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Description

Field of the Invention

[0001] This invention relates to pressure wave phe-
nomena (acoustic and shock waves) and more specifi-
cally to an assembly for providing attenuation of pres-
sure waves traveling generally at or above the speed of
sound in ambient conditions in order to mitigate unde-
sirable effects of these waves (including fragments and
thermal energy release).

Background of the Invention

[0002] Acoustic and shock waves are traveling pres-
sure fluctuations which cause local compression of the
material through which they move. Acoustic waves
cause disturbances whose gradients, or rates of dis-
placement are small  on the scale of the displacement
itself. Acoustic waves travel at a speed determined by
and characteristic of a given medium; thus, one must
speak of the speed of sound, or acoustic speed in that
medium. An acoustic wave regardless of its frequency
(pitch) or amplitude (loudness), will always travel at the
same speed in a given substance.
[0003] Shock waves are distinguished from acoustic
waves in two key respects. First, shock waves travel
faster than the speed of sound in any medium. Second-
ly, local displacements of atoms or molecules compris-
ing a medium caused by shock waves are much larger
than for acoustic waves. Together, these two factors pro-
duce gradients or rates of their displacement much larg-
er than the local fluctuations themselves.
[0004] Energy is required to produce pressure waves.
This is related to the equation that states that energy
equals force multiplied by the displacement caused by
the force. Once the driving source ceases to produce
pressure disturbances, the waves decay. Attenuation in-
volves acceleration of the natural damping process,
which therefore means removing energy from pressure
waves.
[0005] All matter through which pressure waves travel
naturally attenuates these waves by virtue of their inher-
ent mass. Materials possess different acoustic attenu-
ating properties, strongly affected by density and by the
presence or absence of phase boundaries and structur-
al discontinuities. Porous solid materials, thus, are bet-
ter attenuators of sound waves than perfect crystalline
solids. Gases are inherently poor pressure wave atten-
uators.
[0006] All types of pressure waves can be reflected
and diffracted by liquid and gas media. They can also
be deflected or, more generally, scattered and dispersed
by phase boundaries, such as liquid droplets or solid
particulates suspended in air. These deflections serve
to increase the distance which the wave travels. Scat-
tering and dispersion thus produce more attenuation be-
cause they cause the transmitting pressure waves to

displace more mass by virtue of the longer path. Such
deflections also reduce, or may altogether eliminate the
pressure waves originally traveling in a specific direc-
tion.

Acoustic Wave Attenuation

[0007] Documented efforts to reduce noise (attenuate
acoustic waves) in enclosed spaces extend to the early
nineteenth century. Virtually all acoustic wave attenua-
tion concepts have been based upon layers of solid ma-
terials with significant sound absorbing properties serv-
ing as linings, coatings, or loosely-packed fibrous or
granular fillers between solid layers. These sound-ab-
sorptive layers have been applied to or incorporated
within structural walls, floors, ceilings, and other types
of panels and partitions when acoustic attenuation is re-
quired. Several dozen patents have been granted in the
United States alone which fall into this category.
[0008] In 1910, Mallock introduced the idea of using
aqueous foams for noise suppression, and conducted
experimental evaluation of foams in this role. See Mal-
lock, A., "The damping of sound by frothy liquids", Proc.
Royal Soc. A84; pp. 391-5, 1910. Aqueous foams are
agglomerations of bubbles, with the gas phase within
each bubble completely separated from that in adjacent
bubbles by aqueous liquid film comprising the bubble
walls. During the years following Mallock's research,
aqueous foams became widely used for fire suppres-
sion, in numerous chemical processes, and for mineral
ore separation.
[0009] Not until the 1960's did interest renew in using
aqueous foams for pressure wave attenuation. Re-
search from that time and continuing to the present ex-
tended to their use for suppressing jet engine noise and
acoustic disturbances arising from artillery muzzle blast,
ordnance disposal, and "sonic boom" created by super-
sonic aircraft flight. It was during this time that research-
ers discovered that aqueous foams dramatically atten-
uate impinging shock waves.

Shock Wave Attenuation

[0010] Much more energy is required to produce
shock waves compared to acoustic disturbances, which
makes their attenuation more difficult. Shock waves de-
cay to form acoustic waves when the source of the
shock wave is removed or suppressed.
[0011] When traveling through gases, shock waves
produce increases in pressure (often referred to as
"overpressure") and temperature; they also accelerate
gas molecules and entrained particulates in the direc-
tion of shock wave travel. Shock waves produced by
combustion processes, such as explosions and defla-
grations, release substantial amounts of thermal and ra-
diant energy as well. For all shock waves, the shock
wave speed, overpressure, and temperature increase
they induce in the local medium are mathematically
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linked. Attenuation of shock waves is thus achieved
through directly suppressing one of these three param-
eters; if temperature is reduced, the overpressure and
shock speed are accordingly reduced, for example.
[0012] Mitigation of shock wave parameters has re-
quired different approaches than those used for acous-
tic wave attenuation because of their relatively large im-
pulse and pressure magnitude. Mechanical mitigation
methods can be applied in many situations where bar-
riers or confinement are allowable. When shock waves
are produced by explosions or deflagrations, chemical
means as well can often be used for suppression. None
of the structures or materials described in existing pat-
ents or in technical literature similar to the types of solid
sandwich configurations discussed above for noise sup-
pression can provide significant attenuation of shock
waves.
[0013] Two types of structures or mechanical ar-
rangements have been employed in reducing shock
wave effects: solid barriers (including blast mats) and
mechanical venting. Solid barriers and blast mats have
been used to deflect incident shock waves or remove
energy from incident waves through momentum transfer
(to the high-inertia mats and barriers), and to provide
protection from fragments and thermal effects. Mechan-
ical venting has been employed to keep internal pres-
sure below the level which would cause structural failure
for explosions in confined spaces.
[0014] Solid barriers for shock wave containment or
protection suffer from several shortcomings. Where pro-
tection of large areas from powerful shock effects is nec-
essary, concrete or earthen barriers must be employed.
These structures must be massive and are thus inher-
ently immobile and expensive and time consuming to
erect. They cannot, therefore, be used in the majority of
applications where explosion hazards are present: ma-
rine transport of liquid and liquefied hydrocarbons, pet-
rochemical storage and processing facilities, aboard
warships and munition-carrying vessels, or at hastily es-
tablished munitions transshipment points (which are
common in military operations, for example). They can-
not be used within buildings or otherwise serve as par-
titions in structures.
[0015] Similarly, large numbers of bulky and heavy
blast mats are required for blast overpressure exceed-
ing a 1-meter scaled distance (the equivalent blast wave
intensity of a 1-kilogram TNT detonation at a distance
of 1 meter). When not being used, these mats must be
stored. Aboard ships, space is often critically limited,
thus bulky items which provide no essential or alternate
use cannot be justified. Furthermore, blast mats can at
best provide only limited mitigation of blast effects in
confined spaces and provide little acoustic damping.
Their bulk, weight, and limited utility in confined spaces
rule out their employment aboard aircraft. Blast mats
cannot be easily or quickly moved from storage to loca-
tions where needed for blast wave attenuation due to
their bulk and weight.

[0016] Mechanical venting is widely employed for mit-
igating blast overpressure in containment structures
(grain silos, explosive material handling rooms, etc. )
These vents normally constitute part of the containment
wall. Besides reliability and response time problems,
venting requires facilities to be designed such that over-
pressure release will not endanger personnel or nearby
structures. Venting cannot be employed where hazard-
ous materials may be released. Venting is also unac-
ceptable aboard ships, where openings to the sea and
release of smoke and overpressure within the vessel are
dangerous. Mechanical venting cannot be used for
noise attenuation.
[0017] Chemical agents suppress shock waves by ex-
tinguishing or interrupting the combustion process
which generates them (along with their thermal effects).
Such agents include carbon dioxide and halogenated
carbon compounds ("halons"), which may either be gas-
eous or liquid initially at the time of application, and dry
powders, most of which are salts of ammonium or alkali
metals such as sodium and potassium.
[0018] Gaseous combustion-extinguishing agents
are generally effective in confined spaces. A number of
constraints limit their utility, however. No gaseous agent
is effective in outdoor or well-ventilated areas. Within a
confined space, effectiveness of gaseous agents is rap-
idly lost as these agents quickly escape through leaks
and penetrations (including those caused by projectiles
or weapons fragments which generate the need for gas
agent release). All of the gas and liquid (which become
gaseous in use) chemicals currently available for fire
and explosion suppression have toxic effects upon hu-
mans at the concentrations required to be effective.
[0019] The most effective and least toxic gaseous
agents are halogenated carbon compounds. However,
these substances are quickly and irreversibly broken
down while performing their combustion-inhibiting func-
tion. Furthermore, these agents are being withdrawn
from use by international government agreements due
to their profoundly adverse impacts upon upper-atmos-
pheric ozone.
[0020] Other considerations limit the capabilities of
gas fire-extinguishing agents. They cannot provide sig-
nificant acoustic attenuation in and of themselves. Fur-
thermore, gases cannot provide cooling or quenching of
the area surrounding a fire or explosion due to their in-
herently low heat capacities, which enables hot surfaces
to reignite combustible materials. Gas supplies must be
adequate for extinguishment and be capable of reach-
ing all spaces within a compartment, otherwise they
have no effect. Gaseous explosion suppression sys-
tems are totally dependent upon sensors to initiate re-
lease (within 100 milliseconds), which has proven to be
a problem because of false-alarm activation or failure to
activate, due to the vulnerability of their sensors to dirt
and contaminants. Sensors also require maintenance
to ensure minimum reliability.
[0021] Powdered fire fighting agents (chemical extin-
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guishants) can be effectively used in both confined and
unconfined areas for fire suppression  and by virtue
of their dissociation and combustion interrupting ten-
dency  can suppress some deflagrations which could
produce shock waves. Again, however, they cannot pro-
vide acoustic attenuation or fragment or missile-stop-
ping capability. Furthermore, they require large quanti-
ties of agent (with consequent bulk and weight) to pro-
vide significant extinguishing capability. Flooding a
space with powdered agents is blinding to personnel
present during emergency operations.

Pressure Wave Attenuation Using Aqueous Foams

[0022] Aqueous foams have been proven to be capa-
ble of providing more pressure wave attenuation than
any other medium on a mass basis. As noted above,
initial research into the use of aqueous foams for pres-
sure wave damping was entirely devoted to noise abate-
ment. Subsequent research revealed that  unlike any
material used in acoustic attenuation structures devel-
oped to date  aqueous foams provide shock wave at-
tenuation, regardless of the origin of the shock.
[0023] All applications to date of aqueous foams for
pressure wave attenuation have been in two basic
forms: unconfined deluge or massive foam flooding and
employment of solid confining walls in which aqueous
foam is placed. Massive deluge or high-capacity foam
generation systems have been used for perimeter se-
curity and for flooding of buildings to provide explosion
protection from bombs. Aqueous foam-filled containers
have also been used for safe removal and disposal of
explosives. Variants of the foam-filled container concept
have been developed as noise-attenuation devices ("si-
lencers") for the muzzles of firearms and large naval
guns.
[0024] In spite of their successful application to date,
current methods and systems for using aqueous foams
in pressure attenuating roles are inefficient and unnec-
essarily bulky. Furthermore, such methods and systems
prevent the full capabilities offered by aqueous foams
from being realized because they require that the foam
attenuate the incident shock or acoustic wave without
mechanical augmentation or assistance. Solid walls uti-
lized in current approaches are used only for fluid con-
finement and stopping fragments. Such usage requires
much larger volumes of foam (foam agent and water)
along with larger pumps and foam generating equip-
ment than are necessary to provide a specified level of
pressure wave attenuation.

Comparisons Between Solid and Aqueous Foams

[0025] Acoustic attenuation by both types of materials
are comparable due to the fact that both rely upon scat-
tering and dispersion of sound waves at bubble/cell
walls. Solid foams are more compact, aqueous foams
are more efficient on a mass basis. Major differences

appear in regard to shock wave attenuation, however.
[0026] Solid materials, including solid foams, used as
rigid panels are unable to attenuate shock waves be-
cause of two factors: the large amplitude of the displace-
ments of atoms or molecules during shock wave prop-
agation and the overpressure created in the surrounding
fluid. Shock waves propagating through aqueous foams
create turbulent flow fields, which have been shown to
dissipate substantial amounts of energy, particularly
when reflected waves travel through the turbulent me-
dium See Khosla, A. "A study in shock wave attenua-
tion", Ph.D. thesis, pp. 229-30, U. of Calgary, 1974. Tur-
bulent flow fields cannot be generated within solid ma-
terials.
[0027] The relatively large displacement of the liquid
mass contained within aqueous foam bubbles is resist-
ed by surface tension and viscous forces, removing con-
siderable shock wave energy as well. Again, such dis-
placements cannot occur within solids, even elastomer-
ic foams. Most shock wave energy encountering solid
layers of any kind  including solid foams  is reflect-
ed, which produces overpressures exceeding the inci-
dent level. Furthermore, shock wave overpressures can
knock down solid panels and walls without expending
much energy.
[0028] Significant dissipation of shock wave energy
can be accomplished with solid materials, according to
the present invention as discussed further below, when
the solid materials are used as loosely packed beads,
in which form they are capable of relative displacement
in the nature of a fluid. In such a form, the beads act
similarly to bubbles in an aqueous foam. Specifically,
transmitting shock waves are scattered and dispersed
at the bead surfaces, and the displacement of the bead
mass absorbs substantial energy. Substantially more
shock wave energy can be absorbed when the beads
are made to resist displacement to a limited extend (be-
low the degree where the bead mass would act more as
a rigid panel than a fluid). This can be accomplished by
means of an adhesive surface coating or by a surface
texture which promotes friction or adherence.
[0029] Experimental work has shown that volcanic
foam glass (vermiculite) beads have been able to atten-
uate shock waves originating from small explosives
comparable to the extent achieved by some aqueous
foams. Vermiculite, however, provides less acoustic at-
tenuation than solid organic foam materials such as nat-
ural rubber and polyurethane, which are normally used
in this role. Furthermore, neither vermiculite nor any sol-
id material used to date for acoustic attenuation has
combustion extinguishing properties in and of itself; in-
deed, most organic solid foam materials are serious
contributors to fire and toxic smoke generation.
[0030] Aqueous foams have additional mechanisms
for dissipating shock energy which no solid bead mate-
rial can provide: elastic bubble walls which absorb en-
ergy when they are deformed or ruptured, by uniquely
and dramatically slowing shock waves propagating
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through, and  in the case of stronger shock waves 
by causing these shock waves to separate into two sep-
arate waves, which are then more easily attenuated.
[0031] The references discussed above facilitate un-
derstanding of the present invention, particularly in con-
nection with the function and materials of aqueous
foams.
[0032] US-A-4,964,329 relates to foamable composi-
tions and in particular is concerned with the sound at-
tenuation properties, especially the shock wave attenu-
ation properties of liquid foams generated from such
compositions. It discloses a composition comprising a
mixture of foamable liquid and a particular additive se-
lected to be supported as a dispersion in foam when
generated from said liquid, which dispersion is effective
to enhance the sound attenuation capability of the foam.
[0033] US-A-2,132,642 discloses an acoustical unit
comprising composited sheets provided each with per-
forations adapted to admit incident sound and defining
sound absorbing spaces extending laterally in a direc-
tion approximately parallel to the face of the unit, the
said perforations in one layer of the said sheets being
non-registering with the perforations in adjacent layers
of the sheets and adapted to cause distribution of inci-
dent sound throughout the laterally extending spaces.
[0034] DE-A-2,433,795 discloses filling the interstitial
space or spaces of the hollow wall with a compression
buffer having a minimal elasticity constant. In particular
it discloses partially or completely filling the interstitial
space or spaces with a substance or a mixture in vapor
or liquid phase which is in equilibrium at ambient pres-
sure and temperature. A system of this type is charac-
terized by a very minimal elasticity constant, because a
portion of the vapor phase condenses out when pres-
sure is increased, and vice versa. Condensation and
evaporation occur relatively quickly, so that changes in
acoustic pressure may also be eliminated using the sys-
tem according to the present invention. The liquid phase
may be introduced by means of an absorbent, impreg-
nable carrier material. To increase the system operating
temperature, liquid mixtures are favourable which evap-
orate within the relevant temperature range.
[0035] The present invention is as claimed according
to the features of claim 1.
[0036] The present invention provides an improved
assembly for more effectively attenuating acoustic and/
or shock waves. The present invention provides an as-
sembly for attenuating substantially all types of pressure
waves, existing as either an acoustic or shock wave, in
generally all gaseous environments, particularly in am-
bient atmospheric conditions. More specifically, the in-
vention provides an assembly for substantial suppres-
sion or attenuation of blast effects from either proximate
or remote explosions as one of the more severe exam-
ples of pressure wave or acoustic/shock wave condi-
tions effectively dealt with by the invention.
[0037] The term "acoustic level pressure condition" is
employed herein to include both acoustic waves at the

acoustic speed of a selected medium and/or shock
waves exceeding the acoustic speed of a selected me-
dium. Accordingly, that term is employed as a replace-
ment for either or both conditions of acoustic waves and/
or shock waves.
[0038] As discussed in greater detail elsewhere, the
invention contemplates sonic/shock wave pressure
conditions preferably traveling at or above the acoustic
speed for a given medium. However, it will be apparent
that the invention is also effective for pressure condi-
tions generally approaching acoustic speeds in a given
medium and thus exhibiting pressure characteristics to
be desirably attenuated in the same manner as acous-
tic/shock wave configurations.
[0039] In view of the above summary, the invention
has a number of objects and advantages set forth as
follows:

(a) to provide pressure wave attenuation capabili-
ties in both confined spaces and unconfined areas;
(b) to provide attenuation of all acoustic frequencies
regardless of orientation with respect to the source;
(c) to provide shock wave attenuation in confined
spaces without requiring the space to be completely
filled by aqueous foam or any other agent or medi-
um;
(d) to provide attenuation of shock waves for both
proximate and remote explosions;
(e) to provide a specified level of pressure wave at-
tenuation in less volume and with lower weight than
is possible through any other existing means;
(f) to provide shock wave attenuation in confined
spaces without requiring the confining walls to be
gas-tight (free from leaks or penetrations);
(g) to provide pressure wave attenuation with a me-
chanical configuration which can be quickly stowed
or removed to provide passageway or space when
the system is not in use;
(h) to provide a pressure wave attenuation structure
to which other means of augmenting specific atten-
uating capabilities or to provide additional capabili-
ties can be applied or installed within (such as add-
ing insulation to protect the system from fire or ra-
diation, providing intumescent coatings to provide
additional thermal energy absorption from proxi-
mate explosions, or to include chemical fire-sup-
pressing power or gaseous agents within); and
(i) to provide explosion protection using the same
agent as employed for fire fighting (aqueous foam
fire suppressants).

[0040] The present invention provides an acoustic/
shock wave attenuating assembly formed by a flowable
attenuating medium exhibiting aqueous foam character-
istics and a confinement means for containing and sup-
porting the flowable attenuating medium, the confine-
ment means being porous with respect to the acoustic/
shock wave for allowing the shock wave to penetrate
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the flowable attenuating medium according to the fea-
tures of claim 1. Porosity of the confinement means is
more specifically characterized as macroscopic or mi-
croscopic openings allowing the shock wave to pass
therethrough but, at the same time, absorbing consid-
erable energy from the shock wave and creating turbu-
lent zones or large numbers of miniature shock waves
as energy from the shock wave passes into the flowable
attenuating medium. With such porous material being
preferably arranged on opposite sides of the attenuating
medium, similar energy absorbing conditions occur as
the shock wave penetrates and passes through both
sides of the confinement means. In addition, substantial
energy from the shock wave is absorbed by the flowable
attenuating medium, particularly because of its contain-
ment and restriction by the confinement means.
[0041] Preferably, the flowable attenuating medium is
an aqueous foam known to have substantial energy ab-
sorbing capabilities from the prior art as discussed
above. However, the flowable attenuating medium may
also be formed, for example, from solid particulate ma-
terial preferably having bulk mechanical properties and
flow properties of a fluid, the solid particulates also pref-
erably comprising means for resisting relative displace-
ment of the particulates in order to better simulate char-
acteristics of an aqueous foam. In this regard, the term
"flow properties of a fluid" and more specifically the term
"mechanical properties and flow properties of a fluid" re-
fer to the ability of the attenuating medium to act in the
nature of a liquid mass to resist relative displacement
by surface tension and viscous forces and the ability to
substantially scatter and disperse pressure conditions
transmitting therethrough by virtue of multitudinous
curved surfaces dividing gaseous and solid or liquid or
solid phases, and enabling the generation of turbulent
flow fields by transmitting pressure conditions. More
briefly, these terms may be taken as referring to the abil-
ity to resist applied shear forces in the nature of fluid
viscosity. Finally, the above terms are also intended to
refer to a tendency of the flowable attenuating medium
to assume the shape of the confinement means while
at the same time resisting applied shear forces in the
nature of viscosity.
[0042] Numerous configurations are possible for the
attenuating assembly of the invention. Preferably, the
confinement means provides generally parallel side por-
tions forming a panel in combination with the flowable
attenuating medium supported therebetween for inter-
cepting the acoustic/shock wave. More preferably, both
side portions of the confinement means are porous in
order to achieve maximum attenuation in the manner
summarized above. It is even further contemplated that
a plurality of such panel formations can be arranged with
intervening gaps whereby the acoustic/shock wave may
be effectively caused to successively penetrate the plu-
rality of panel formations and intervening gaps in order
to even more effectively attenuate the acoustic/shock
wave.

[0043] A further possible configuration of the inven-
tion provides for placing the acoustic/shock wave atten-
uating panel combination between a structure and a sur-
rounding liquid medium such as sea water for the pur-
pose of protecting the structure from shock waves or
other pressure wave phenomena arising from underwa-
ter explosions or seismic activity. In this application, an
acoustic/shock wave attenuating assembly of one of the
above mentioned configurations employs a rigid shell
confinement means to isolate the surrounding liquid
from a liquid transmitting medium emplaced between
the confinement means and the acoustic/shock wave at-
tenuating assembly. Preferably the flowable attenuating
medium is an aqueous foam and the transmitting liquid
medium being a homogeneous liquid without macro-
scopic gas bubbles or solid particulates in suspension.
[0044] It is also contemplated that the panel combina-
tion may be shaped to form a generally enclosed cham-
ber. With both side portions of the confinement means
being porous to the acoustic/shock wave, such a con-
figuration is effective to attenuate the acoustic/shock
wave passing in either direction through the panels.
[0045] It is yet another object of an embodiment of the
invention to provide such a flowable attenuating medium
in solid form, the attenuating medium being formed by
solid particulates which may be hollow or otherwise in-
clude a gaseous phase, the particulates preferably be-
ing macroscopic and even more preferably have a di-
mension of at least about one millimeter.
[0046] It is a still further object of an embodiment of
the invention to provide a flowable attenuating medium
for the present invention in the form of an aerogel, a very
light weight material described in greater detail below,
[0047] It is also a further object of an embodiment of
the invention to provide the attenuating medium and re-
lated components for protective applications, particular-
ly in connection with ammunitions or devices of a type
generally referred to as shaped-charge or hollow-
charge devices, as described in greater detail below.
[0048] It is a related object of an embodiment of the
invention to also employ the attenuating medium and
related components of the invention for protecting ex-
plosive charges or devices themselves from interaction
or detonation, this phenomenon being commonly re-
ferred to as "sympathetic detonation", "fratricide", "prop-
agation" or "chain reaction", as also described in greater
detail below.
[0049] It is yet a further object of an embodiment of
the invention to employ the attenuating medium and as-
sociated components of the invention to provide a liner
for containers, either to protect the contents of the con-
tainer from external blasts or to protect the exterior of
the container from blasts within the container. Accord-
ingly, the invention particularly contemplates use in con-
nection with air cargo containers and the like.
[0050] It is also a further object of an embodiment of
the invention to employ a shield of a frangible material
in combination with the attenuating medium for protect-
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ing against weather and the like while still permitting the
desired function of the attenuating medium as also de-
scribed in greater detail below.
[0051] It is another object of an embodiment of the
invention to employ the attenuating medium in combi-
nation with honeycomb, the honeycomb preferably pro-
viding at least part of the support for the attenuating me-
dium.
[0052] Additional objects and advantages of an em-
bodiment of the invention are to provide total reliability
and effectiveness by using no moving or electrical com-
ponents, and by not depending upon materials which
must be without flaws, imperfections, or other defects.
Operation of the invention is possible using materials in
common use for years, and is not dependent upon de-
velopment of materials means of manufacture, or ana-
lytical methods not currently available as defined by the
features of claim 1. Most significantly, the invention pro-
vides substantial attenuation of all types of pressure
waves on the source side as well as the remote side of
the pressure wave attenuating structure. In the case of
proximate explosions, substantial reduction of both
overpressure and thermal effects have been experi-
mentally verified on the blast side as well as the opposite
side of the pressure wave attenuating structure.
[0053] Further objects and advantages of embodi-
ments of the invention will become apparent form a con-
sideration of the drawings and ensuing description.

Brief Description of the Drawings

[0054]

FIGURE 1 is a perspective view of a panel config-
uration for the attenuating assembly of the inven-
tion. The panel assembly is preferably contemplat-
ed for containing an aqueous foam as the flowable
attenuating medium. Accordingly, the assembly of
FIGURE 1 illustrates means for recycling and re-
generating the aqueous foam within the confine-
ment means.
FIGURE 2 is a view taken along section lines II-II of
FIGURE 1 and better illustrates the interaction of
the confinement means with the flowable attenuat-
ing medium.
FIGURE 3 is a view similar to FIGURE 2 and illus-
trates yet another embodiment of an acoustic/shock
wave attenuating assembly according to the
present invention which is placed between a struc-
ture to be protected from shock waves and other
pressure wave phenomena transmitting in a sur-
rounding liquid medium.
FIGURE 4 illustrates a variation of the panel config-
uration wherein the side portions of the confinement
means are articulated or corrugated in order to pro-
vide increased surface area and generate greater
turbulence in the flowable attenuating medium,
thereby producing even more effective attenuation

for the acoustic/shock wave.
FIGURE 5 is a view similar to FIGURE 2 while illus-
trating multiple panel assemblies of similar con-
struction with intervening gaps in order to even
more effectively attenuate the acoustic/shock wave.
FIGURE 6 illustrates yet another embodiment of an
acoustic/shock wave attenuating assembly accord-
ing to the present invention wherein the confine-
ment means and the flowable attenuating medium
contained therein are supported in common from a
suitable structure.
FIGURE 7 is a fragmentary view in section of a flow-
able attenuating medium for the assembly of the
present invention formed from solid particulates.
FIGURE 8 illustrates the arrangement of a plurality
of panel assemblies each generally similar to that
of FIGURE 1 to form a generally enclosed prismatic
chamber.
FIGURE 9 illustrates yet another embodiment of an
acoustic/shock wave attenuating assembly con-
structed according to the present invention wherein
the panel combination of the confinement means
and flowable attenuating medium forms a generally
enclosed chamber. More specifically, the panel
combination illustrated in FIGURE 9 forms a cylin-
drical portion open at both ends.
FIGURE 10 similarly illustrates such a panel com-
bination formed generally as a dome to completely
enclose a chamber therebeneath, with a section re-
moved to show its construction.
FIGURE 11 also similarly illustrates yet another
configuration wherein the panel combination is ar-
ranged with an irregular shape to also form a cham-
ber therebeneath open at one end.
FIGURE 12 is a cross-sectional representation of
an embodiment of the invention including a frangi-
ble element on an exposed surface of the attenuat-
ing medium.
FIGURE 13 a cross-sectional representation of still
another embodiment of the invention illustrating its
use in combination with armor plate or the like par-
ticularly for enhancing the ability of the armor plate
to resist explosive devices such as shaped-charge
devices.
FIGURE 14 is a perspective representation of an-
other embodiment wherein the attenuating medium
is arranged in the cells of a honeycomb structure.

Description of the Preferred Embodiments

[0055] The various drawing figures accordingly illus-
trate a number of embodiments according to the present
invention. Those embodiments are summarized below
followed by a more detailed description of the respective
figures.
[0056] FIGURE 1 is a perspective view of a basic ver-
sion of the pressure wave attenuation device. The de-
vice comprises two mesh or perforated solid screens
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which are parallel or substantially parallel for planar con-
figurations and concentric or substantially concentric for
cylindrical, spherical or other three dimensional forms
which can be generated by revolving a planar curve
about an axis, with a pressure wave- attenuating fluid,
such as aqueous foam or vermiculite beads, emplaced
and filling the space between the mesh or perforated
sheet screens. The screen elements may be flat or cor-
rugated, or a combination thereof. The screen elements
are either held in place by a rigid structural frame or by
otherwise suspending and securing the lower edges of
the screens to prevent their displacement. The minimum
spacing between screens is preferably the least dis-
tance between perforations in perforated sheet screens
or least dimension of mesh openings in mesh screens.
[0057] Additional embodiments of the invention are
shown in FIGURES 2-15. As illustrated, the basic con-
figuration can be modified with the addition of any com-
bination of mesh screen, perforated solid, or solid ma-
terials connecting to the mesh or perforated sheet
screens of the basic version of our invention, or to the
frame members which comprise the edge supporting
members of the screen elements of the FIGURE 1 basic
version, which would then form top, bottom, and side
surfaces as shown in FIGURE 2.
[0058] The invention may include one or more linings,
as shown in FIGURE 2. These linings may be connected
or affixed to any of the mesh or perforated sheet screen
elements, or to the structural members holding the
screens in place, or may be suspended. Said linings
may be in the form of a sealed enclosure or bag em-
placed between the screen elements of the basic ver-
sion of the invention, into which the pressure wave at-
tenuating medium may be introduced.
[0059] Additional mesh or perforated sheet materials
in any number or combination thereof between the
screens comprise outer surfaces of the basic version of
the invention to form interior screen elements in a sand-
wich configuration, thus forming a sandwich arrange-
ment of a plurality of acoustic/shock wave attenuating
assemblies as shown in FIGURE 5. Linings may be em-
placed between one or more of these interior screens
and elements forming the outer surfaces of the inven-
tion. The preferred embodiment of the invention uses
corrugated mesh screens to form the outer surfaces, flat
mesh comprising the interior screen elements, water-
proofed paper lining inside the screen elements and with
aqueous foam filling the sandwich formed by the above
elements.
[0060] The pressure wave attenuating fluid may be
emplaced in the volume formed between an interior
screen element and an outer screen, or between any
two interior screen elements where a plurality of interior
screen elements is employed, or in any combination of
such spaces. This fluid may be aqueous foam, a gas
emulsion, (wherein a gas is entrained and dispersed
through a liquid matrix in the form of bubbles, with the
gas bubble diameters generally commensurate with the

thickness of the liquid bubble walls), a gel (preferably
with entrained gas), or granular or other solid particu-
lates having necessary flow characteristics. Gas may be
emplaced and confined by an enclosing element in one
or more of the gaps between each sandwich assembly,
with the gas pressure being equal to, greater than, or
less than atmospheric or ambient pressure. Vacuum
conditions may be generated in one or more of the gaps
between each sandwich assembly.
[0061] The embodiments of the various figures are
described in greater detail below.
[0062] Referring initially to FIGURE 1, an acoustic/
shock wave attenuating assembly is generally indicated
at 10. Confinement means for the assembly comprises
a screen or grid 12 arranged on four sides of the assem-
bly to provide an enclosure for the flowable attenuating
medium 14.
[0063] As illustrated in FIGURE 1, the bottom of the
assembly 10 is formed by a tray 16 while the top of the
assembly is formed or enclosed by a plate 18. The tray
16 and plate 18 function in combination with the screen
12 to completely enclose the flowable attenuating me-
dium 14 within the assembly 10.
[0064] The flowable attenuating medium 14 in the as-
sembly of FIGURE 1 is preferably contemplated as an
aqueous foam of the type noted above. Since such
aqueous foams are subject to deterioration wherein the
foam degenerates into a gaseous phase and a liquid
phase, the assembly 10 is adapted for recycling and re-
generating the aqueous foam in order to assure that it
fills the space within the assembly 10. The tray 16
serves to receive and collect the liquid phase from such
deteriorated foam. The liquid is recycled through a line
20 by a pump 22 to a manifold 24 having multiple con-
nections 26 through the upper plate 18 for returning re-
generated foam to the assembly 10. Preferably, a
source of gas 28 is provided for regenerating the foam
within the manifold 24 so that it can flow downwardly
into the assembly 10.
[0065] When aqueous foams are used as the flowable
attenuating medium 14, they may be generated from
any foamable agents, preferably those which are nor-
mally used in fire suppression. Such agents include hy-
drolyzed protein liquids, proteinaceous liquids with fluor-
opolymeric additives, along with a large number of syn-
thetic surfactant and stabilizing chemical combinations.
The foaming gas for use in the gas source 28 may be
of a similarly wide range so long as the gas is not chem-
ically reactive in a destructive manner to the stabilizing
components in the bubble wall liquids. Foaming gases
would preferably include inert elements such as argon
or fire extinguishing compounds such as carbon dioxide,
sulfur hexafluoride, or halogenated carbon agents
(halons). Compressed air is also an acceptable foaming
gas.
[0066] Referring now to FIGURE 2, the screen 12
forming the confinement means for the flowable atten-
uating medium may not be sufficient for maintaining an
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aqueous foam within the assembly 10. Accordingly,
FIGURE 2 illustrates a preferred embodiment wherein
a liner 30 is arranged inside the screen 12. The screen
12 formed from metal, plastic or the like thus remain very
porous to the acoustic/shock wave. At the same time,
the liner 30 serves to maintain the aqueous foam within
the interior 32 of the assembly 10. At the same time, the
liner 30 is also porous to the acoustic/shock wave as
defined above. Preferably, the liner 30 is formed from
paper or film which is resistant to wetting by the aqueous
foam. At the same time, the liner 30 tends to be readily
ruptured by the shock wave so that it does not interfere
with penetration of the shock wave into the attenuating
medium 14 and thereby reduces the reflected overpres-
sure that inevitably develops when shock waves im-
pinge upon a solid surface. The liner 30 thus serves to
even further attenuate the acoustic/shock wave in com-
bination with the screen 12 and the flowable attenuating
medium 14.
[0067] Referring now to FIGURE 3, another embodi-
ment of an acoustic/shock wave attenuating assembly
is generally indicated at 10', and is placed in such an
arrangement whereby the structure 34 is situated on the
side of the assembly 10' opposite the liquid surrounding
medium 36. A solid, non-porous membrane or rigid shell
37 provides confinement and isolation from the sur-
rounding liquid medium 36 for an acoustic/shock wave
transmitting liquid 38.
[0068] FIGURE 4 illustrates yet another embodiment
of the invention 10' which is substantially similar to that
illustrated in FIGURES 1 and 2. However, the screen 12'
in FIGURE 4 is corrugated or articulated or otherwise
configured to have a substantially increased surface ar-
ea in order to more effectively attenuate the acoustic/
shock wave. Additionally, the corrugations or articula-
tions serve to greatly increase turbulence and formation
of miniature shock waves, and thereby specifically and
even more effectively attenuating shock waves.
[0069] Referring now to FIGURE 5, another embodi-
ment of an acoustic/shock wave attenuating assembly
is generally indicated at 10' and comprises panels 10A,
10B and 10C similar to the overall panel assembly of
FIGURES 1 and 2. The panels 10A, 10B, and 10C as
illustrated in FIGURE 3 are spaced apart to form inter-
vening gaps indicated at 40. Thus, an acoustic/shock
wave approaching the assembly of 10' of FIGURE 5 lat-
erally would be caused to sequentially penetrate the
panels 10A, 10B and 10C as well as the intervening
gaps in order to even more effectively attenuate the
acoustic/shock wave. Otherwise, the various compo-
nents for the multiple panels in the embodiment of FIG-
URE 5 are indicated by similar primed numerals in FIG-
URES 1 and 2.
[0070] Referring now to FIGURE 6, yet another em-
bodiment of an acoustic/shock wave attenuating as-
sembly is generally indicated at 50 and also includes
components generally similar to those described in FIG-
URES 1 and 2. Accordingly, corresponding components

in FIGURE 6 are indicated by similar primed numerals.
Generally, the screen or confinement means 12' in FIG-
URE 6 is in the configuration of one or more bags for
containing the flowable attenuating medium 14'. At the
same time, the bags or confinement means 12' is sus-
pended from a fabricated structure 52. The fabricated
structure 52 thus tends to provide a panel configuration
for the assembly even with the confinement means or
bags 12' being very flexible by themselves.
[0071] Referring now to FIGURE 7, another embodi-
ment or variation of the flowable attenuating medium 14'
is illustrated. The flowable attenuating medium 14' of
FIGURE 7 is formed from solid particulates 62 prefera-
bly having both mechanical properties and flow proper-
ties of a fluid. Also preferably, the solid particulates in-
clude means for resisting relative displacement of the
particulates in order to better simulate characteristics of
an aqueous foam. For such a purpose, the particulates
62 may be provided with a coating 64 to resist relative
motion between the particulates while permitting flow in
accordance with the present invention. For example, the
coating 64 may be a light adhesive or may even com-
prise Velcro type hook and loop fasteners for resisting
relative movement between the particulates. It is noted
that VELCRO is a trademark for such a hook and loop
type fastener.
[0072] Solid particulates 62 may be of any shape, in-
cluding spherical and irregular forms. The largest diam-
eters or largest cross sectional dimensions of particu-
lates used in this invention should be generally less than
half the distance between the generally parallel screens
12. The solid particulates 62 should generally be mac-
roscopic. These particulates may be hollow with solid
surfaces, solid shells with internal cavities containing liq-
uid phases, or may be comprised entirely of solid mate-
rials. The solid material may be a solid foam, such as a
polyurethane or elastomeric compound, or otherwise be
a sponge, whereby the gas and solid phases are both
continuous, which thus distinguishes sponges from
foams, wherein the gas phase is entirely enclosed within
a liquid or solid continuous phase. Alternatively, the solid
particulates may be comprised of entrapped gas phas-
es, for example, in the nature of volcanic foam glasses,
perlite, pumice or the like.
[0073] Any of the solid particulates of the invention
may be flexible or elastic, or conversely may be rigid in
their mechanical properties.
[0074] Referring now to FIGURE 8, multiple panels
10D, 10E, 10F and 10G are formed in generally the
same manner as the assembly 10 of FIGURE 1. How-
ever, the panel assemblies 10D-10G are suspended or
otherwise supported to enclose and define a chamber
90 which may also be used for a number of applications
as described below.
[0075] With any of the embodiments of FIGURES 1-8,
either the confinement means comprising the screen 12
and liner 30 and/or the flowable attenuating medium 14
itself may be formed from materials absorbing substan-
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tial additional energy from the acoustic/shock wave. For
example, intumescent and ablative materials may be
employed either as coatings, treatments for the lining
30, or as comprising materials of solid particulates 62
or coatings for these particulates 64. Alternatively, other
materials which absorb thermal energy through an en-
dothermic chemical reaction may be used as linings 30
or as treatments for these linings, or otherwise or in ad-
dition to coatings of the screen 12 and solid particulates
62 where these are employed.
[0076] FIGURES 9, 10 and 11 illustrate similar panel
configurations, preferably multiple panels with interven-
ing gaps, formed as generally rigid structures with en-
closed shapes to substantially form a chamber therebe-
neath. These structures of FIGURES 9-11 may be em-
ployed in a number of applications as described in great-
er detail below.
[0077] Referring initially to FIGURE 9, multiple panels
10A', 10B', and 10C' are commonly formed as a portion
of a cylinder to define the chamber 70 therebeneath.
The chamber is at the ends as illustrated.
[0078] FIGURE 10 illustrates yet another arrange-
ment of multiple panels, 10A', 10B' and 10C' configured
as a dome configured as a dome forming a chamber 80
which is completely enclosed therebeneath. FIGURE 10
provides a fragmentary section of the multiple panel as-
semblies 10A', 10B' and 10C' comprising the dome
chamber 80.
[0079] FIGURE 11 illustrates a relatively irregular
configuration for similar panels 10A', 10B' and 10C' to
form a chamber 90 which is substantially enclosed ther-
ebeneath while being open at one end. Here again, such
a configuration may be used to advantage in particular
applications.
[0080] The invention may operate as a partition, lin-
ing, container, barrier or barricade, wall element, or
structure standing independent of any exterior need of
support or attachment. The invention may operate as
an acoustic or shock wave barrier, simultaneously be
employed for attenuation of all types of pressure waves,
or for protection exterior to the invention or on either side
of the invention when employed as a partition or wall
structure. The invention may also operate as an acous-
tic wave absorber for protection of spaces either formed
by the invention or in which partitions or lining elements
of which variants of the invention comprise a part are
situated. The invention may serve a secondary purpose
as reservoir of fire fighting aqueous foam agents.
[0081] The basic version of the invention becomes
operable when the pressure wave attenuating fluid is
emplaced between two adjacent screen elements.
Pressure waves impinging on the invention from any an-
gle are reflected when they encounter screen and solid
elements of the invention, and are admitted into the flow-
able attenuating medium when the incident waves en-
counter the porous openings. Pressure waves transmit-
ting through the outer screen element are substantially
slowed and scattered as they travel through the flowable

attenuating medium, particularly where this medium is
an aqueous foam.
[0082] Portions of the transmitting waves are reflect-
ed upon encountering the second, or rear, screen of the
acoustic/shock wave attenuating assembly and the gas
(or vacuum, as may be employed)/fluid interface, and
remaining portions of transmitting pressure waves are
dispersed as they encounter the interface between the
pressure wave attenuating fluid and contiguous gas or
solid. A substantial fraction of the initially incident pres-
sure wave will thus undergo multiple reflections within
the fluid confined between screen elements, in essence,
substantial portions of the incident pressure wave are
trapped within the screen/fluid sandwich. With a plurality
of screen/fluid sandwich layers, this effect will be mag-
nified.
[0083] When aqueous foams are used, substantial
energy is removed from the incident pressure wave by
scattering at the multitudinous interfaces presented by
bubble wall liquids and the gas entrapped which com-
prise the basic units of aqueous foam structures, and
through the displacement of the liquid in the aqueous
foam. A similar effect is obtained when solid bead ma-
terials are employed -- particularly solids with entrained
gas, such as vermiculite and organic solid foams. For
the particular case of aqueous foams, substantial ener-
gy is also removed from pressure waves reflected back
into the attenuating fluid from screen components due
to turbulent flow fields established by passage of the in-
itial pressure wave. This is impossible for solid foam ma-
terials.
[0084] Additional energy and thus attenuation of
transmitting pressure waves is accomplished by cancel-
lation as scattered, slowed and reflected waves become
coincident. A further contributor toward energy removal
by the invention is that propagation paths of pressure
waves through the foam are substantially lengthened by
their scattering and dispersion.
[0085] Incident shock waves are attenuated by addi-
tional phenomena generated by the invention. Shock
and blast waves consist of an initial overpressure, or
positive pressure phase (in excess of the ambient initial
pressure) followed by a negative, or rarefaction, phase.
The rarefaction phase is typically longer in duration un-
less the shock wave undergoes reflections. Because
shock waves transmitting through aqueous foams are
substantially slowed and thereby further expanding the
rarefaction wave duration relative to the overpressure
portion, and at different values due to random dispersion
within the foam, destructive interference by coincidence
of positive and negative pressure waves is substantially
increased with respect to unconfined aqueous foams or
foams in simple containers.
[0086] Another substantial factor related to destruc-
tive interference between pressure wave components
is that weaker (slower) shock waves have been shown
to separate into two components when transmitting
through aqueous foams. The precursor wave is lower in
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amplitude but propagates at a higher velocity. The main
wave follows, it is larger in magnitude but tends to lose
velocity with respect to the precursor wave during pas-
sage through aqueous foam. The present invention
uniquely utilizes this phenomenon in two ways, by slow-
ing strong shock wave propagation until the wave sep-
arates into precursor and main wave components, then
causing reflecting of the two components in such a man-
ner as to promote destructive interference or cancella-
tion.
[0087] Additionally, shock waves displace bubbles
and accelerate liquids in bubble walls of the aqueous
foam, causing the bubbles to shrink and many to col-
lapse. This displacement of the liquid, the breaking of
bubble walls against the cohesive force of their surface
tension, and the acceleration of liquid droplets formed
from shattered bubble walls all serve to absorb substan-
tial energy from the transmitting shock wave. Substan-
tial parts of the transmitting shock wave are reflected
back into the aqueous foam at the interface between the
foam and contiguous gas or solid, a process which is
repeated numerous times by part of the original incident
pressure wave, in essence trapping part of the original
incident pressure wave.
[0088] Yet another substantial contributor to energy
removal from the incident shock wave, thus attenuating
such waves, is that the incident wave creates choked
flow conditions within the mesh or perforated sheet
openings, which serves to reflect a portion of the inci-
dent shock wave. In this manner, only a fraction of the
energy carried by the incident shock wave is allowed to
pass through the first screen encountered. Where the
transmitted shock encounters another screen, another
fraction of this shock wave is reflected back. When the
reflected wave must travel through aqueous foam dis-
persion and attenuation of the wave is greatly increased
through the phenomena described in the preceding par-
agraph. Turbulent flow fields are also established in the
vicinity of screen elements by shock wave passage
through screen openings, which significantly contribute
to scattering of pressure waves within the foam and by
transmitting pressure waves beyond.
[0089] Employment of an intervening evacuated
space, a space filled by gas, or a space filled with solid
particulates in which a vacuum or gas is present be-
tween spaces filled with aqueous foam or other flowable
attenuating media will greatly increase pressure wave
attenuation. Evacuated or vacuum spaces will not trans-
mit pressure waves. Incident pressure waves will reflect
at the solid surface which confines the vacuum or gas
unless sufficiently intense as to rupture the confining
surface. Upon rupture of the confining surface, the pres-
sure wave would be transmitted by the flowable attenu-
ating medium accelerated through the rupture, and the
ambient gas able to leak into the formerly evacuated
space. However, only a small portion of the incident
pressure wave could be conveyed in this manner due
to the small mass and irregular structure of accelerated,

unconfined flowable attenuating medium. Further re-
flection and scattering of the transmitted pressure wave
occurs upon encountering successive screens, linings,
and foam interfaces.
[0090] Employment of corrugated screens in any lo-
cation of the invention provides additional scattering and
turbulence, which therefore further increases attenua-
tion. Pressure waves impinging on the flowable attenu-
ating medium from a gaseous medium arrive at the cor-
rugated interface at differing times and at different an-
gles. Scattering and dispersion of the transmitting pres-
sure waves is thus enhanced. Furthermore, the path
through the flowable attenuating medium is thus greater
for a fraction of the transmitting pressure wave from the
instant of first encounter with the foam. Since aqueous
foam is known to substantially reduce the propagation
velocity of pressure waves, further dispersion and de-
structive interference of transmitting wave components
is accomplished when they are.
[0091] Linings serve to provide confinement for aque-
ous foams, and for solid particulate materials when
these are employed. Some reflection of incident pres-
sure waves will occur upon impingement, and such lin-
ings may provide additional acoustic barrier capabilities.
Where the invention is employed primarily for blast and
shock wave attenuation, linings and any other materials
used to confine gases or maintain vacuum conditions
must rupture or otherwise provide openings upon the
impingement of shock waves at a pressure substantially
below that of the impinging shock wave in order to avoid
substantial pressure rise as is inevitably created by solid
obstructions in these situations.
[0092] Coatings or chemical additions which serve to
absorb thermal and radiant energy may be used on any
element or combination of elements comprising the in-
vention. Such chemicals reduce the energy of incident
blast waves due to the mathematical linkage between
blast wave temperature, overpressure, and propagation
velocity, which serves to enhance attenuation of the in-
cident blast wave. The invention operates with or with-
out the presence of an increase in temperature, howev-
er, so that thermal energy absorbing materials only
serve to enhance capabilities in certain applications.
[0093] Accordingly, the pressure wave attenuating
device can be used for any type of pressure wave trans-
mitted in a gaseous medium. The invention requires no
electric power source or sensor to operate since aque-
ous foam generation and filling can be accomplished us-
ing only a compressed gas source with which to create
and mechanically place the foam within the desired
space or spaces. There are no electronic or mechani-
cally sensing components which can prevent the inven-
tion from functioning. An additional advantage of the
pressure wave attenuating device is that other energy
absorbing or protective features may be added to en-
hance its attenuating capabilities or to provide additional
capabilities, such as stopping fragments from explo-
sions. Typical applications would enable the same
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aqueous foam agents and generating equipment as are
commonly used in fighting fires to be employed in the
invention.
[0094] Attenuation of acoustic waves is accomplished
without regard to intensity, directionality, or frequency.
This device operates regardless of orientation with re-
spect to impinging pressure waves or, where present,
confining walls defining an enclosure in which the inven-
tion is placed. Because of the light weight of aqueous
foams and the structural elements required by the at-
tenuating assembly described above, this invention is
easily made portable in sizes useful for noise suppres-
sion around aircraft with jet or gas turbine engines.
When protected from heat and sunlight, aqueous foams
are stable for prolonged periods enabling the pressure
wave attenuating device to be employed as acoustic
walls in anechoic chambers or other applications requir-
ing acoustic wave damping in enclosures.
[0095] Simultaneous attenuation of all types of pres-
sure waves affords the invention the capability to serve
as means to dispose of explosives and ordnance near
structures or inhabited areas. By mitigating blast energy,
noise and shock waves are attenuated. Bomb frag-
ments are stopped by a combination of reducing propel-
ling energy and by multiple layers of high strength
screen materials. These same capabilities enable this
device to be employed to provide protection of artillery
crews exposed to enemy artillery and air dropped mu-
nitions from both blast effect and from the noise pro-
duced by their own guns.
[0096] The ability of the pressure wave attenuating
device to operate in a variety of configurations enables
it to be employed to provide blast protection on board
aircraft which may carry explosive devices meant to de-
stroy the aircraft, and for protecting personnel sent to
remove or disarm such devices when discovered. The
invention can be configured to operate in curved spaces
such as missile launchers used aboard warships,
around machinery in hazardous environments such as
in petrochemical refining and production facilities, or as
protective barriers around rescue equipment. Our pres-
sure wave attenuating device is unique in its ability to
operate effectively in unconfined environments. Fur-
thermore, our invention operates effectively without a
requirement to be located close to the source of the
pressure wave, or without a specific orientation thereto.
[0097] Furthermore, the variety of configurations al-
lowed by this invention enable the acoustic/shock atten-
uating assembly to be employed for protecting ships and
offshore structures from shock effects arising from un-
derwater explosions when aqueous foams are em-
ployed as the flowable attenuating medium. The inven-
tion can similarly be used for protecting offshore and
coastal structures from seismic shock effects as well as
aquatic life from any type of shock waves in water. This
can be accomplished by using a lining which confines a
fluid which serves to transmit the pressure wave be-
tween the outer screen and a lining which confines

aqueous foam in the manner of sonar type acoustical
detection devices wherein a membrane is filled with wa-
ter or other fluid to conduct acoustic waves.
[0098] The invention preferably employs aqueous
foam agents which have neither toxic qualities nor pro-
duce toxic compounds as a result of operation. It is light
in weight and may easily be stowed in most of its con-
figurations when not needed or when being transported.
When used in confined spaces, the invention occupies
a small fraction of the enclosed volume and does not
involve flooding. The acoustic/shock wave attenuating
assembly enables personnel to occupy and work in that
space, which only explosion vents allow among all pos-
sible blast pressure mitigating means in current use. Un-
like explosion vents however, the invention uniquely is
usable in situations which proscribe opening confined
spaces to adjoining spaces. This is critical aboard ships,
which cannot be opened to the sea, and within any struc-
ture where smoke and combustion products must be
confined to avoid harm to trapped individuals and to fa-
cilitate emergency crew operation.
[0099] In addition to the use of solid and liquid atten-
uating mediums as described elsewhere, the invention
further contemplates that substantially all embodiments
of the invention are adapted for use with a class of very
light weight materials generally referred to as "aero-
gels". These materials are similar in structure, at least
in certain aspects, to the filamentary materials de-
scribed in one of the preceding embodiments of the in-
vention. However, the aerogels differ in their formation
by the inclusion of multitudinous small cavities filled with
a gaseous phase. Such aerogels can be manufactured
with extremely low densities, almost down to that of at-
mospheric air at sea level, and have long been know to
those skilled in the art of low density structures, etc.
[0100] Rather than describing such aerogels in great-
er detail herein, it is noted that the structure and typical
compositions of such aerogels are described in a
number of references, particularly an article by Jochen
Fricke, entitled "Aerogels", Scientific American, Vol.
258, No. 5, May 1988, pp. 92-97. This reference is in-
corporated herein as though set forth in its entirety.
[0101] It is to be understood that such aerogels, be-
cause of their extremely low density, are desirable for
forming variations of substantially any of the embodi-
ments of the invention where minimum weight is impor-
tant. It is further noted that a flowable attenuating medi-
um formed from aerogels may use generally the same
support structures disclosed for the attenuating medium
in different embodiments of the invention. Accordingly,
the attenuating medium described in substantially all of
the embodiments of the present invention may be re-
placed partially or entirely by such aerogel materials.
[0102] A further embodiment of the invention is de-
scribed immediately below with reference to FIGURE 12
which illustrates the use of an attenuating medium in
combination with a frangible element or covering.
[0103] Referring to FIGURE 12, an attenuating as-
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sembly generally similar to that indicated at 10 and 10'
elsewhere, is indicated at 130. The assembly 130 in-
cludes a confinement means or support medium 12' in
combination with a flowable attenuating medium 14'.
The attenuating medium may be any of the forms de-
scribed elsewhere herein.
[0104] A frangible element 132 is provided as a pro-
tective covering for the assembly 130 and particularly
for the attenuating medium 14'. The frangible element
132 is arranged on the blast side or exposed side 136
of the assembly and opposite the protected side 138 of
the assembly.
[0105] A stiffener 134 is preferably associated with
the frangible element 132 if necessary or desired for fur-
ther support.
[0106] This embodiment with the frangible element
enables the attenuating assembly to withstand severe
outdoor weather environments and to otherwise isolate
the environment on one side of the attenuating assem-
bly from the other.
[0107] The frangible element 132 is preferably formed
as a part of the assembly 130 in order to prevent gas
movement or diffusion through or across the assembly
130.
[0108] Frangible materials suitable for forming the el-
ement 132 are well known to those skilled in the art and
may be formed, for example, from scored metal, com-
posites of plastics and glass, plastics, glasses and other
polymeric materials. Alternatively, they may also be
formed from agglomerations of organic and/or inorganic
materials held together by binders and pressed or mold-
ed into any desired shape.
[0109] The frangible element 132 is preferably de-
signed to withstand wind loads or other common envi-
ronmental conditions. At the same time, the frangible el-
ement 132 is adapted for shattering into small pieces
when impinged upon by acoustic level pressure condi-
tions including acoustic waves and/or shock waves as
discussed elsewhere herein. Accordingly, when such
pressure conditions arise, the shattering of the frangible
element 132 immediately exposes the attenuating me-
dium 14' to accomplish its function as described herein.
[0110] Still another embodiment of the invention con-
templates its use for protecting structures and/or people
from the harmful effects of explosive devices including
ammunitions, bombs and other types of explosive de-
vices. A particular type of ammunition against which the
present invention can provide protection is generally re-
ferred to as either a shaped-charge or hollow-charge de-
vice. By a combination of substantially reducing the ve-
locity of the shock wave created by the detonation of the
explosive component and which forms the penetrating
slug, dispersing and scattering elements of the shock
wave so as to disrupt the uniform shape of the shock
front, suppressing the evolution of blast gases by the
explosive charge which provides the motive force for the
penetrating slug, and by causing entrainment of low
mass components, with the possible inclusion of vola-

tilizing components into the penetrating slug, the pene-
trating ability of the slug formed by the shaped-charge
munition or device is greatly reduced.
[0111] Such shaped-charge devices and their use are
well known to those skilled in the art and a detailed de-
scription of such devices is not believed necessary with-
in the scope of the present invention. It is noted that such
shaped-charges and their functions are described by a
large number of references, such as the publication
Fundamentals of Shaped-Charges by William P. Wal-
ters, published 1989 by John Wiley & Sons, Inc. (see
pp. 13-14, et al.). This reference is also incorporated
herein as though set forth in its entirety.
[0112] The use of the present invention in such appli-
cations is illustrated in FIGURE 17. Referring to FIG-
URE 13, an attenuating assembly is generally indicated
at 140 including a confinement means or support medi-
um 12' in combination with a flowable attenuating me-
dium 14' as described elsewhere herein.
[0113] In the embodiment of FIGURE 13, the attenu-
ating assembly 140 is arranged upon an otherwise ex-
posed surface 142 of typical armor plate generally indi-
cated at 144.
[0114] The attenuating assembly 140 preferably and
optionally includes an actuating element or support sur-
face 146 arranged either within or opposite the attenu-
ating medium 14' from the exposed surface 142 of the
armor plate.
[0115] When used to protect against the penetration
and subsequent harmful effects from shaped-charge
munitions, the assembly 140 can be used as an exterior
armor or barrier element for a wide variety of implements
or structures (not shown) including armor plate such as
that indicated at 144 in FIGURE 13. The incorporation
of combustion-extinguishing agents, particularly those
with rapid reaction times, greatly interferes with the for-
mation of an effective penetrating slug, as shaped-
charge munitions are intended to produce, and further
reduces the damage possible behind the armor or bar-
rier should it be pierced, particularly due to hot spall and
blast gases under pressure.
[0116] These mitigating events are produced by re-
ducing the velocity of the shock wave which forms the
penetrating slug, dispersing and scattering elements of
the shock wave so as to disrupt the uniform shape of
the shock wave front, to suppress to a substantial de-
gree the evolution of blast gases which constitute the
motive force of the slug, and the subsequently formed
jet to entrain materials of low mass into the slug and thus
accelerate the disruption of the jet's mechanical integri-
ty, and to suppress to a substantial degree the thermal
energy component which comprises a substantial por-
tion of the deleterious effects generated by the shaped-
charge munition. Incorporation of a low-boiling point or
flashing liquid within the attenuating assembly is possi-
ble with the present invention, which can further accel-
erate disruption of the slug as vapor bubbles are en-
trained.
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[0117] Accordingly, it is particularly contemplated that
this embodiment of the invention be employed in military
or terrorist applications or the like.
[0118] Shaped-charges of the type referred to above
generally fit the definition of the present invention in ex-
ceeding sonic or shock wave speeds.
[0119] Generally, the present invention can be useful
against shaped-charges including only the attenuating
medium 14' in combination with the armor plate as illus-
trated in FIGURE 13. In such a combination, the
shaped-charge may or may not be actuated upon con-
tact with the medium 14' itself. In any event, the shaped-
charge device is detonated upon contact with the ex-
posed surface 142 of the armor plate 144. Assuming ac-
tuation upon contact with the armor plate, the shaped-
charge device is generally surrounded by the attenuat-
ing medium 14' upon detonation so that the attenuating
medium interferes with proper operation of the shaped
charge as described above.
[0120] It is also possible to employ the attenuating
medium 14' together with the actuating element or sur-
face 146 which may form a portion of the confinement
means or support medium 12'. In this regard, the actu-
ating element 146 is selected with sufficient mass or re-
sistance in order to assure actuation of the shaped-
charge device. Thus, with the actuating element 146 in
place, actuation of the shaped-charge device is assured
as it approaches the attenuating medium 14' prior to en-
gagement with the armor plate 144.
[0121] It is to be noted that shaped-charge devices of
the type described above may include sequential charg-
es. The embodiment of FIGURE 13 with the actuating
element 146 may be desirable in connection with such
devices since an initial smaller charge would be actuat-
ed by the actuating element 146. Thereafter, the main
charge of the device would be actuated upon engage-
ment with the armor plate with the device being sur-
rounded by the actuating medium as described above.
It is further contemplated that spaced apart layers of the
attenuating medium, either alone or in combination with
suitable support structure (not shown) may be employed
for even further protection against shaped-charge de-
vices including sequential charges.
[0122] Another embodiment or concept of the inven-
tion is similarly contemplated for protecting people and/
or structures from the harmful effects of explosions
where explosive ammunitions or devices, for example,
may be detonated due to shock wave over-pressure
and/or thermal energy release from the detonation of
another explosive charge or device. This phenomenon
is commonly referred to as "sympathetic detonation",
"fratricide", "propagation" or "chain reaction". Any of the
embodiments of the present invention may be employed
in such applications as a barrier, buffer or ramp of one
explosive munition or device in order to protect it from
external overpressure and/or thermal energy generated
by another explosive device arranged external of the in-
vention.

[0123] Accordingly, in this embodiment or concept,
the attenuating medium is used in generally the same
manner described elsewhere herein. However, it is con-
templated that one explosive element or device (not
shown) be sheltered or arranged within the attenuating
medium assembly of the invention in order to protect it
from another explosive element or device (not shown)
which is external to the attenuating medium assembly.
[0124] A still further embodiment or variation of the
invention involves its use in forming air cargo containers
or the like. Here again, generally all of the above de-
scribed embodiments of the invention are suitable for
this application with the air cargo container forming the
interior of the attenuating medium assembly. Preferably,
the assembly is formed as a complete enclosure or lin-
ing for the container. It is also particularly contemplated
that the invention be used in fabricated panels to form
the lining for such containers.
[0125] In any event, a container including such a lining
can provide substantial protection against blasts occur-
ring within the container, the invention thereby protect-
ing the areas surrounding the container. Similarly, the
lining could also protect the interior of the container from
external blasts.
[0126] Referring particularly to FIGURE 14, the inven-
tion also contemplates use of the attenuating medium
of any of the preceding embodiments in combination
with conventional honeycomb which may preferably
provide support for the attenuating medium. A preferred
configuration is indicated at 150 in FIGURE 8 wherein
the attenuating medium 14' is preferably arranged in all
of the cells 152 of a honeycomb structure 154. The at-
tenuating medium is illustrated only in selected cells of
the honeycomb structure in FIGURE 18 for simplicity.
[0127] The attenuating medium may be a solid or liq-
uid as described elsewhere above.
[0128] Preferably, the configuration 150 includes po-
rous confinement means 30' arranged on opposite sides
of the honeycomb structure 154. The cells 152 of the
honeycomb structure are arranged with their axes 156
intersecting the porous confinement means 30'. The
configuration 150 is preferably arranged with one of the
porous confinement means 30' facing a shock wave
source as indicated by the arrow 158.
[0129] With this arrangement, the cells of the honey-
comb are exposed to the shock wave as it penetrates
porous confinement means 30' Thus, the attenuating
medium is free to react in generally the same manner
described above. Preferably, the cells of the honeycomb
are sufficiently large to permit the contemplated function
of the attenuating medium.
[0130] More preferably, the honeycomb structure 154
is provided with a large number of openings 160 in the
walls 162 of the cells. The openings 160 permit lateral
propagation of the shock wave between adjacent cells
to further facilitate the function of the attenuating medi-
um as discussed elsewhere herein.
[0131] There have accordingly been described a
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number of embodiments of attenuating assemblies and/
or mediums constructed according to the present inven-
tion. Variations and modifications in addition to those de-
scribed above are believed obvious from the descrip-
tion. Accordingly, the scope of the invention is defined
only by the following appended claims.

Claims

1. An assembly (10) for attenuating acoustic level
pressure conditions, comprising a flowable attenu-
ating medium (14) exhibiting aqueous foam charac-
teristics, namely the ability of acting in the nature of
a liquid mass to resist relative displacement by sur-
face tension and viscous forces and the ability to
substantially scatter and disperse pressure condi-
tions transmitting therethrough by virtue of multitu-
dinous curved surfaces dividing gaseous and solid
or liquid and solid phases, and enabling the gener-
ation of turbulent flow fields by transmitting pres-
sure conditions, and confinement means (12, 16,
18) for containing and supporting the flowable at-
tenuating medium, the combination of the confine-
ment means and flowable attenuating medium be-
ing arranged for intercepting the pressure condi-
tions to be attenuated, the confinement means be-
ing porous with respect to the pressure conditions
for allowing the pressure conditions to penetrate the
flowable attenuating medium, the porous confine-
ment means also causing substantial pressure de-
crease of pressure conditions penetrating the po-
rous confinement means.

2. The attenuating assembly of Claim 1 wherein the
flowable attenuating medium (14) is aqueous foam.

3. The attenuating assembly of Claim 2 further com-
prising means for regenerating aqueous foam from
liquid draining from the aqueous foam in the con-
finement means (12, 16, 18) and thereby maintain-
ing the aqueous foam (14) so that its volume sub-
stantially fills the confinement means.

4. The attenuating assembly of Claim 1 wherein the
flowable attenuating medium (14) comprises solid
particulates (62) having bulk mechanical properties
and flow properties of a fluid, namely the ability of
acting in the nature of a liquid mass to resist relative
displacement by surface tension and viscous forces
and the ability to substantially scatter and disperse
pressure conditions transmitting therethrough by
virtue of multitudinous curved surfaces dividing
gaseous and solid or liquid and solid phases, and
enabling the generation of turbulent flow fields by
transmitting pressure conditions, and further com-
prising means (64) associated with the solid partic-
ulates (62) for enhancing their resistance to relative

displacement and thereby causing the solid partic-
ulates (62) to better simulate characteristics of an
aqueous foam.

5. The attenuating assembly of Claim 4 wherein the
solid particulate (62) have a dimension of at least
about one millimeter and, in combination, exhibit a
tendency to assume the shape of the confinement
means (12) while resisting applied shear forces in
the nature of fluid viscosity.

6. The attenuating assembly of Claim 1 wherein the
confinement means comprises generally parallel
side portions (12) combining to form a panel with
the flowable attenuating medium (14) being sup-
ported therebetween for intercepting pressure con-
ditions approaching one of the side portions.

7. The attenuatin assembly of Claim 6 wherein both
side portions of the confinement means (12) are po-
rous with respect to the pressure conditions in order
to enhance attenuation thereof.

8. The attenuating assembly of Claim 7 further com-
prising a plurality of panels (12) each formed by
generally parallel side portions with the flowable at-
tenuating medium (14) being supported therebe-
tween, and intervening gaps between the panels
whereby the pressure conditions are effectively
caused to successively penetrate the plurality of
panels and intervening gaps in order to enhance at-
tenuation.

9. The attenuating assembly of Claim 7 wherein the
flowable attenuating medium (14) is an aqueous
foam.

10. The attenuating assembly of Claim 7 wherein the
flowable attenuating medium comprises solid par-
ticulates (62) having bulk mechanical properties
and flow properties of a fluid, namely the ability of
acting in the nature of a liquid mass to resist relative
displacement by surface tension and viscous forces
and the ability to substantially scatter and disperse
pressure conditions transmitting therethrough by
virtue of multitudinous curved surfaces dividing
gaseous and solid or liquid and solid phases, and
enabling the generation of turbulent flow fields by
transmitting pressure conditions, and further com-
prising means (64) associated with the solid partic-
ulates (62) or improving their resistance to relative
displacement and thereby causing the solid partic-
ulates (62) to better simulate characteristics of an
aqueous foam, and further comprising means as-
sociated with the solid particulates for improving
their resistance to relative displacement and there-
by causing the solid particulates to better simulate
characteristics of an aqueous foam.
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11. The attenuating assembly of Claim 6 further com-
prising structural means for supporting the combi-
nation of the confinement means and the flowable
attenuating medium.

12. The attenuating assembly of Claim 11 wherein the
combination of the confinement means and the
flowable attenuating medium (14) is shaped to form
a generally enclosed chamber (90).

13. The attenuating assembly of Claim 1 wherein the
flowable attenuating medium (14) is an aerogel.

14. The attenuating assembly of Claim 1 arranged on
an exposed surface (142) of armor plate (144) in
order to enhance the ability of the armor plate (144)
to resist explosive devices.

15. The attenuating assembly of Claim 14 wherein the
assembly is adapted for enhancing resistance of
the armor plate (144) to shaped-charge devices and
further comprising an actuating element (146) ar-
ranged in spaced apart relation from the armor plate
(144).

16. The attenuating assembly of Claim 1 further com-
prising a frangible shield (132) associated with the
flowable attenuating medium for normally separat-
ing environmental conditions on opposite sides of
the attenuating medium, the frangible shield (132)
being subject to shattering by the acoustic level
pressure conditions in order to facilitate reaction of
the flowable attenuating medium to the pressure
conditions.

17. The attenuating assembly of Claim 16 further com-
prising a stiffener element associated with the fran-
gible shield (132).

18. The attenuating assembly of Claim 1 forming a lin-
ing for at least one surface portion of a container.

19. The attenuating assembly of Claim 1 wherein the
confinement means comprises a honeycomb struc-
ture (154) for containing and supporting the flowa-
ble attenuating medium (14').

Patentansprüche

1. Anordnung (10) zum Dämpfen von Druckzuständen
des akustischen Pegels, die ein fließfähiges Dämp-
fungsmedium (14) umfasst, das Charakteristiken
eines wässrigen Schaums aufweist, nämlich die Fä-
higkeit nach Art einer flüssigen Masse zu wirken,
um einer relativen Versetzung durch Oberflächen-
spannung und Zähigkeitskräfte zu widerstehen,
und die Fähigkeit, dort hindurch übertragende

Druckzustände auf Grund von zahlreichen ge-
krümmten Oberflächen, die gasförmige und feste
oder flüssige and feste Phasen trennen, im Wesent-
lichen zu streuen und zu verteilen, und die Erzeu-
gung von Feldern turbulenter Strömungen durch
Übertragung von Druckzuständen zu ermöglichen,
und ein Einschlussmittel (12, 16, 18) zum Enthalten
und Tragen des fließfähigen Dämpfungsmediums
umfasst, wobei die Kombination aus dem Ein-
schlussmittel und dem fließfähigen Dämpfungsme-
dium so eingerichtet ist, dass die zu dämpfenden
Druckzustände aufgefangen werden, wobei das
Einschlussmittel hinsichtlich der Druckzustände
durchlässig ist, um zu gestatten, dass die Druckzu-
stände in das fließfähige Dämpfungsmedium ein-
dringen, wobei das durchlässige Einschlussmittel
auch eine wesentliche Druckabnahme der durch
die durchlässigen Einschlussmittel dringenden
Druckzustände bewirkt.

2. Dämpfungsanordnung nach Anspruch 1, bei dem
das fließfähige Dämpfungsmedium (14) ein wässri-
ger Schaum ist.

3. Dämpfungsanordnung nach Anspruch 2, der ferner
Mittel umfasst zum Regenerieren des wässrigen
Schaums aus einer Flüssigkeit, die vom wässrigen
Schaum im Einschlussmittel (12, 16, 18) abfließt,
und dadurch Aufrechterhalten des wässrigen
Schaums (14), so dass sein Volumen im Wesentli-
chen das Einschlussmittel ausfüllt.

4. Dämpfungsanordnung nach Anspruch 1, bei der
das fließfähige Dämpfungsmedium (14) feste Teil-
chen (62) umfasst, die mechanische Bulk-Eigen-
schaften und Fließeigenschaften eines Fluids auf-
weisen, nämlich die Fähigkeit nach Art einer flüssi-
gen Masse zu wirken, um einer relativen Verset-
zung durch Oberflächenspannung und Zähigkeits-
kräfte zu widerstehen, und die Fähigkeit, dort hin-
durch übertragende Druckzustände auf Grund von
zahlreichen gekrümmten Oberflächen, die gasför-
mige und feste oder flüssige und feste Phasen tren-
nen, im Wesentlichen zu streuen und zu verteilen,
und die Erzeugung von Feldern turbulenter Strö-
mungen durch Übertragung von Druckzuständen
zu ermöglichen, und ferner mit den festen Teilchen
(62) verbundene Mittel (64) umfassen, um ihre Wi-
derstandsfähigkeit gegen eine relative Versetzung
zu erhöhen und dadurch zu bewirken, dass die fe-
sten Teilchen (62) die Charakteristiken eines wäss-
rigen Schaums besser simulieren.

5. Dämpfungsanordnung nach Anspruch 4, bei dem
die festen Teilchen (62) eine Abmessung von we-
nigstens etwa einem Millimeter aufweisen und in
Kombination eine Tendenz zeigen die Form das
Einschlussmittels (12) anzunehmen während sie
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ausgeübten Scherkräften nach Art der Fluidvisko-
sität widerstehen.

6. Dämpfungsanordnung nach Anspruch 1, bei dem
das Einschlussmittel im Allgemeinen parallele Sei-
tenabschnitte (12) umfasst, die sich verbinden, um
eine Platte zu bilden mit dem fließfähigen Dämp-
fungsmedium (14), das dazwischen gehalten ist,
um Druckzustände aufzufangen, die sich einem der
Seitenabschnitte nähern.

7. Dämpfungsanordnung nach Anspruch 6, bei dem
beide Seitenabschnitte des Einschlussmittels (12)
hinsichtlich der Druckzustände durchlässig sind,
um deren Dämpfung zu erhöhen.

8. Dämpfungsanordnung nach Anspruch 7, der ferner
eine Vielzahl von Platten (12), die jeweils durch im
Allgemeinen parallele Seitenabschnitte gebildet
sind, wobei das fließfähige Dämpfungsmedium (14)
dazwischen gehalten wird, und dazwischenliegen-
de Lücken zwischen den Platten umfasst, wodurch
die Druckzustände wirksam dazu gebracht werden,
nacheinander durch die Mehrzahl von Platten und
dazwischenliegenden Lücken zu dringen, um die
Dämpfung zu erhöhen.

9. Dämpfungsanordnung nach Anspruch 7, bei dem
das fließfähig Dämpfungsmedium (14) ein wässri-
ger Schaum ist.

10. Dämpfungsanordnung nach Anspruch 1, bei der
das fließfähige Dämpfungsmedium feste Teilchen
(62) umfasst, die mechanische Bulk-Eigenschaften
und Fließeigenschaften eines Fluids aufweisen,
nämlich die Fähigkeit, nach Art einer flüssigen Mas-
se zu wirken, um einer relativen Versetzung durch
Oberflächenspannung und Zähigkeitskräfte zu wi-
derstehen, und die Fähigkeit, dort hindurch übertra-
gende Druckzustände auf Grund von zahlreichen
gekrümmten Oberflächen, die gasförmige und feste
oder flüssige und feste Phasen trennen, im Wesent-
lichen zu streuen und zu verteilen, und die Erzeu-
gung von Feldern turbulenter Strömungen durch
Übertragung von Druckzuständen zu ermöglichen
und ferner mit den festen Teilchen (62) verbundene
Mittel (64) umfassen, um ihre Widerstandsfähigkeit
gegen eine relative Versetzung zu verbessern und
dadurch zu bewirken, dass die festen Teilchen (62)
die Charakteristiken eines wässrigen Schaums
besser simulieren, und ferner mit den festen Teil-
chen verbundene Mittel umfassen, um ihre Wider-
standsfähigkeit gegen eine relative Versetzung zu
verbessern und dadurch zu bewirken, dass die fe-
sten Teilchen die Charakteristiken eines wässrigen
Schaums besser simulieren.

11. Dämpfungsanordnung nach Anspruch 6, der struk-

turelle Mittel zum Halten der Kombination aus dem
Einschlussmittel und dem fließfähigen Dämpfungs-
medium umfasst.

12. Dämpfungsanordnung nach Anspruch 11, bei dem
die Kombination aus dem Einschlussmittel und dem
fließfähigen Dämpfungsmedium (14) so gestaltet
ist, dass sie eine im Allgemeinen eingeschlossene
Kammer (90) bildet.

13. Dämpfungsanordnung nach Anspruch 1, bei dem
das fließfähige Dämpfungsmedium (14) ein Aerogel
ist.

14. Dämpfungsanordnung nach Anspruch 1, der an ei-
ner freiliegenden Oberfläche (142) einer Panzer-
platte (144) angeordnet ist, um die Fähigkeit der
Panzerplatte (144) Sprengeinrichtungen zu wieder-
stehen zu verbessern.

15. Dämpfungsanordnung nach Anspruch 14, bei dem
der Aufbau dafür ausgelegt ist, die Widerstandsfä-
higkeit der Panzerplatte (144) gegen Hohlladungs-
einrichtungen zu erhöhen und ferner ein Betäti-
gungselement (146) zu umfassen, das mit einem
Abstand von der Panzerplatte (144) angeordnet ist.

16. Dämpfungsanordnung nach Anspruch 1, der ferner
einen mit dem fließfähigen Dämpfungsmedium ver-
bundenen zerbrechlichen Schild (132) umfasst, um
normalerweise die Umgebungsbedingungen auf
den gegenüberliegenden Seiten des Dämpfungs-
mediums zu trennen, wobei der zerbrechliche
Schild (132) dazu neigt, durch Druckzustände des
akustischen Pegels zu zerspringen, um eine Reak-
tion des fließfähigen Dämpfungsmediums auf die
Druckzustände zu erleichtern.

17. Dämpfungsanordnung nach Anspruch 16, der fer-
ner ein mit dem zerbrechlichen Schild (132) verbun-
denes Versteifungselement umfasst.

18. Dämpfungsanordnung nach Anspruch 1, der eine
Auskleidung für wenigstens einen Oberflächenab-
schnitt eines Behälters bildet.

19. Dämpfungsanordnung nach Anspruch 1, bei dem
das Einschlussmittel eine Wabenstruktur (154) zum
Enthalten und Tragen des fließfähigen Dämpfungs-
mediums (14') umfasst.

Revendications

1. Ensemble (10) pour atténuer les conditions de ni-
veau de pression acoustique, comprenant un milieu
d'atténuation fluide (14) présentant les caractéristi-
ques d'une mousse aqueuse, à savoir la capacité
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d'agir à la manière d'une masse de liquide pour
s'opposer à un déplacement relatif au moyen d'une
tension de surface et de forces visqueuses et l'ap-
titude à sensiblement diffuser et disperser des con-
ditions de pression, qui sont transmises à travers
ce milieu, sous l'effet de multiples surfaces courbes
séparant les phases gazeuse et solide ou liquide et
solide, et permettant la production de zones d'écou-
lement de turbulence au moyen de la transmission
de conditions de pression, et des moyens de confi-
nement (12, 16, 18) destinés à contenir et supporter
le milieu d'atténuation fluide, la combinaison des
moyens de confinement et du milieu d'atténuation
fluide étant agencée de manière à intercepter les
conditions de pression devant être atténuées, les
moyens de confinement étant poreux en rapport
avec les conditions de pression de manière à per-
mettre aux conditions de pression de pénétrer dans
le milieu d'atténuation fluide, les moyens de confi-
nement poreux entraînant également une réduction
sensible des conditions de pression pénétrant dans
les moyens de confinement poreux.

2. Ensemble d'atténuation selon la revendication 1,
dans lequel le milieu d'atténuation fluide (14) est
une mousse aqueuse.

3. Ensemble d'atténuation selon la revendication 2,
comprenant en outre des moyens pour régénérer
une mousse aqueuse à partir du liquide s'évacuant
de la mousse aqueuse dans les moyens de confi-
nement (12, 16, 18) et maintenir de ce fait la mous-
se aqueuse (14) de telle sorte que son volume rem-
plit sensiblement les moyens de confinement.

4. Ensemble d'atténuation selon la revendication 1,
dans lequel le milieu d'atténuation fluide (14) com-
prend des particules solides (62) ayant globalement
des propriétés mécaniques et des propriétés
d'écoulement d'un fluide, à savoir la possibilité
d'agir en tant que masse liquide pour s'opposer à
un déplacement relatif par une tension de surface
et des forces visqueuses et l'aptitude à sensible-
ment diffuser et disperser des conditions de pres-
sion transmises par le milieu, au moyen de multi-
ples surfaces courbes séparant les phases gazeu-
se et solide ou liquide et solide et permettant la pro-
duction de zones d'écoulement turbulent moyen-
nant la transmission de conditions de pression, et
comprenant en outre des moyens (64) associés aux
particules solides (62) pour améliorer leur résistan-
ce à un déplacement relatif et de ce fait amener les
particules solides (62) à mieux simuler les caracté-
ristiques d'une mousse aqueuse.

5. Ensemble d'atténuation selon la revendication 4,
dans lequel les particules solides (62) possèdent
une dimension d'au moins environ 1 mm et, en com-

binaison, présentent une tendance à prendre la for-
me des moyens de confinement (12), tout en s' op-
posant à des forces de cisaillement appliquées, à
la manière de la viscosité d'un fluide.

6. Ensemble d'atténuation selon la revendication 1,
dans lequel les moyens de confinement compren-
nent des parties latérales (12), qui sont d'une ma-
nière générale parallèles et qui se combinent pour
former un panneau et entre lesquelles est supporté
le milieu d'atténuation fluide (14), pour intercepter
les conditions de pression se rapprochant de l'une
des parties latérales.

7. Ensemble d'atténuation selon la revendication 6,
dans lequel les deux parties latérales des moyens
de confinement (12) sont poreuses par rapport aux
condition de pression afin d' améliorer l'atténuation
de ces conditions.

8. Ensemble d'atténuation selon la revendication 7,
comprenant en outre une pluralité de panneaux
(12) formés chacun par des parties latérales d'une
manière générale parallèles entre lesquelles est
supporté un milieu d'atténuation fluide (14), et des
interstices intercalaires situés entre les panneaux,
ce qui a pour effet que les conditions de pression
sont amenées à pénétrer effectivement dans la plu-
ralité de panneaux et d'interstices intercalaires pour
amplifier l'atténuation.

9. Ensemble d'atténuation selon la revendication 7,
dans lequel le milieu d'atténuation fluide (14) est
une mousse aqueuse.

10. Ensemble d'atténuation selon la revendication 7,
dans lequel le milieu d'atténuation fluide comprend
des particules solides (62) possédant globalement
des propriétés mécaniques et des propriétés
d'écoulement d'un fluide, à savoir la possibilité
d'agir en tant que masse liquide pour s'opposer à
un déplacement relatif par une tension de surface
et des forces visqueuses et l'aptitude à sensible-
ment diffuser et disperser des conditions de pres-
sion transmises par le milieu, au moyen de multi-
ples surfaces courbes séparant les phases gazeu-
se et solide ou liquide et solide et permettant la pro-
duction de zones d'écoulement turbulent moyen-
nant la transmission de conditions de pression, et
comprenant en outre des moyens (64) associés aux
particules solides (62) pour améliorer leur résistan-
ce à un déplacement relatif et de ce fait amener les
particules solides (62) à mieux simuler les caracté-
ristiques d'une mousse aqueuse, et comprenant en
outre des moyens associés aux particules solides
pour améliorer leur résistance à un déplacement re-
latif et de ce fait amener lesdites particules solides
à mieux simuler les caractéristiques d'une mousse
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aqueuse.

11. Ensemble d'atténuation selon la revendication 6,
comprenant des moyens structurels pour supporter
la combinaison des moyens de confinement et du
milieu d'atténuation fluide.

12. Ensemble d'atténuation selon la revendication 11,
dans lequel la combinaison des moyens de confi-
nement et du milieu d'atténuation fluide (14) est
conformée de manière à former une chambre (20)
qui d'une manière générale est fermée.

13. Ensemble d'atténuation selon la revendication 1,
dans lequel le milieu d'atténuation fluide (14) est un
aérogel.

14. Ensemble d'atténuation selon la revendication 1,
disposé sur une surface exposée (142) d'une pla-
que de renfort (144) pour accroître l'aptitude de la
plaque de renfort (144) à résister à des dispositifs
explosifs

15. Ensemble d' atténuation selon la revendication 14,
dans lequel l'ensemble est adapté pour accroître la
résistance de la plaque de renfort (144) à des dis-
positifs à charge creuse et comporte en outre un
élément d'actionnement (146) disposé dans une
disposition écartée par rapport à la plaque de ren-
fort (144).

16. Ensemble d'atténuation selon la revendication 1,
comprenant en outre un bouclier apte à être rompu
(132) associé au milieu d'atténuation fluide pour sé-
parer normalement des conditions d'environne-
ment sur des côtés opposés du milieu d'atténuation,
le bouclier apte à être rompu (132) étant soumis à
un effet de brisance par les conditions de niveau de
pression acoustique pour faciliter la réaction du mi-
lieu d'atténuation fluide aux conditions de pression.

17. Ensemble d'atténuation selon la revendication 16,
comprenant en outre un élément de rigidification
associé au bouclier pouvant être rompu (132).

18. Ensemble d'atténuation selon la revendication 1,
formant un garnissage pour au moins une partie de
la surface d'un récipient.

19. Ensemble d'atténuation selon la revendication 1,
dans lequel les moyens de confinement compren-
nent une structure en nid d'abeilles (154) destinée
à contenir et supporter le milieu d'atténuation fluide
(14').
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