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To all whom it may concern: 
Be it known that I, GUSTAF DE LAVAL, of 

Stockholm, in the Kingdom of Sweden, have 
invented a new and Improved Methodv and 
Means of Reducing the Friction of Vessels on 
“Tater, of which the. following is a speci?ca 
tion, reference being had to the accompanying 
drawings. - 

My invention relates to the class of ap 
paratus which is employed to lessen the fric 
tion between the exterior surfaces of vessels 
and the water through which they are pro 
pelled by discharging a ?uid at the exterior 
skin or surface of the vessel. For this pur 
pose I employ air; and my invention consists 
in the novel combination, with the walls of a 
vessel, of a series of separate and independent 

. air-compartments arranged one above another, 
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with outlets to the exterior of the vessel for 
the purpose of containing and discharging air 
of different pressures, ‘which are greater in 
proportion 'to the depth of theoutlet-openin gs 
under the surface of the water. . 
The invention also consists in novel details 

in the construction of the aforesaid air-com 
partments and their outlets, ashereinafter par 
ticularly described. 
The resistance caused by friction increases 

with the speed of the vessel, according to for 
mula R720 a 122, where c signi?es the coeffi 
cient of friction, a ‘ the submerged surface, 
and 1) speed of vessel; and the loss of working 
power resulting from this is A:R:,c a a)“. 
In the accompanying drawings, Figure 1 is 

a side view of the bow of a vessel embodying 
my invention. Fig. 2 is a plan thereof; and 
Figs. 3 and 4: are respectively a vertical sec 
tion and a horizontal section corresponding to 
Figs. 1 and 2, ‘but on a much larger scale. 

Similar letters of ‘reference designate corre 
sponding parts in all the ?gures. 

In the bow of the vessel I construct an air 
chamber, R, which I divide by partitions into 
a number of separate and distinct compart 

(No model.) 

ments designated by the letters It 7175-’, &c., 
and arranged one above another. Into the 
several compartments just described I force 
air by means of different force-pumps or other 
~mechanical means, and the pressure of air 
maintained in the several compartments is in 
proportion to their depth below the surface 
of the water. For example, the, lower com 
partment is stored with air of the greatest 
pressure, and the pressure in the several com 
partments decreases in an upward direction, 
the least pressure being in the uppermost com 
partment, k. ‘The outlets'i in the sides of the 
bow are divided by partitions d, which are 
nearly coincident with the partitions separat 
ing the compartments, and each portion of the 
outlet between two of the partitions (2 com 
municates by a passage or duct, 1), with one of 
the compartments, 1:, It’, or It”, of the air-cham 
ber B. By this construction I proportion the 
pressure of air discharged at any part of the 
outlet 11 to the depth of that part of the outlet 
below the surface of the water. 

This improvement is particularly adapted 
for vessels of great depth. 
\Vhat I claim as my invention is—— 
1. The combination, with the walls of a ves 

sel, of a series of separate air~compartments ar 
ranged one above another, with outlets to the 
exterior of the vessel for the purpose of con 
mining and discharging air of different press 
ures, which are greater in proportion to the 
depth of the openings under the water. 

2. The bow of avessel, provided with an air 
chamber, It, having compartments 70 k’ at dif 
ferent elevations, outletsi 1', and dividing-par 
titions d d, and channels '1) between said out 
lets and compartments, substantially as de 
scribed, and as illustrated in the accompany 
ing sheet of drawings. ~ ' 

GUS'I‘AF DE LAVAL. 
\Vitnesses: 

l1‘. ENGEL, 
F. OLAIRMONT. 
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