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I
rconfiguring portions of a ship’s hull for air delivery to said B [ 300
ship’s hull's lower surface
I
(providing at least one air delivery nozzle 3|
4~
| 304
(configuring said open air-interface boundary to ) |
—» be substantially coplanar with an adjacent LN
surface of the marine vessel hull | 322
N\ / |
_’ |
(configuring said open air-interface to receive a Y|| | 324
flow modulating nozzle flap I
I
I
[, providing a longitudinal engagemen} +/326
area |
p— 711 g
—( providing a flow modulating nozzle flap }‘—:-/
coupling the flow modulating nozzle flap to the | 329
longitudinal engagement area |
\ /|
v |
/—(providing said air lubrication nozzle assembly ) |
I
\ 4 |
(providing a stratified flow of water to said open interface ) |
boundary disposed at said lower horizontal plane |
I
providing a pair of transverse tunnel covers at distal l
openings of a submerged transverse tunnel for each l
submerged transverse tunnel at a bow of said ship -4’\310
thereby
\. v

FIG. 18A
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| configuring any remaining transverse tunnels with at least one |
/( open cavity for reduced hydrodynamic drag ] I
318 |

I
— I
providing at least one moveable transverse tunnel
cover 320

'

providing an electronic valve upstream of each gas flow inlet
of each air lubrication nozzle assembly

A\ 4
providing at least one dedicated control module electronically
coupled to each electronic valve and each actuation means

|
|
|
|
|
|
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|
|
|
|
|
|

I

I

I

) |

/( |
338 I
providing an electronic actuation means for each moveable I

transverse tunnel cover I

340 :
I

/( J |
342 :
I

I

I

I

v
(" optimizing at least a portion of each external submerged )
/ surface
350 ~|
I providing a plurality of superaerophilic inducing
| microscopic and nanoscopic structures imprinted [T~k_ 352
| within said external submerged surface, forming a
|
|
|
|
|
I

superaerophilic inducing surface

I
\.
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selecting transverse tunnel cover style

~

.

configuring each transverse tunnel

substantially circular door portion having a continuous
external surface and a shaft portion integrally formed

therewith

cover

as a\

J/

7

\ \.

I =\
configuring each transverse tunnel cover as a plurality
of moveable parallel panels, each pivotable about its

longitudinal axis

D,

v

( selecting transverse tunnel cover air distribution

™\

I
I
I
I
I
I —
I
I
I
I
I

_.(

providing air jets positioned forward of the pair of}

transverse tunnel covers

f

configuring each transverse tunnel cover to have at )

least one moveable panel

L providing an air discharge port positioned at an}|
interior edge of said moveable panel

FIG. 18C
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lowering said flow modulating nozzle flap \ I
| — 334
330 | (

using a flow of gas received from said gas flow inlet to
lower said flow modulating nozzle flap

\ 4

|/

j—(raising said flow modulating nozzle flap 336
332 | terminating a flow of gas received from said gas flow
l inlet !
I I
L - - ___ I
r-r - -"-""--"""""""""""""-"""--""-""="-""-—"="—-""—=— A

(expanding or constricting air flow to each air lubrication nozzle
assembly

modulating the valve in a position in the range of fully
open to fully closed based on feedback of a plurality of /1_ 345
sensors measuring sea state conditions to selectively I

distribute air under the hull of a ship

\4

actuating an opening or closing of each of said moveable
transverse tunnel covers in a position in the range of fully open
to fully closed based on feedback of a plurality of sensors

348 measuring sea state conditions to selectively distribute air
under the hull of a ship.
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|
| v
/I—(recording vessel speed from said at least one speed sensor and said GPS unit )

v

recording air pressure at each air lubrication nozzle from said at least one air
pressure sensor

A\ 4
performing computational fluid dynamic analysis using said recorded sea state
conditions and said recorded vessel speed to determine optimal air distribution
patterns

408

A 4
modulating a gaseous flow from at least one compressor through at least one]

automated valve based on said computational fluid dynamic analysis

410

S

A 4

increasing said gaseous flow to at least one air lubrication nozzle to lower a flow
modulating nozzle flap and increase airflow to a targeted area of said hull based

412 I'| on said optimal air distribution patterns
|
|
| P \ 4 \
| | decreasing said gaseous flow to at least one air lubrication nozzle to raise a flow
modulating nozzle flap and decrease airflow based on said optimal air distribution
414 \patterns )

|

|

| v

| ] )
actuating at least one moveable transverse tunnel cover based on engagement of

/L a bow thruster and said computational fluid dynamic analysis to optimize water
416 l kﬂow patterns around said air lubrication nozzles.




