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To all whom it may concern: 
Be it known that I, GEORG BEHRMANN, a 

subject of the Emperor of Germany, and a 
resident of E" 
certain new and useful Improvements in 
Submarine Boats, of which the following is a 
specification. 
The present invention relates to the type 

of submarine boats in which liquid fuel is 
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carried along in reservoirs which communi 
cate with the outside water for the purpose 
of causing the consumed fuel to be replaced 
by water. - 
The object of the invention is to improve 

this type of submarine boats in such a man 
ner that the draft and equilibrium of the 
boat are entirely independent of how much 
fuel and how much water the fuel-reservoirs 
at any time contain. 

In accordance with the present invention 
the desired object is attained by providing 
the boat with compensating reservoirs which 
are arranged independently of the fuel reser 
voirs and have their combined center of 
gravity approximately coinciding with that 
of the E. At the commence 
ment of the operation the compensating res 
ervoirs are full of liquid and when fueh is 
withdrawn from the fuel-reservoirs the com 
pensating reservoirs are emptied in propor 
tion as the weight of the boat increases. 
The liquid thus withdrawn from the compen 
sating reservoirs is conveyed to a place where 
it has no effect on the weight of the boat. 
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In the accompanying drawings, Figure 1 
shows a vertical longitudinal section through 
one embodiment of the invention; Fig. 2 is a 
section on line 2-2, Fig. 1, looking from 
above; Figs. 3 and 4 are sections on lines 
3-3 and 4-4, Fig. 1, looking from the left; 
Fig. 5 shows another embodiment of the in 
vention in a sectional view corresponding to 
Fig. 2, and Fig.6 shows a third embodiment 

8, WeW Stig to Fig. 2. Reference will first be had to the embodi 
ment shown in Figs. 1 to 4. . . 
The hull A of the boat is surrounded by a 

outer wall B which is spaced a suitable dis 
tance from the hull and which is of a shape 
that insures stability and swiftness of the 
boat both when it floats on the water level 
and when it is submerged. On the top of 
the hull A and in the middle of the boat is arranged a conning tower A which projects 
through the outer wall B. 

ermany, have invented 

When the boat travels while submerged 
the propeller-shaft C may be driven by an 
electromotor D which receives its current 
from a suitable accumulator-battery (not 
shown) and when the boat travels on the 
water level the propeller-shaft is driven by 
an explosion-engine E which has its shaft 
connected to the propeller-shaft by means of 
Y releasable coupling c". 

By means of transverse partitions by the 
space between the walls A and B is divided 
into a plurality of separate 'Rit's 
F and G, which communicate with the outer 
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water through the medium of openings b” . 
located near the lowermost places of the 
compartments. The compartments F serve 
for holding liquid fuel. From the upper 
part of the inner space of each reservoir F 
ead two pipes h" (see especially Fig. 3) 
which pass through the hull Atopipe-eon 
duits II which extend longitudinally of the 
boat and connect with pumps J. The pumps 
may be driven by electromotors and, through the medium of short pipe-conduits 
the Rups are connected with two, fuel-res 
ervoirs from which the fuel required for 
operating the explosion-engine can be 
directlv taken. 
Within the reservoir G and on the outer 

surface of the hull A are arranged reservoirs 
M (see especially Fig. 4) which are adapted 
to contain water. Through the medium of 
a pipe-conduit N the inner space of the res 
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ervoirs M connect with a pump Q which 
may be driven by an electromotor P and 
which communicates with the outside water 
through the medium of a pipe-conduit N'. 
Besides having the openings b” the reservoirs 
G have openings b on their top whereby the 
reservoirs are partly or completely filled with 
water according to how E. the boat is sub 
merged. - 
The hull A, the tower A and the reser 

voirs M have walls of such thickness that 
they are capable of withstanding the pres 
sure of the outside water at the greatest 
depth to which the boat is submerged. The 
outer wall B of the boat is less thick because 
the pressure outside of and within the res ervoirs F and G can be equalized through the 
openings band b. In the drawings the dif 
ference in thickness of the walls is indicated 
by lines of different thickness. The reser 
voirs M are arranged in such a manner that 
their combined center of gravity approxi 

90 

95 

100 

105 

110 



2 

mately coincides with the combined center 
of gravity of the reservoirs F. The relative 
dimensions and working capacity of the 
pumping devices PQ, and KJare preferably 
selected in such a manner that, when the two devices are operated simultaneously, the 
pump Q removes from the reservoirs M an 
amount of water the weight of which is equal 
to the difference in weight between the fuel 
drawn off by the pumps J and the amount of 
outside water entering the fuel reservoirs. 

In the following description of the mode 
of operation it will be assumed that the fuel 
reservoirs F and I are completely filled with 
a liquid fuel, which has a smaller specific 
gravity than sea-water, and that the reser 
voirs M are completely filled with water. To 
operate the explosion-engine E fuel is taken 
from the reservoirs L. When it becomes 
necessary to re-fill the reservoirs L the pump 
ing devices J K are caused to draw fuel from 
the reservoirs F through the pipe-conduits 
h. H to the reservoirs g 
ing withdrawn from the reservoirs F the 

25 pressure of the outside water causes an equal 
volume of outside water to pass through the 
E.g. b° into the reservoirs F. However, the specific gravity of the water being greater 
than that of the fuel the inflow of water 
would result in an undesirable increase in 
the weight of the boat, thereby changing the 
draft of the boat. To prevent this action 
from taking place the pumping devices PQ 
are put in operation simultaneously with the 
SE devices J. K. The pumping devices 
Q. draw from the reservoirs Man amount 

of water corresponding to the increase in 
weight of the boat and forces the water over 
board through the pipe-conduit N. When 
the increase in weight has been entirely gom 
pensated for the filling relations in the res 
ervoirs F and M are, for instance, as indi 
cated diagrammatically in Figs. 3 and 4 in 
which the liquid fuel is indicated by close 
section-lines and the water by wider section 
lines. - 

If the compensating reservoirs M were ar 
ranged at any place on the boat the partial 
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emptying of the compensating reservoirs. 
50 would cause a disturbance of the equilib 

rium of the boat. As afore-stated this is 
avoided by the arrangement of the reser 
voirs M in such a manner that their com 
bined center of gravity coincides with the 
combined center of gravity of the fuel-reser 
voirs F. . 

In order to avoid a disturbance of the equilibrium by the withdrawal of fuel from 
the separate reservoirs F the fuel is drawn 
out simultaneously from all the reservoirs F. 60 
The embodiment shown in Fig. 5 differs 

from the embodiment shown in Figs. 1 to 4 in 
having four compensating reservoirs M in 
stead of only two, the combined center of 

65 gravity of the compensating reservoirs also compensating reservoir 

As the fuel is be-, 
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in this instance approximately coinciding 
with the combined center of gravity of the 
reservoirs F. Furthermore this embodiment 
also differs from the first embodiment in hav 
ing the compensating reservoirs M filled with 
fuel instead of with water. The withdrawal 
of fuel from the reservoirs F and the drawing 
off of the fuel serving as compensating liquid, 
from the reservoirs R is also in this instance 
effected by pumping devices. J K and PQ; 
however there is the difference that the pipe 
conduit N leads to the explosion-engine E. SO 
as to provide for immediate.consumption of 
the fuel drawn off from the reservoirs M. 
The embodiment slown in Fig. 6 differs from the other embodiments in having the 

fuel-reservoirs arranged in two groups F and 
F for each of which two compensating reser 
voirs M and M are provided. The arrange 
ment is selected in such a manner that the 85 
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combined center of grayity of the compensat 
ing reservoirs M and Mapproximately coin 
cides with the combined center of gravity of 
the corresponding group of fuel-reservoirs F. 
and F. The arrangement of the pumping 
devices J K and P () is the same as in the 
other embodiments with the exception that 
the pipe-conduits leading from the pumps J . 
and P to the fuel-reservoirs and compensat 
ing reservoirs are bifurcated to form branch- 95 
conduits H H and N N to correspond to the 
groupwise arrangement of the reservoirs. 
The branch-conduits may be closed by means 
of cockshi h. and nin'. By opening all the 
cocks the operator can draw off fuel and 
compensating water simultaneously from 
both groups of reservoirs and by opening only 
the cocks nor the cocks him he can draw 
off fuel and water from one of the greups 
only. The groupwise withdrawaiofiaei eai 
not cause a disturbance of the draft and 
equilibrium of the boat when the weight 
compensation made necessary by the en 
trance of outside water into the fuel-reser 
voirs is effected by simultaneous withdrawal 
of liquid from the compensating reservoirs 
M and M of the appurtenant group. 
More than two groups of fuel-reservoirs 

and oriting, reservoirs may be pro 
vided. Furthermore the several groups of 
reservoirs may be of different volume if only . 
they comply with the requirements that the 
combined center of gravity of the compensat 
ing reservoirs approximately coincide with 
the combined center of gravity of the fuel 
reservoirs and that the fuel is simultaneously 
withdrawn from all the fuel-reservoirs of one 
group. Finally as many groups of reservoirs 
might be provided as there are fuel-reser 
voirs. In such case each fuel - reservoir 
would have to be provided with at least one 
compensating reservoir having its center of 
gravity approximately coinciding with the 
center of gravity of the fuel-reservoir, the ir preferably being ar- 130 
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ranged within the fuel reservoir. If the 
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thereto to cause the water to enter the reser 
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35 means for withdrawing the liquid from said 

40. 

45 

50 

'reservoirs might be arranged in the interior 

time draws off from the compensating reser 
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available space permits it the compensating 
of the boat instead of on the exterior thereof. 

In order to gain space the two pumping 
devices J K and PQ would preferably be con 
fined into a single pumping device in such a 
manner that one part of the pump in a cer 
tain time conveys a certain amount of fuel 
while the other part of the pump in the same 

voirs as much liquid as is weight-compensation. 
. In the submarine boat according to the 
present invention the compensating reser 
voirs are arranged entirely independently of 
the fuel-reservoirs as contradistinct from a 
known weight-compensating device in which 
the compensating reservoirs at the same 
time serve as dispensing reservoirs for the 
entire supply of fuel carried along on the 
boat. 

Having thus described the invention, what 
is claimed and desired to be secured by Let 
ters Patent is:- 

1. In a submarine boat, a fuel reservoir, 
means the fuel reservoir and the water exterior 

necessary for the 

voir as fuel is being withdrawn therefrom, 
and means for compensating for the increase 
in weight caused by the water entering the 
fuel reservoir, said means comprising a reser 
voir arranged independently of the fuel res 
ervoir, an adapted to contain- a liquid, and 
last-named reservoir as the weight of the 
boat increases. - 

2. In a submarine boat, a plurality of fuel 
reservoirs, means providing communication 
between said reservoirs and the water exte 
rior thereto to cause the water to enter the 
reservoirs as fuel is being withdrawn there 
from, and means for compensating for the in 
crease in weight caused R the water enter 
ing the fuel reservoirs; said means compris 
ing a plurality of reservoirs adapted to con tain liquid and arranged independently of 
said fuel reservoirs, and means for with 
drawing liquid from said last-named reser 

independently of the f 

roviding communication between . 

coinciding with the eombine 
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voirs as the weight of the boat increases; said 
compensating reservoirs having their com 
bined center of gravity approximately coin 
ciding with the combined center of gravity 
of the fuel reservoirs. . 

3. In a submarine boat, a plurality of fuel 
reservoirs arranged in groups, means provid 
ing communication between said reservoirs 
and the water exterior thereto to cause the 
water to enter the reservoirs as fuel is being 
withdrawn therefrom, and means for com 
ensating for the increase in weight caused 
by the water entering the fuel reservoirs, 
said means comprising a reservoir for each group adapted "...ity is and arranged 

le reservoirs, and 
means for withdrawing liquid from said last 
named reservoir as the weight of the boat in 
creases; the compensating reservoir of each 
group having its center of gravity approxi 
mately coinciding with the combined center 
of gravity of the fuel reservoirs of the same 
group. 4.in a submarine boat, a plurality of fuel 
reservoir's arranged in groups, means for si 
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multaneously withdrawing fuel from all the 
reservoirs of the same group, means providing, 
communication between said reservoirs and 
the water exterior thereto to cause the water. 
to enter the reservoirs as fuel is being with 
drawn therefrom, and means for compensat 
ing for the increase in weight caused by the 
water entering the fuel reservoirs, said means 
comprising a reservoir for each group adapt 
ed to contain liquid and arranged independ 
ently of the fuel reservoirs, and means for 
withdrawing liquid from said last-named 
reservoir as the weight of the boat increases; the compensating reservoir of each group 

center of 
gravity of the fuel reservoirs of the same 
group. - The foregoing specification signed at Kiel, 
Germany, this 9th day of March, 1908. 

GEORGBEHRMANN. 
In presence of - 

f JULIUS RöPKE, 
FERDINAND ROHWEDDER. 
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