wwin Svhere fosenbly

This cohsiﬁted of lowerin; the assembly to 4,500 metres depth (6,750
PeSeis) with the main coring +inch and keeping it at that depth for
1 hours. The pinger aud Clashing Light werelaperated throughout from
electronics and power sunplies in the lower sphere. The explosive bolt
was fired ab depth by a clockwork time delay also housed in the lower
sphere.. The firing ol the bolb was not detectable at the ship, but the
pinger was recorded throughont on the PDR (Precision Depth Recorder)
~ indicating that the spheré containing its electronics was intact.
Lead weights simulated the soismopraphic egquipment in the lower sphere
s0 that if [leoding eccurred no expensive apparatus ﬁas harmed. All
the equipment under test operated nabisfactorily, but damage to minor
structural eleméntﬁ and Lo the glosc of the flashing light was caused

by rough handling oun bringing the ascenbly inboard.



Test of Twin Sphere Assembly s Surfsce Buoy

In this test the sssembly was placed in the water in the.identical
configuration in which it would surface from a free release, to test that
it floated correctly and our éhility to track-it vieually and by radar,
Only the top 3.l ft, of the mbructure appear above thé spurface when
floating, so that it iz too low in the water to be an effective radar
target. At the time of thic Lest sea conditions were favourable, with
1ittle sea and & modernte ssell, and Lhe assembly was detectahle'by radar
to a range of 0.5 naubical milec. Visuall&, through binoculars, it could
be sighted at more than twice this range. No aitempt was made to try
alternative rédar refloctors as it was thought that their effect would

only be marginal.

Free Relense, Tracking and llecovery of Twin Sphere Assembly

The two preceding tests with the twin sphere assémbly were necessary
preliminaries to.this main tesbt in which the assembly was allowed to fall
free to the sea bed at 700 metres depth (7050 p.s.i.); remain there for
I hours, then fire its explosive bolt and rise to the surface for recovery.
~During its descent, ascent and sbtay on the bottom the acousbtic pinger fitted
‘to the assembly was cdntinnouuly recorded cn the ship's P.D.R., enabling
its rate of fall, rise and position on the bottom fo be determined.
The acoustic pinger transmiltted a.10 Khz pulse precisely at 1 second
intervals - the same froquency and pulse repetition frequency as the
ship's echo sounder - go that any change in the relative velocity of the
pinger and the ship {e.. the assembly landing on the bottom or the
ship steaming away) caused a chonge in sliope of the pinger record on .
the P.D.R. Examples of the records obtained are ghown in the diagram and

the relevant weights, buoyancles and rvates of sinking and surfacing obgerved

are given in the table.
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While the assembly was being tracked acoustically the position of
the ship waeg observed by radar fixes on & moorad danrbuay. Each course
past the twin sphere assembly on the bottom produced a hyperbolic trace
on the P.D,R. from which the time of clogest approach could be obtained.
At this time-the assembly lies on a line perpendiculax to the ship's
track., By following a number of courses a number of pcsitién times were
obtained, hence a fix of-the equipment on the sea flcor. The poéition
obtained was only 0.1 nauticel miles distance horizontally from the point
at which the assembly was released on the surface, i.e. not significantly
different from the latier.

The test was timed so that the assembly surfaced st night, since
its flashing light can be seen more easily a¥ night“than the aotual structure
in daylight. |

When a body falling freely through a viscous fluid hase reached its
terminal velocity (U), the drag force it experiences is given b&

F =% Cy UZSF
where § is its cross sectional area perpendicular to the direction of
motion, g is the density of the fluid and €y is a dimensionléss number

called the drag coefficient. CD iz a fuonction of the Reynolds number

also dimensionless, where d is a relevant dimension and Y is the
vigscosity of the fluld. For a cylinder CD lies between 1.3 and 0.3 for
values of R ranging from 102 307106 (Goldamith, Mecdern Developments in
Fluid Dynamics, 1938).

In the case of the ﬁwin-spherg asgembly falling through the sea,
Ue 100 cm/sec,tf = 1.025 gn/c.c., ¥ = 0,015 poise and d# 50 em. Hence
the Reynolds number is rather large, Ra 3 x 105, near the limié of the

range for which'CD is srecified by Goldsmith. Nevertheless, the drag
_coefficients both for the descending and ascending assembly come out at the

reasonable figure of 0.6 (see tabled.
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Conclusgions and Recommendations

The most critical part of the whole operation wes retrieving the twin

sphere assembly from the sea. Thic wag done three times in the course

of the cruise, esach time more smoothly than the last ma the cfew grew
used to the problem, Nevertheless the-sphereé struck the shilp's side a
number of resounding blows which would have subjected apparatus inside them !
to greater accelerations than we weould wish. The following damage was ‘
caused:
(1) Gouging and scratching of the hemispheres and particularly of the
equatorial rings, which could weaken the pressure vegsels and by removing
the protective suriace allow coyrosion te stard.
(2) Distortion of the conical structure on top of the mssembly. This is
of minor importance as the siructure only holds up ﬁhe 1ifting bridle
and does not btake the weight of the assembly when it is lifted out of
the water.
(3) Dislodgemeﬁt of pinger scroll and flashing light from %top sphere
and consequent shatbering of glass dome of the {laghing light. ~ The gruby’
screws holding these to the boss of the top sphere were too light.
(L} Fracturing of clamp securing the bosses of the top and bottom spheres
together. fThis can be sirengtnonsd.

To avoid a repetition of this damage rubber fenders will be fitted
sround both equatorial vings before fhe next sea trip.

The setting of the clockwork time delays used on this cruise to
fire the explosive bolt required fhe bottom sphere to be split on the cpen
deck of the ship. Thic was a Lricky eperation becasuse of the cruditiy of
the available lifting gear and the motion of %he ship. With the
seismopgraphic eguipment installed, the gsphere will only ke spliif in a
clomed compartment to avoid conbtaminstion by spray anddamp. It will

also be necesasry to have our own chain heiet for Liftling.



The rate of fall of the twin-sphere assembly was rather higher'

than necessary and the weight of the sinker should be redugced.

T, Jo &« Francis

UKAEA,
Blacknest,
Brimpton.

"20th March 1970



