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A THEORETICAL AND EXPERIMENTAL STUDY OF THE KINEMATICS OF
A CORING TUBE ACCELERATED IN WATER BY
HYDROSTATIC PRESSURE

By

A. Kermabon

Summary

The implosion at great marine depths of a system composed of a light tube, which
is cloged at one end by a light cap and at the other by a heavy piston, is examined
theoretically and experimentally. Special attention has been given to the downward

acceleration cof the tube,

This accelerated tube can be used to core deep sea sediments, and a study of the
penetration of the tuke in normal sediments has been made. With this new coring

device, it zhould be possible to obtain long cores with relatively light equipment.

A small gcale model has been tested; it has given encouraging results. Sea tests

of a Tull gcale prototype have just started,

Some technological details are given, but the present design will be subject to

many improvements and changes,



1. INTRODUCTION

Cores of deep sea sediments are normally obtained by a tube, which is atiz.n=d
to a large heavy mass and allowed to fall freely a few metres above the sedimens
to be cored, The equipment is rough and needs little maintenance; however,
manoeuvring heavy weights at sea is always a delicate and dangerous cperation
and, unless the masses are very large, the energy involved is limited. The
energy may be increased by increasing the drop distance, but the drag coefficient

of the driving mass (always large in diameter) limits the speed.

Some oceanographers have iried to use the hydrostatic pressure at the boitom
of the sea to force a corer into a hard botiom. In 1927, M. Knudsen (Ref. 1)
reported on a sampler for a hard bottom, and in 1940 Pettersson and
Kullenberg (Ref. 2) published a paper in Nature on a vacuum core sampler,
However, neither was able to avoid the "sucking effect" of the sediments during
penetration and the projects were abandoned. In 1941, Piggot (Ref. 3) designed
a corer that was driven into the sediments by the forces created by an explosion
cf black powder. The coring tube, driven at high speed into the sediments,
obtained cores up to 3 metres in length., The equipment was relatively light;
however, aside from the fact that handling of explosives at sea is dangerous,

mogs t of the released energy was used to counterbalance the external pressure,

This report proposes a system that uses hydrostatic pressure to accelerate

a coring tube, suspended just above the sediments, and to gain, in this way,

in kinetic energy what a light equipment loses in potential energy. The proposed
system is mechanically simple, and the coring tube is utilized as a reservoir

of energy {air at atmospheric pressure) during the propulsive period. The
corer is released well above the sediments and, in this way, any '"suction

effect' of the sediments is avoided.



2, PRINCIPLE OF TUBE ACCELERATOR

Figure 1 shows the mechanics of the system. The tube contains a vacuum or air
at atmospheric pressure and is made watertight by a cap at one end and a piston
at the other. The cap may move upward freely, but its downward movement is

prevented by a shoulder; the piston is held fixed in the tube by a shearing pin. 3

The piston has a large mass as compared to the total mass m ; m,y of the cap

,i—-cap-sn'\ull mass Mg
R Now let us study the system when it is

I submitted to the external pressure

and tube.

existing at great marine depths. The
tube-mass my—___|
| external hydrostatic pressure forces on

the tube-cap=-piston group are statically
atirosoheric prossirs. ] counterbalanced by the internal forces

| of the rigid mechanical system, When

the shearing pin is broken and the piston

is free to move in the tube, the
mechanical group, still under the
influence of the same external forces,
will no longer possess internal ccunter-

balancing forces in the vertical plane,

(With the exception of the small force
Fig. 1 The Tube Accelerator - Assembly Principle

produced by the compression cf the air,
which was stored at atmospheric pressure in the tube.) Two movements will
then occur;

1. The tube will move dowaward due to the force applied to the cap

2. The piston will be forced upward in the tube by the external pressure,

In aciual operation, the piston is locked to the tube by a mechanical quick-
releasing device,



Since the piston is long, the friction force of the piston in the water will not
differ greatly from that of the tube. Since the entire system is submitted to
external forces only (if the effects of friction are disregarded), one can state the

conservation of kinetic moments at any instant as

MV = (m, +m_.) v

1 0
where
M = the mass of the piston
\' > instantaneous speed of the piston
m, = mass of the tube
m, = mass of the cap
v - instantaneous speed of the tube

1 + m, and the tube speed may be shown constant at about

M/m times the speed of the piston (disregarding friction). Similarly, the tube

L.et m represent m

will move in vertical distance M/m times the distance moved by the tube (again

disregarding friction) during the propulsion phase.

When the air inside the tube has been compressed by the piston, the differential
energy, due to the pressure difference between interior and exterior, ceases to
exist. Since the internal and oxternal ye 'ical forces are cqual, the kinetic
energy of the piston is sutlic tunt to carry away the lightweight cap at the top

of the tube. When this occurs, only the tube continues toward the bottom at a
high speed, while the piston moves upward at a slower speed. The kinetic energy
acquired by the tube is sufficicnt fo cause if to penetrate the sediments at a

very high speed; thus, it is possible to obtain long cores with relatively light

equipment,



3. DYNAMICS OF THE PROPULSION PHASE

The movement of the tube and cap, alter the releage of the piston, iz congidsred.
Let

m = mags (cap + tube)

d = masss dengity of cap and tube

x = distance traveled by the tube from the moment the piston is
released until the moment t

pP. = external pressure

S = inside section of the tube

1

k = drag coefficient of the tube. Dimensgion ML

2 = gpecific mass of water

Then the equation of motion can be written

dx 12
: S (-—-’ -x pgS (1)
dt di

The term P, S hze a value of approximately 10, 000 kg at 2500 m depih and, by

: , 1 . . .
comparison, the term mg (1 - --51 X 30 kg can bza neglected.

Fdx 2 > ¥ = " . e

-k l-i-— is the resiztance of a moving body in water due to drag and

water friction
Py S ig the initial force applied to the cap at time zero
ax )2 . e 3.4 4
A5 S T ig the regtrictive term tzking into zccount that, during the

movement, the initisl pressure . which is applied to the
cap, is not constant, since some potential energy is

transformed into kinetic energy.



-x,0g8 ig the variation of potential energy. Since this term is

small (because x is small), it will be ignored.

The term

_ L dxz_
= Ij0 2 (dt’ *PE

is derived from Bernouilli's theorem. The amount of water in direct contact

with the cap follows, more or less, this laminar law of flow.

If we consider that P, static pressure is applied to the system when the speed
is v and the potential headish, and that p'static pressure is applied when the
speed has changed to v' and the static head is h', Bernouilli's theorem, applied
to the system, becomes

P 2 2

0 v p' + v'! b

Ay 2g /g 2g

When this result is applied to the portion of water in contact with the cap with

the initial speed v = 0, the following equation applies

V‘zﬂ

p = p' + +(h'-h) O g (2)

The variation of static head (h' - h) © g is a negligible term in comparison

with the other terms in Eq, (2), and it is possible to write

2
'p :pl+v—|2&

o

Equation (1) becomes

1
o
wn
1
—
+
|

2 2
O3 (d") (3)

- d x
dt2



or

(51_352 :( -m dzx 2 }?OS (4)
G k+§:3 dt 2 k+§s

This nonlinear differential equation can be solved for

2
‘—j%-) - (%)

The general solution of Eq.(4) is

dx % px
ola= = +
( = Ae B (5)
After derivation we get
dx d2x px dx
2 (——— — Ape e
dt dtz dt
and
dzx A px
VT B
dt
Equation (4) becomes
p S
AT B e —?— pepx +o—— (6)
k+£5 K+£s
p S
B = —————m

-]



and

A ’px __mAp epx
2 (k+£s)
2
. L Bkt 08
P m
iy ol dx
Initial conditions: forx = 0 e e 0
Then, Egq.(6) becomes
5 mADp + pob
L o
+ & + =
2 (k 5 S) k 5 S
2 2Sp0
mp

If (p) is replaced by its value, we get

wn

pD

e ey
+ =
k+£'s

and Eq.(5), which represents the general solution of Eqg.(3), can be written

(_des,)z PP IR I T
o 1«:+2-’9s 3L k+'f§os



and finally,

defd . -Bge o gl R -
e : — 1 - 3l e x) e
k+ 28

which 1s the equation of motion for the propulsion phase.

Conclusion:

p S
or X -+ oo

(e}
dt Pe)
k+ &

5 S

which corresponds to the asymptctical speed limit., But

X o
(a—] ig a function of S

We see that for 5/ 37 —
L

2p
J\ c
i
A2
which is Torricelli's theorem

The thicoretical S should be as large ag possgible; however, one should keep in

mind that k increases with S,
4 DYNAMICS OF THE PENETRATION PHASE

: ? g 2
To make the caleulus simple, we assume the friction of f dynes/cm™ to be
constant at any given place, although f may vary within wide limits according

to the character of the sediments, If the frictional resistance to a tube within



the diameter ¢ is denoted by r dynes/cm, we have

r-= fvﬁs

Then the equation of motion for the tube and its cap, when they are going down

into the bottom, is

2
mdX = mg (l-l)-k[d—x) - rx {8,

x = the depth of penetration

Equation (8) can be written

2 2
dx EPL - LG 12 R mg 1
at| k a2k e (1 d) (8)

The term [_UL_[E__ 1 - % will be very small in comparison with the other terms

of Eq.(9). Therefore, we shall neglect it and consider only the equation

2
(__d_zzz__ni.é_x_zx (10)
dt k dtz k
This nonlinear differential equation can be solved for
2
dx -
[ -
The general solution of this equation is
dx px
at = Ae" +Bx+ C (11)

10



After derivation we gel

3
2

Replacing the values of Egs.(11) and (12) in Eq. (10), we cbtain

px |, _ _mAp px. mB _ P
Ae’ +Bx+ C = e =hh ok w X

By identification, we see

px mAp px
Ae o7
- - _—-Z_E-
P m
P
B A
Kk
= mB mr
B ESem el
2k
Equation {11) becomes
2
e gen B8
i : 91
Initial cenditions: for x =0 and v = v
vz = A + mzr
2k
and
2 T
A = v = —-E-n-z-'
2k

11

(13)



Equation (13) then becomes

2 - — X
Eli vz mr & m __‘_:;X+ mr
- o 2 k 2 (i)

which ig the equation of motion for the penetration phase

5, NUMERICAL APPLICATION

A prototype of the mechanical system has been designed and will be described
later in the paper. The behaviour of the system under the external pressure found

2
at 2500 m depth {i.e., at = 250 kg/cm” pressure) is studied here.

5.1 Characteristics of Equipment

Length of tube 4 400 cm
Inside diameter of tube = 7.3 cm
Ouiside dizmeter of tube ~ 9.0 cm
Ingide section of tube ~ 40.0 cm2
Outside diameter of nose ~ 11.5 cm
Mass of the tube A 30,000 gm
Mass of cap 3 100 gm
Mass of piston — 90, 000 gm

5.2 Drag coefficient of the equipment

The hydrodynamic resistance of the tube moving in the fluid is

cs. P
2

2

12



We shall write

k = ——(-j-izl—f- and R = kvz
C = a geometrical coefficient of drag depending on the Reynolds
number
Sl = a section of the solid in a plane perpendicular to the displacement
line (in this case, the section of the nose bit)
i = the specific mass of water

The expected speed of the solid in water V is = 104 cm/sec and the Reynolds
number N is Vd/9 , where d is the outside diameter of the nose (11.5 e¢m) and
2 is the dynamic viscosity coefficient of fluid ( )) = 7/,0: static viscosity of

fluid/specific mass of fluid).

) 1072

~ P for water
N ~ 107
For N = 107 -+ C= 0.3 (from Fig. 2, part cd of the curve)
CS,F
k = 2
2

We shall consider the tube as a solid
bar; in this way, we exaggerate con-
siderably the coefficient of drag, but

we shall assume that this compensates
for the neglected internal friction in the

tube.

1 102 10% 10

F'ig, 2 Variation of Drag Coefficient versus

Reynolds Number

13



2

S = Section of nose bit 95 cm
& = 0.3

© = 1gm/ecm

k

~ 15 gm/cm

5.3 Propulsion Period of Motion

The following is derived from Eq. (7) the equation of motion during the propulsion
period. The ambient pressure at 2500 m depth is 22250 x 981, 000 (= 2.5 x IO_SS

dynes/cm2

S = 40 em
k = 15 gm/cm
2 = 1gm/em
I‘CS 5
- = 2.8 x 108 (cm/sec)
k4 fgs
M = 2. 33 x 10_3 Cm-l

m

The asymptotic speed will be V2.8 x 104 cm/sec or 167 m/sec.

14



Since the mass of the piston is approximately three times that of the tube
assembly, the total motion of the tube, during the propulsion period, should be

about 3/4 the total length of the tube, i.e., 3 metres. (See Section 2).

For x = 300 cm, and with all terms replaced by calculated values, Eq.(7)
becomes
2
dx 8 -0.7
= 2 -
It 8 x 10 (1 e )
8
=  2.8x10 1-0.497,
dx

1.18 x 104 cm/sec

dt

118 m/sec

We see that this sytem will not have the maximum efficiency. Only 118/167

or 70% of the maximum speed will be obtained during the propulsion phase. To
make the system more efficient, the masses of the cap and tube assembly should
be smaller and the tube length much longer. For a tube 10 m long, 90% of the

speed limit will be produced during the propulsion period.
5.4 Penetration Period of Motion

The equation of motion during the penetration period was given by Eq. (14).
We have seen that r = fvrﬁ‘ . where}j is the external diameter of the nosebit.
For low speed corers, the friction resistancefofthe sediments is generally

considered fo be-about 4 x 10 dynes/cmz.

In the case of high speed corers, most of the friction occurs along the outside
and inside diameters of the nosebit, which are respectively larger and smaller
than the coring tube itself. The sediments inside and outside the coring tube

are frozen during the penetration process and very little friction occurs between

15
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Fig. 3 Speed versus Penetration for the Full Scale Model
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the coring tubs and the surrounding medium. Therefore, f has been assimas o

be arcund 103 d}mizs;’r;m'3 and

r = 'IUaxrrxii.S

4
= 3.8 x 10 dynes/cm
The various pararneters of Eq. (14} can be calculated, with

v 2 Makde 108 {cm/sec)z

oLt = 2oy 10h (cm/sec)z

2k

o NP

r
T3 = 0,24 x 104 cm/aec:z

the equation cecomes

2
53 - 10% (13,800 7Y * - 0.24x + 200) (15)

which can be writtan

-3

B! 10 x

107 . 13,8002 10% (- 0.24x + 200)

T =¥ tys-

Figure 3 presenta a plet of speed versus penetration for the full scale model;
the functions of Yy and y_ are taken thereirom and presented in the tables which

follow.

17



TABLE 1 - Functions of Y1

X ¥y, X 10-4

P ey
S

10 13662
100 12489
400 9246
500 8376
1000 5078
1100 4595
1200 4153
1500 3077
2000 1863
3000 687
4000 252
5000 93

TABLE 2 - Functions of Yo

X Yo X 12?‘4
o (=)
S
0 ' 200
400 104
834 0

18




An inspection of Fig. 3 shows 3 corer speed of = 0 at a peneiration of about

31 metres, However, to avoid deformation of the core, we must stop the tube
when 1t has penctrated approximately 4 metres and still has a high velocity: L. e.,
for x = 4m, = 96.5 m/sec. BSpecial arresting chains have been designed to

stop the tube; these will be discussed in a later section,

6. COMPARISON OF SPEEDS OF PISTON AND TUBE DURING PROPULSION
PERIOD

Equation (7) is the general equation of motion during the propulsion period. If
we suppose now that the drag coefficient of the pision is identical to that of the

tuber, the equation of motion for the piston during the propulsion period will be

p_S

dx = © {| & g 2k +P8S 3% (16)
g M

All terms of this equation are the same as those in Eq.(7) except that the mass
of the pisten M is now three times that of the combined mass of the tube and cap

m, By analogy io an RC electrical circuit

M - m
e and e T ek
2k + ps5 2k + ps
will be called the "travel constants' of cach respective motion (the ''time

constant'' of an RC c¢lecirieal clreuit),

Im

Fr Eq.{7), ————
rom Eqg.{7), for x Skt D8

(V]

dx 2 e} & e-l
dt

2
= 63% (5peed Limit)
18



x displacement (tubescap)

F

I X displacement piston
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20010
M
D
lﬁéﬁmf
dt sT *
150108
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5 ® v
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o |
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S
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: e
o
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x
x | X
50102 / //
x
x
X
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1
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displacement (cm) —a=

Fig. 4 Comparative Speeds of the Piston and the Tube During the Propulsion

Period of Motion
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M

From Eq.(16), for x = —m

- 63% (speed limit)>

The "'travel constant' of the piston is then 3 times the "travel constant' of the

tube.

A comparison of the squared piston speed V. and the squaredtube speedehas‘been

1
computed from the equation of motion (Eqg.(16)) for each and plotted in Fig. 4.

Table 3 presents some selected values taken from Fig. 4, for both Vl and'Vz.

TABLE 3
X Vl = f(x) Vz = f(x)
=6 - 2
cm 10 )(cm/sec)z 10 6(cm/sec)
0 0 0
10 5.6
50 31.6 10.9
160 57.4 21.5
200 105.0 41.4
300 140, 8 57.4
400 169. 4 74,8
500 195, 7 90.4




We shall assume that, during the propulsion period, the mechanical system

is submitted to external forces only. This assumption is not fully correct because

various friction forces, developed during the motion, are not negligible.

However, to have some idea on the displacement of the piston or the tube,

we shall assume the conservation of kinetic moments; hence, we can write

where

: F—
v =
M = mass of the piston
m = mass of the tube .

Equation (17) can be written

instantaneous speed of the piston

instantaneous speed of the tube

2 2
y| . |M
\% m
2
ks M
e =] — = 9 for the full scale prototype
v m
2
Reading from Fig. 4, for x = 300 cm, V, 2 140.8 x 10° (cm/sec)?
6
for Vz = —1-’%-03—& = 16.5 x 106 (cm/sec)” then
% = 75 cm
piston

instead of 1 m previously assumed in the calculations of Section 4.

22
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We then see that

1M
M+ m

which is the travel distance of the tube compared to its total length is about

correct

7. MODEL EXPERIMENTS IN HIGH PRESSURE CHAMBER

Figure 5 1s a schematic drawing of the model.

Liength of tube 45 em
Length of piston 30 cm
Internal tube diameter 4.4 cm
External tube diameter 5.0 em

A brass shearing pin (3mm diam. ) holds the piston rigid to the tube until the

pressure reaches 38 kg/cmga

Figure 6 shows the arrangement of the pressure chamber. To compensate the
pressure variation when the mechanical system tube piston implodes, a cushion
of compressed air is used on the top of the water. An air bottle, connected to

the pressure chamber by an "aqualung' tube, supplies the compressed air.
Because the flow of air from the bottle does not match the speed of the implosion,

there will be a pressure decrease when the implosion occurs; consequently,

the motion of beth tube and piston is somewhat slowed down.

23



Jdaqurey
POOM ™
AR
f P
W2 QO = puDs

uoisodw) J23j0 uolsid

Bunouadn>

2Jd JO) DI04 o S

JDIOM

#LI[E’ !
|“|“ o

ooz @
W2 0g-Gl=} 03
Buipuodsa oD 3WNoA)aIY
210|d &d .

]

i =

J12}DWOUD N ” _

3 ANSSAdJ Ul SIIPNIS [IpoIN 9 “F14

b e TG e
wo/ byoge

g JID ™~
passaJdwon

SOTISTI310BJIRY)) [EdIURYDIAN

FHIDNIEG - AENISSY
BOIVHIIE20W 38NL 3HL

oot
)
by

s }",

B
=

-

o o AP

oSy

PO YL ¢ "Frg

NS 3ad NHIHISOWLY

24



7.1 Propulsion Period of Motion

The following values may be assigned to the equation of motion (Eq.(7)). The

poc, e p . 2
inside section of the tube is about 15 ecm

R 38 x 981, 000 dynes/cm2
S = 15 cmz
k = 10(the drag coefficient is probably exaggerated in comparison

with the full scale model)

m = Mass of tube = 2000 gm
M = Mass of piston = 4000 gm
p S
o, = 32 x 106 (cm/sec)‘2
k+£ 8
2
+ -
EET LB - viivs % 0
m

Since the mass of the piston is twice that of the tube, the displacement of the

piston will be roughly half that of the tube during propulsion. The total motion

40
of the tube will then be ——353 cm 2~ 26 cm (See Section 2). Therefore,

m

( ok + P S )
exp - —— X
for

X = 26 cm

becomes

o=0e®% b Bad

25



and

2
A% = 3T.5-% 106 (cm/sec)2
dt
&
¥ dt
v = 34 m/sec
The speed limit would be
_ 3
Vitopip = V32 x 10 cm/sec

= 56 m/sec

It can be seen that maximum efficiency is not obtained by the tube length selected

for the model.

7.2 Penetration Period of Motion

The equation of motion (Eq.(14)) was used for the calculations that follow.
Since the penetration medium is sand, we shall assume the frictional resistancer

to be 10 times larger than the value previously taken. Then

i = 3.6 x AN

nzlr = 3.6 x 106 (cm/sec)2
2k
v2- f Ll = 7.9 x 106 (cm/sec)2
0 Zkz

26



B e, S S R I
m
4 = Sl 2 1()‘:1 cm/ser:2

The equation of motion is then

=2
3 4 6
g-;i = 7.8 30567 2% F L6 10%4.8.64 00
For x = 40 cm thickness of sand in the pressure chamber

d € 6 2
—X—) = 7.5 x 10 (cm/sec)
dt
v se SR o 2.7x103 cm/sec

dt

= 27 m/sec

It is obvious that the tube speed is high even after 40 cm of penetration in sand.

7.3 Tests in the Pressure Chamber

About 50 gualitative model tests have been made in the pressure chamber, Of
these, 5 failed because of mechanical troubles, but some 45 good results were

obtained.

For most tests, the release pressure was 35 to 38 kg/cmz. At this pressure,
on each occasion of proper function, the tube penetrated the 40 cm of sand.
On the first few frials, the tube also penetrated the 15 mm pinewood bottom
and the 0.3 mm steel container, This demonstrated the force potential;

however, to eliminate further damage to the system, a thicker piece of wood

27



was placed in the bottom. TFFigures 7 and 8 are photographs of the model and
Fig. T demonstrates the peneiration of the wood bottom and the cores taken

therefrom.

Several iests were made at lower release pressures (10 - 15 kg/cmz), and 90%

of the sand thickness was penetrated at these pressures.

The length of the core was always equal to the penetration distance; this seems
to prove that, for this depth of penetration at least, no compaction effecis occur

in the core,

Quantitative tests were not possible under the present conditions, however, some
measurements are planned for the near future. These should improve our

knowledge of the dynamics of the system.
8. FULL SCALE PROTOTYPE HYDROSTATIC CORER
8.1 Functional Parts (Figure 9)
The prototype corer is composed of three main functional parts:
(1) The Cap
(2) The Tube-Nose Assembly
(3) The Piston Assembly
8.1.1 The Cap is mounted to the upper end of the tube sealing it watertight with
"O" rings. It can move vertically upwards and out of the tube, but it is prevented

from downward movement, or into the tube, by aflange.

8.1.2 The Tube-Nose is an aluminum tube (4 m long with internal and external

diameters 75 and 90 mm respectively) fitted with a hard steel nose to provide for

penetration, The nose ig fitted with "O'" rings to make the lower part of the tube

28
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Fig. 7 The Model Mounted - with a Release Pressure of 38 kgfcm2.
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Fig. 9 Mechanical Parts of the Full Scale Hydrostatic Corer - Drawing
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watertight on the piston. The weight of the assembly 1s approximately 30 kg.

8.1.3 The Piston is a cylindrical body, lhe upper part of which is hollow and
slotted. A mechanical device, consisting of two locking jaws and associated
locking-releasing mechanism, 19 fitted into the hollow core in the upper part of
the piston. When in locked position, the jaws protrude through the slots

in the piston and lock it to the nose section of the iube; when released, the jaws
collapse into the piston leaving it free to move in the tube. Also associated with
the piston 1s a switch system with a mercury battery (shown in Fig.10). When
the corer 1s lowered, the switch case is suspended from the nose of the piston
with a lead weight to make first contact with the bottom . When this occurs,
small CONAX charges 1n the piston explode to set in motion the unlocking action

and fo liberzate the piston from the tube

The apparatus also has a cable tying-up system; each cable has a very definite
role before and after the functioning of the apparatus at the bottom. This is

shown 1n the next section,

8.2 Functional Coring Steps

Figure 10 demonstrates the various steps performed during one complete coring

operation.

Position 1 The apparatus approaches the bottomi, the mercury switch has not yet

made contact

Position 2- The switch makes contact with the bottom; this fires an explosive
CONAX charge, which sets in motion the piston releasing device freeing the

piston from the tube.

Position 3: The liberated piston begins to ascend and the tube begins to accelerate
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downward. The two traction cables are released when the piston begins to move,
as the tube moves downward these cables play out through two guiding rings in

the tube fins,

Position 4; The piston, which has let a small amount of water into the tube (the
absolute watertightness is no longer ensured when the piston moves in the tube),
reaches the end of its course. Since the air in the fube is compressed to a pressure
equal to the external pressure (i.e., internal and external forces are equal), the
movement of the heavy piston separates the lightweight cap from the relatively

heavy tube.
Position 5;: The tube, moving at high speed, begins penetrating the sediments.

Position 6: The tube penetrates the sediments, Its downward motion is stopped
by arresting cables, which are also used to extract the corer with its core. The
cap, piston, and switch are attached in series to a cable and are retrieved with

the corer,
8.3 Illustrations

Figure 11 shows the lower part assembly of the prototype with only two lead
weights mounted. The battery and switch are usually located farther away from

the end of the piston by means of a steel cable,

Figure 12 shows the nose and piston assembly and the two 3 mm holding cables

in position.

Figure 13 shows the upper part of the corer with the 3 cables used for retrieving
the coring tube and piston assembly. Note the two 3 mm holding cables connected

to the recuperation cables.

Figure 14 shows the various- mechanical parts of the piston assembly.
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Figure 15 shows the release system dismantled., The three rollers are

represented in the locking position.

Figure 16 shows the various parts of the explosive chamber .

8.4 Core Catcher

A core catching system will eventually be installed on the nose of the tube;

this will be a waterproof Delauze system with a nylon skirt.

9. CONCLUSIONS

This study has proved that long cores can be obtained with light equipment (150 kg)
at great depths using hydrostatic pressure. The model experiments have shown
that the energy involved makes the system particularly suited for coring sandy

bottoms.

The length of cores obtained in the model experiments were all equal to the

penetration depth of the corer, i.e., 40 cm.

10. REMARKS

The first prototype model has been completed and was tested at sea in January,

(See Annex 1),

By authorization from the SUPREME ALLIED COMMANDER ATLANTIC, a

patent has been filed on the principle of the tube accelerator.
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ANNEX 1

Recent Sea Tests

1. GENERAL

The full scale prototype was tested in shallow water during a cruise in January
1964 to prove the efficiency of the various mechanical parts of the system. Since
very little hydrostatic pressure exists at shallow depth, the penetration into the

sediments was small.

2, MODIFICATION ON THE CABLE ASSEMBLY

To avoid the problem of handling several cables, a few parts were madified in
order to use only one cable for the recuperaiion of the tube and the piston assembly.
Also, to make manoeuvres easier and to avoid the risk of the batiery case hitting
the coring tube, as was possible in the previous arrangement, the battery release
system was suspended outside the corer by means of a small aluminum arm. This

ig shown on Iig, 17,

The main cable (1) goes through a guide (2) fixed on the cap. This guide keeps
the system vertical. Cable (1) is attached in A to cable (3) for recuperation of
the coring tube,

The main cable holds the system before implosion by means of spheres (5). The
aluminum arm (4) holds the battery and switch case (6) 50 em away from the
coring tube.

Cable (3) is connected to the two winglets (7) by means of cable (8).

After implosion the cap-piston system travels up on cable (1) through guide (2),
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it then comes down by 1ts own weight and geis caught in A. The battery arm

remains connected to the recuperating cable (3).

3. SEA TRIALS

Seven tests were performed between depths of 105 and 215 m; four were success-
ful, and three failed due to small mechanical failures. The first failure was due
to the battery case, which sank into the mud and did not tilt the mercury switch,
This was prevented later by adding a large base to the lower articulated part of
the battery case. The other two failures were due to the piston jamming in the
nose, which indicates that too precise fit adjustment between nose and piston
should be avoided. The release mechanism seems to have worked correctly all

the time.

Of the four successful tests, two were made with the piston weighted with 80 kgs
of lead masses. The tube penetrated 3 metres at the first test with this heavy
piston. The implosion was easily heard on the Precision Depth Recorder earphones

every time a heavy piston was used.

The last test performed with a heavy piston, although successful in itself, resulted
in the loss of the tube-nose. Cable (8) caught in the cap-guide shoulder and the
6 mm cable (8) broke at the end of the implosion. The piston, cap,and battery

case were recovered normally,

Figure 18 shows the corer mounted on the deck of the oceanographic ship ARAGO-

NESE. The top part of the corer with guiding system is not shown.

Figure 19 shows the various parts of the corer connected to the wire after implo-
sion at 215 m depth. The guided cap and the arm (4) of the battery case wire are
not seen on the picture. The piston was not weighted and wire (9) was replaced

by a chain. The chain was badly damaged during the implosion, which proves
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that little water enters the tube during the propulsion period.

4, TEST CONCLUSIONS

Although more tests at greater depth are needed to prove the real feasibility

of the corer, the mechanical arrangement of the prototype seems to be good. As
stated before, a catching system will replace cable (9). However, the amount of
water entering the tube during the implosionat great marine depth must be accurately

known.

The piston should be made of a different material than the one used for the nose.

The technological aspects of the tool must be simplified before it becomes

operational.
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ANNEX 2

In the setup of equation of motion for the propulsion phase, Bernouilli's theorem

was applied to Eq. (7).

[t will be noted that the simplified form of Bernouilli's theorem (see Section 3)

ts valid only in the case of steady flow and one can then write

The equation of motion represents a transient phenomenon and to be correct
the generalised Bernouilli's theorem should have been used; that is, if (ds) is

a streamline element

P 2 : 2
/52 1 _1. é..\i ds + X2 + h = B + 1 a_vt ds + Y..I__. 4 h (2 -1)
g g | at 2g g g 2

Let us call A the horizontal cross section of the total stream of water close to

|
the cap of the tube and A, the cross section of the total stream ata distance (s)

from the cap on a vertical axis.

If wy is the vertical speed of water corresponding to section Ay and w2 the ver-

tical speed of water corresponding to section Ay, an equation of continuity can

be written

Ay s BpWy

The quotient _A__l is a function of () and therefore
A2
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Wo :Q{s)“i’ which gives

At . dt g (s}

3w2 dwl
jat ds = /¢ (s) ds

fgﬁ (s) ds has the dimension of a length; then we shall write:

gy oA ) dt

wy is the speed of water in contact with the cap. Transposing this result in

Il

equation (17) with v = 0 and neglecting the variation of static head, one can

write

2
P = pl v! dv
0 PR 2 g -
2 e dt
B ey~ vi2p 1, p v
o] 2 dat

Equation (3) then becomes

d d
B9 (F] -es g

dt2

2 2
AniE L P dx

The final equation of motion would then be

2
[d_) =Bt lhs p( 2% 4P S )
dt k+§S m + LpS
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The term LPS can be of the order of magnitude of m; for instance, for
L = 400 cm (total length of the tube) Lp S becomes for the full scale proto-
type: 1 x 400 x 40 = 16000 gm. However, it ig expected that L. will be much

smaller and then P LS becomes negligible relatively to m.

[n any case as soon as a flow diagram is obtainable, the validity of the hypotk-

made in this report will have to be checked,
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