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To all whom it may concern:

Be it known that we, Gusrav BavEr, 2
citizen of the Republic of Germany, and 2
resident of Hamburg, Germany, and Frrrz

Kramzg, a citizen of the Republic of Ger-

many, and. a resident of Blanlkenese-Docken-
huden, near Hamburg, Germany, have in-
invented certain new and useful Improve-
ments in Apparatus for Preventing scape
of Oil from Submarine Tanks, (for which we
have filed applications in Germany April 6,
Patent No. 335,191, and England July
), Patent No. 147,192,) of which the
following is a specification. .

This invention is a connecting means for
use between two sources of fluid pressure
whereby pressure in one will be automati-
cally maintained below that of the other and
the pressure difference kept within compara-
tively narrow limits, even though there be a
comparatively wide variation of the higher
pressure. : B

The invention may be used for various
purposes, but we have particularly in mind
pressure of the fuel oil

tank of submarines. Such tanks are com-

~monly situated outside of the main hull of

the submarine and the walls are not built to
resist very great pressure differences on op-

posite sides of the walls without the strain

developing leaks. The escape of - 0il either
owing to leaks or in consequence of the di-
rect connection of the tanks with the water

_betrays the position of the boat by floating
“on the surface of the water. -

The present invention is a device. for au-

"tomatically maintaining in the interior. of
less than the -
pressure of the water surrounding the tanks.

the tanks a pressure which is

The said device may for instance comprise

" differential piston interposed: between the

tanks and the water surrounding them, with

" the larger surface under the influence of the

pressure of theoil in the tanksand the gmaller

surface under the influence of the pressure

of the surrounding water. The movement of
‘this piston being thus dependent on the ex-

ternal pressure of the water and the internal
pressure of the oil in the tanks may also
permit. a- compensating liquid. to enter the
tanks to replace the oil withdrawn from
them, or the compensating liquid to be ad-

mitted when oil passes out of them as a re--

sult of léakage, or the compensating liquicl
to be withdrawn as the submarine rises to
the surface and the external pressure de-

creases. 'The compensating liquid may be

the surrounding sea water and may, with-
out detriment, be first utilized to operate the
differential piston itself and then be allowed
to pass into the interior of the tanks, the
piston acting as a valve to control the entry
of this liquid. Any well known kind of re-
versing device may be employed for revers-
ing the piston at its extreme positions.

In order that the said invention may be
clearly understood and readily carried into
effect, one embodiment of the same will now
be described. : ' o

The accompanying -drawing shows dia-.
grammatically in cross section a submarine
provided with a form of the invention. -

A represents the hull of the submarine and
A’ one of the oil tanks. B represents a pipe
leading to the tank A’ through a valve or
cock b, and C represents another pipe lead-
ing to the exterior of the submarine through

avalveor cock c. Between the pipes Band €,

and connected therewith there is a cylinder D
containing a differential piston D’ with its
lower surface of smaller area than its upper
surface. -The pipe B is connected with two
openings b’,.5% in the cylinder D, and the
pipe C is also connected with two openings
¢, ¢* in the said cylinder. ’

“When the submarine 1s on the /sur/fac,e the

piston D’ normally eccupies a position near
the bottom of the cylinder with the end- of
the piston rod bearing against a spring .
Whén the submarine dives the increase in the
pressure of the sea water on the lower sur-
face of the piston causes the latter to rise
until a pressure is produced in the tank A’
in proportion to the difference in the area
of the two surfaces of the piston. If the
volume of the cylinder at any time is not
sufficient to produce the necessary pressure,
the opening 6> will be uncovered by the pis-

ton so as to permit sea water to enter the

tank -from the pipe C, this operation con-
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tinuing until the pressure in the tank is
sufficient to move the piston downwards

sufficiently to close the opening b?. The
piston should only expose the opening .b*

1o such an extent as will keep the reduction

of pressure constant and therefore only un-
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. the piston owing to the pressure of the sea
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covers the lower edgé of this opening. which -

‘with the piston, may be regarded as a con-
trolling valve. = S L

Should it be required to draw oil from the

tank ‘A’ when the submarine is in its sub-

merged condition, the ratio of the sea and.
- tank pressure is maintained as the piston.
- allowsan amount of water to pass into the
tank equal to the amount of oil withdrawn,

When the submarine rises to the suiface,

on the smaller surface thereof; moves down-

‘wards until its rod bears against the spring
‘E. The apparatus therefore keeps up the

reduction of pressure in the tank even-when

‘the ‘submarine rises to the surface until the

volume in the cylinder between the openings
b* and ¢* is used up, but. this does not occur

- within wide diving limits provided that no

appreciable volume of air existsin the tank.

. If the pressure in the interior: of the tank
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“further increases. in ‘proportion to the de-
‘creasing external ‘pressure, the -piston con-
‘tinues to move downwards and, compressing
‘the “spring “E, ‘uncovers " the ‘opening ¢ in

order.to establish communication: between

the sea and the interior of the tank. This
_ can only happen when air has collected in -
- large quantities prior to diving, as other-

30

wise the volume of the cylinder between the
openings b* and ¢? is suflicient for the ex-
pansion of the compressed fluid. - In conse-
quence of the escape of the fluid under pres-
sure the pressure in the tank now falls until
the pressure of the'spring B is sufficient to
overcome the fluid pressure pressing upon.it

and to move the piston back, whereby the

opening ¢* is again‘closed. =~ T
- Instead of the said differential piston any
other device which gives a differential pres-

“sure effect may be employed; such for ex-
~ample as two pairs of enclosed gear wheels

meshing with each other after the manner
of oil pumps; these gear wheels in order to
produce the differential effect, are of differ-

~ ential ‘diameter and are coupled together.
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Tn -2 similar manner, instead of this differ-

~‘ential géar wheel. arrangement; other pump
-~ arrangements which act in the $ame general
way as- regards the differential ~pressure-
~effect, may be employed for the production:

of ‘the reduced pressure ‘in the tanks.

- Having thus described my invention, what
T claim as new and desire to secure by Let-
55 o0 PERALE DY e

ters Patent is=— - 0o T
‘1. Means for use on submarines for pre-

“which are situated outside the submarine and.
are not built to resist pressure, comprising a

device which automatically operates to main-

which is less than the

pressure of the water

surrounding the tanks.
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_ 2. Means for preventing the escape of oil
from the oil tank of a submarine, compris-

1,414,615
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ing a differential pressure device -which is

interposed. between the tanks and the water -

- surrounding thém and.is under the influence

of the pressure in the tanks and the pressure

of the surrounding -water; substantially as

described. TR
3. A submarine having an oil tank and
‘connections between said tank and the out-

-side sea water including a differential piston

70

having its larger surface exposed to the7s

pressure in the tank and its smaller surface
exposed to the pressure of the sea water. =

4. A submarine having an-oil tank and a
differential pressure device which is inter-

‘posed between the tanks and the water sup--

rounding them and is under the influence of

the pressure in the tanks and the pressure of -

80

the surrounding water, substantially as de-

scribed. - , Lo
- b.. Two sources of fluid pressure and a con-
nection between including a differential pis-

85

ton having one surface exposed to the pres- =

sure of one source and the other exposed to

the pressure of the other source, and means

for establishing a by-pass around said piston

90

when the latter is in either of its limiting po-

sitions. . i oL
6. Two sources of fluid pressure and a con-
nection between including a differential pis-

‘ton having one surface exposed to the pres-
‘sure of one source and the other exposed to

95

the pressure of the other source and means

for ‘establishing direct connection bétween
sald sources when the piston is in either of

“its limiting positions.

1. ‘Means for maintaining a pressure dif-

ference within predetermined limits between
_two sources of fluid pressure, including a dif-
ferential pressure device with opposite work-

ing surfaces exposed-to the two fluid: pres-

“sures and means for establishing connections
“between said sotrces when the pressure dif--
ference’increases beyond or falls below said

limits, - >~ , . -
‘8. Means for préventing the escape of oil
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from the oil tank of a submarine, comprising

a cylinder having one end -connected to the

_tank and the other end connected to the sea,
and a differential piston within said cylinder

and separating said ends. -

. 9. Means for preventing the escape of oil
_from the oil tank of a submarine, comprising"
‘& cylinder having one end connected to the
“tank and the other end connected to the sea,

and a differéntial piston within said cylinder

_ : subma . ‘and separating said ends, said cylinder hav-
“venting the escape of oil from the ‘il tanks -

115

120

ing a port-adjacent to the first mentioned end -
and uncovered by the piston to permit open

- communication between the tank and sea
- when the piston is at said end. - S

tain in the interior of the tanks a pressure . 10. Means for preventing the escape of

oil from the oil tank. of a submarine, eom-

prising a cylinder having one end connected

125

to the tank and the other end connected to- -

the sea, and a differential piston within said

130
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cylinder and separating said ends, said ¢yl-

inder having a port adjacent to the second-

mentioned end and uncovered by the piston
to permit open communication between the
tank and sea when the piston is at said end.

11. Means for preventing the escape of oil
from the oil tank of a submarine, comprising
a cylinder having one end connected to the
tank and the other end connected to the sea,
and a differential piston within said cylinder

and separating said ends, said cylinder hav-.

ing ports adjacent to each end thereof and
uncovered to permit free flow through the
cylinder between the tank and sea when the

piston is at either end of its range of move-
ment. :

12. An arrangement for preventing the es-
cape of oil from pervious outboard contain-
ers of submarine boats, comprising means
for maintaining the interior of the container
at a pressure below that of the water which
surrounds the container, for every depth of
Immersion.

Signed at Hamburg, in the county of
Hamburg and State of Hamburg, this 6th
day of August, 1921. '

' ~ Dr. GUSTAV BAUER. -
FRITZ KRAMER.
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