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(57) Abrégé/Abstract:
A portable liquid-filtration device includes an inlet port, a filtering portion including a filtering medium and fluidly coupled to the inlet

port, a filtered-liquid output port fluidly coupled to the filtering portion, a flush port fluidly coupled to the filtering portion, and a
manually activated pump assembly fluidly coupled to the inlet port, filtering portion, output port and flush port. The pump assembly
is configured, when activated, to create a negative fluid pressure at the inlet port and a positive fluid pressure at the output port and
the flush port. As a consequence of activation of the pump assembly., the filtering portion receives unfiltered liquid from the inlet
port, the output port receives from the filtering portion only liquid traversing the filtering medium in a first direction, and the flush port
receives from the filtering portion liquid traversing the filtering medium in a second direction different from the first direction.
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(54) Title: PORTABLE LIQUID-FILTRATION DEVICE

(57) Abstract: A portable liquid-filtration device includes an inlet port, a
filtering portion including a filtering medium and fluidly coupled to the in-
let port, a filtered-liquid output port tluidly coupled to the filtering portion,
a flush port fluidly coupled to the filtering portion, and a manually activ-
ated pump assembly fluidly coupled to the inlet port, filtering portion, out-
put port and flush port. The pump assembly is configured, when activated,
to create a negative fluid pressure at the inlet port and a positive fluid pres-
sure at the output port and the flush port. As a consequence of activation of
the pump assembly., the filtering portion receives unfiltered liquid from the
inlet port, the output port receives from the filtering portion only liquid tra-
versing the filtering medium in a first direction, and the flush port receives
from the filtering portion liquid traversing the filtering medium in a second
direction different from the first direction.
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PORTABLE LIQUID-FILTRATION DEVICE

BACKGROUND OF THE INVENTION

[0002] The need for a readily-available supply of fluids to combat dehydration during
strenuous activity is well-known. When dehydration occurs, the level of water in the body is
below the level necessary for normal body function. Chronic dehydration can lead to short-
term and long-term health problems, including kidney damage. To prevent dehydration, it is
imperative that water be consumed regularly at intervals frequent enough to replace water lost
through elimination, perspiration and respiration.

[0003] One of the challenges to remaining effectively hydrated when undertaking
activities in remote locations, such as hiking, camping, climbing and backpacking, is the
difficulty in acquiring the volume of potable water to remain properly hydrated. When
undertaking these activities, the sheer weight of the water that is required to remain properly
hydrated is very cumbersome for an individual to carry. Likewise military personnel have
difficulties in replenishing the potable water consumed by forward deployed warfighters that

have been effectively removed from conventional supply lines.
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[0004] Consequently 1t 1s ughly desirable to consume water from a natural freshwater
source encopntered in a remote location such as rivers, crecks, streams, lakes, and ponds 1o
avoid dehydration. However a freshwater source cannot inherently be assumed potable as a
farge percentage of such water s microbiologically unfit for human consemption. This s
because such sources potentially contain a myriad of harmful microbiological pathogens.
Ingestion of these microbiclogical pathogens such as viruses, bacteria, and protozoa are
known 1o significantly contribute to diartheal diseases. Hence to remain effectively hydrated
i these remote locations, it i3 imperative to utilize a personal filtration device for treating
water to remove these microbiological pathogens.

{0005} Treating water in remote locations using a personal filtration device can be
highly effective in reducing the nisk of waterborne diseases for people who have no other
option than to replemish their fhnds from a natural freshwater source. These personal
fltratton devices include a vasriety of water purification media that utilize a physical-barner
{ie., size-exclusion} approach (o removing microbiological pathogens and inclode activated
carbon block mewbrane, ceramic membranes, glass fiber wembranes, and polymeric flat
sheet and hollow fiber membranes. Personal filtration devices with a physical barrier are
superior to a balogen-based disinfectant for treating a freshwater source of an wnknown water
guality.  Chemical disinfectants are unable to remove halogen-resistant protozoa {e.g.,
cryptosporidium) without a long dwell thme {4 hours or longer) that potentially puts the user
at nisk of becoming dehydrated while waiting for the water to become safe to drnk
Furthermore, the effectiveness of these chemical disinfectants 15 hughly dependent on the
concentration of organic carbon arising from natural organic matter and the temperature of

gen-based disinfectants decrease the palatabibity of

E=

the swiace water. Additionally, the halo
the treated water {affects both tastes and odor) which has been shown to reduce the water
tntake by the user. Fimally, unlike chemical disinfectants, the use of a phwsical bamer
removes any suspended solids and colloidal particles from the freshwater source bemg

freated.
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[0006] A typical arrangement for a personal filtration device is one whereby a filter
cartridge containing the size-exclusion membrane is in series with a volumetric-
displacement-type, hand-operated pump. Any number of different pumping mechanisms can
be emploved for delivering the flud from the contaminated water source to the filter
carttidge.  For example, a moveable piston or planger pump can be incorporated wmto the
housing of the personal Bltration device to offer a hand-held punping mechanism. Sample
personal filtration devices for purifiying water in remote locations with a hand-operated pump
are disclosed in U.S. Patent Nos. 5,330,640, 6,010,626, 8,147,685, §.281,937. 8 557,115 and
U.S. Patent Application No. 2010/0170834.

{0007} The art teaches the use of hand pumping devices coupled with a varnety of
proven water filtration roedia, mcluding ceramic membranes, glass fiber membranes, and
polymeric flat sheet and hollow fiber membranes. The current art also indicates that personal
filtration devices of this configuration should be opevated 1n a dead-end filtration mode.
When using a dead-end filtration technique, all of the fhnid passes through the membrane and
all particles larger than the pore sizes of the membrane are stopped at its surface. This means
that the trapped debris start to build up a "filter cake” on the surface of the membrane which
reduces the efficiency of the filtration process. A reduction in the efficiency of the personal
filiration device 15 observed when these devices are vsed over an extended period of time to
treat freshwater sources with high concentrations of suspended solids and/or natural organic
matter. Back-tlushing the filter, by reversing the flow through the membrane to remove the
debris trapped inside the filter housing, can help unclog the filter by removing the filter cake.

{0008} One stgnificant disadvantage of prior-art hand punp personal filtration
devices s the inability of therr membrane sarfaces to be easily cleaned after being used to
treat a freshwater source that quickly clogs the membrane surface. The art teaches that the
personal filtration device nwst be manvally reconfigured in order to initiate the cleaning step
to remove the hlter cake. Examples of this mentioned i the art include the user

disassembhing the filker canridge in the field to expose the clogged membrane surface or
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altering/reversing the divection of the flow check valve(s) to mutiste a back-flushing
procedure. Additionally, special tools are often required to be carried in order to clean the
membrane sarface. For example, cleaning a cevamic filter is often achieved by using a
scouring pad to mannally abrade the surface of the ceramic membrane. Furthermore, the user
must be careful to only undertake this cleaning step using known potable water to avoud
contaminating the clean side {downstream} of the filter cartridge with any micvobiological
pathogens.

{0009} The art mdicates that senu~penmeable hollow fiber membranes are an effective
physical barrier for removing microbiological pathogens since thev provide a very high
membrane surface per uotl volume of the filter cartridge. Consequently, the use of a hollow
fiber membrane enables the personal filtration device to have a lighter and more compact
{size-etticient) design for the same water production than if the filter cartridge was fabricaied
from other types of physical barrier materials used 1 the construction of personal filtration
devices.

[0010] When compared to ceramic mewmbranes, one of the key performance
limitations of using hollow fiber membranes is that it 15 difficolt to completely remove the
filter cake from the mewbrane surface. Ceramic membranes were designed to be cleaned
using a mechamical abrasion approach that fully removes the filter cake from the membrane
surface but this cleaning procedure cannot be replicated on the more fragile hollow fiber
membranes. This means that personal filtration devices with a hollow fiber canridge can only
be cleaned by altermg the flow path through the filter cartridge. Forthermore, it is not always
possible for visual inspection of the condition of the hollow fiber membrane to deternune the
extent of the filter cake deposited on the membrane’s surface. Therefore, the cleaning step
could potentially be initiated at a point where the back flush process may oaly be partially
effective at restoring the water production capabilities of the filter cartridge due 1o severe

buildup of the filter cake. This problem can be addressed by increasing the size of the holtow



fiber filter cartridge to spread the filter cake over a larger membrane surface area but this comes

at the expense of making the filter small and compact in size.

BRIEF DESCRIPTION OF THE DRAWING

[0011] The accompanying drawing figures illustrate the embodiments of the present
invention and, together with the description, serve to explain the principles of embodiments of
the invention. In the drawing:

[0012] FIG.1 is a perspective view of a pump assembly embodiment of a personal
filtration device according to an embodiment of the invention.

[0013] FIG. 2 is a side evaluation view of a pump assembly of the embodiment shown
in FIG 1.

[0014] FIG. 3 is a top evaluation view of a pump assembly of the embodiment shown
in FIG 1.

[0015] FIG. 4 is a side evaluation view in cross section of the embodiment shown in
FIG 1.

[0016] FIG. 5 is a cross-sectional view of the pump head assembly of the device
embodiment shown in FIG 1.

[0017] FIG. 6is a cross-sectional view of the filter cartridge and flow separation endcap
of the embodiment shown in FIG 1.

[0018] FIG. 7 is a close-up, partial cross-sectional view of the filter cartridge and flow
separation end cap of the embodiment shown in FIG 1.

[0019] FIG. 8 is a side view of the flush valve and flow regulating valve of the
embodiment shown in FIG 1.

[0020] FIG. 9 is a cross-sectional view of the flush valve and flow-regulating valve of
the embodiment shown in FIG 1.

[0021] FIG. 10 is a cross-sectional view of the flush-fluid pathway within the pump

head assembly of the embodiment shown in FIG 1.
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10022} FIG. 11 illustrates a prefilier and dual-lumen hose assembly coupleable with

the pamp head assembly of the embodiment shown in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

10023} In light of the above-discussed disadvantages and limitations of the methods
and filter assemblies described in the prior art, # 1s highly desirable to provide a compact
personal filtration device that ntegrates ap ergonomic hand pump mechanism with a hollow
fiber filter cartridge that has a low degree of effort associated with reducing the filter cake
formation that adversely impacts the water production of this device. It 1s also desirable that
this personal filtration device provides a mechanism for enabling the filter cartridge to be
cleaned w the field without having to manually reconfigure or disassemble the filter cartridge
while also preventing the clean side of the filter canridge from potentially becoming
microbiologically contaminated during the cleanmg process.

[0024] An embodiment of the present invention provides a personal filtration device
that integrates a hand pump mechanism with a hollow fiber filter cartridge for the selective
removal of contaminants to produce potable warer that substantially addresses one or more of
the disadvantages and limitations of the existing art.  In particular, the disclosed personal
filtration system is able to treat microbiologically contaminated drinking water in a method
that eluninates any requirement to manually alter or disassemble the device to intiate a back-
flushing or other cleaning step to remove the filter cake that deposits on the surface of the
membrane.  An embodiment includes a filter cartridge with self-cleaning ability to
continually remove any trapped debris that builds up on the surface of the hollow fiber
mambrane. in other words, the user does not nead to interrupt the filteation process in order to
periodically back-flush the hollow fiber membrane since the device removes the
clogging/touling matenials while it i3 simultanecusly producing filtered water.

[8025] An apparatus embodiment of the invention includes a personal filtration

device having a hollow fiber filler cartnidge specifically designed to be mberently self
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cleaning through the use of a continuous cross-flow filtraton technigue. In cross-flow
filtration, the fluid feed stream rons tangential to the hollow fiber membrane and thereby
establishes a pressure differential across the membrane. Therefore, in contrast with the prior
art, in which the filtration cartridge only has an inlet and an outlet port, the personal filtration
device described m the present invention produces potable water by splitting the mcoming
fhud stream being treated by the hollow fiber filter cartridge into two separate streams that
continyally exit the filter housing. In other words, the filter cartridpe includes a chamber for
receiving the hollow fiber membrane and three fluid conduits: an nlet port for receiving the
unfiltered Ruid, an outlet port for dispensing the filtered fluid, and a flush port that discharges
the flush {luid containing the particulate matter that did not permeate through the hollow fiber
membrane.

{08026} The hollow fiber membrane bundle is supported and sealed nside the
designated chawber within the filter honsing by a hardened resin. Both of the potted ends of
the hollow fiber membrane are open so that fuid can enter the bore {lomen) of the hollow
fiber at one of the supported open eads of the filter cartridge then traverse the entire length of
the hollow fiber membrane betore exiting the filler cartridge through the other supported
open end of the hollow fiber. In this flow configuration, the contarmnated fluid from the
pump head entering the filter cartridge through the inlet port is then equally dispersed mto the
numerous open ends that comprise the upstream side of the hollow fiber bundle. The
contaminated fluid then flows along the length of the hollow fiber membrane towards the
other open end and may become filtered only when flowing through the membrane wall to
the shell side {outside) of the hollow fiber membrane. The treated water that is collected on
the shell side of the hollow fiber membrane exits the filter cant through the outlet port located
at the base of the personal filtration device.

10027} A consequence of this inside-out flow configuration 1s that the lumens of each
hollow fiber membrane will eventually become clogged by the formung filier cake. However

by having both ends of the hollow fiber open, the debris that typically leads to the formation

7.
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of the filter cake is instead able to exat the bore of the hollow fiber membrane at the
downstream end of the filter cantridge. Consequently, the filter cartridge design of an
embodintent s based on using a small fraction of the mcoming fluid stream delivered to the
hollow hiber filter cartridge from the pump head to traverse the entire length of the holtow
fiber membrane to remove any debris that resides on the surface of the hollow fiber
membrane and carry these particles away from the membrane surface to the flush port. This
continual self~cleaning of the filter cartridge eliminates the need to peviodically back-flush
the membrane in order to dislodge/remove the filter cake that s formed inside the lwmens of
the holiow fibers.

{0028} The amouat of the incoming fluid stream that exits the filter cartridge through
the flush port is controlled by the flow restriction orifice that is mounted into the Hlush port.
The flush port is preferentially located sufficiently distant from the filtered fhad exsting the
hollow fiber membrane cartridge o avoid aay contamination of the filiered fluid side of the
device. In an embodiment, the flush port may be positioned adjacent the indet port for the
anfiliered floid entering the pump head. The flush fluid from the filter canridge is discharged
via flexible wbing sefficiently distant from the personal filtration device to prevent the user
from beconung splashed by the flush fhad or having histher feet or personal belongings
become wet as the personal filtration device is being operated. One such approach includes
returning the flush fluid back to the freshwater source bewng filtered by the personal Rltration
device.

10029} The flud exiting through the flush port also serves as a conventent pathway
for removing air entrapped inside the filter cavteidge. Alr can enter the filter carttidge in the
form of bubbles present in the untreated water when the filter cartridge has been drained of
water or as dissolved gases which can then coalesce over time with other air bubbles to form
farger air bubbles that are difficult to remove from the filter housing. Hollow fiber
membranes for water purification are hydrophilic in order to be able to efficiently tvansport

water through the membrane. The hwdrophilic natwe of the membrane mplies that air
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cannot, or minimally can, traverse the membrane walls when they are wet.  Consequently,
pockets of entrapped air can form on the membrane surface and impede the flow of water
through the membrane. Although this problem can be overcome by placing a number of
hydrophobic hollow fiber membranes i the filter housimg designed for dead-end Hiltration,
this feature of the filter cartridge provides a simple and cost-eftective approach for expelling
such air throegh the flesh port.

[0030] In an embodiment of the invention, a filter cartridge containing looped fibers
could be utihzed. The fibers are looped and may be only potted at one end of the cartridge.
The contaminated fluid flow may enter the cartridge on the extertor of looped fibers. The
treated water may be collected at the bores of the looped fibers at the potted end. This
embodiment may require a second port in the filter cartridge open to the contaminated fluid
on the outside of the fiber bundle.  As desceribad 1o the embodiment above, a fraction of the
tmeontng fluid stream wouold be diverted back out of the filter cartridge carvving away
accumulated debris. This flush mechanism would not be as effective but would provide some
amount of cartridge cleaning.

{0031} In an embodiment of the invention, the personal filtration device includes an
trinsic pressore relief function. In such embodiment, the personal filtration device features a
pressure-relief valve embedded into the Hush port of the filter cartridge. This feature 1s
designed to prevent any of the active filration components from being exposed to a
pressurized fluid m excess of a predetenmined value that could compromise their mechanical
integrity. The flow rate of the flush flud remains constant during normal operation of the
personal filtration device. However once the fhud pressure exceeds g predetermined level in
the filter due to clogging of the hollow fiber membrane, the pressure relief valve momentanly
mcreases the volume of the pressunized fluid being discharged through the flush port. Only
when the operating pressure falls below this predetermined level does the normal flow

distribution within the hollow fiber membrane cartndge resume. The use of a pressure-relief
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valve possessing this property also simplifies the comstruction of the device since it
eliminates the need for a separate fhud bypass cireait.

[0032] In an embodiment of the invention a flow-regulation valve 1§ used to maintain
constant filtered water output per pumyp stroke, Over the lifespan of the filter cartridge the
hollow fibers will begin to accumulate particalates despite the fhad flush mechanism that
transports much of the filter cake out the flush port.  As the hollow fibers accunudate
particulates, the tnernal pressure of the fibers will merease.  H vot regulated, the flow of
flush fluid would increase with the mncreasing pressure in the fibers. This would m tun
reduce the flow of filiered water. The user may produce less and less filtered water for each
pump stroke as the iaternal pressure increases and eventually no filtered water would be
callected.

{0033} To keep the flow of filtered water constant with respect to pump strokes, a
How regulation valve is positioned in the Hush stream. The valve operates based on pressure
in the holtow fibers. As the internal pressure in the fibers increases, the orifice of the flow

regulation vabve decreases iy digmeter, The valve 1s tuned such that the volume of the flush

=

streamy s always a preferred amount, between, for example, 5 and 10% of the mnlet stream.
The user may need to pump with more force as internal pressure builds, but the output of
filtered weater per stroke remains constant.

[0034] In an embodiment of the invention, the personal filtration device utilizes a
flexable dual-lumen wbing 1o provide a conduit between the contaminated freshwater source
being treated and the pump head. This feature conventently allows one end of the dual-humen
tubing to be placed directly in the water sowce being filtered and clinunates the need for the
user to carry an additional prece of flexible tubing for transporting the flush fhuid. One side of
the duai-lumen tubing is attached to the inlet port located on the pump head while the other
side s attached to the flush port to discharge the fluid used to self-clean the hollow fiber

membrane into the freshwater source bemg purified.
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{0035} In an embodiment of the invention, the hollow fiber filter cartridge is
fabricated from an ultrafiltration membrane that has been shown to reduce the concentration
of virases, bacterta and protozoa wn microbiologically contanunated water to a level that
satisfics the water quality requirements specified n the relevant guidelines for potable water
of the Upied States Envuonmental Profection Agency (EPA), National Sanitation
Foundation {(NBF) International and the World Health Organization {(WHO). In other words,
this feature enables the personal filtration device to be classified as a microbiological purifier.
However if complete virus removal is not a requirement for the freshwater source bemg
purified, the hollow fiber filter cantridge can altematively be fabricated with a nucrofiltration
membrane that satisfics the regulatory requirements for removing bacteria and protozoa.

10036} In an embodiment of the invention, the personal filivation device is comprised
of a doal-acting {double-action} pump mechanism i order to maxinuze the production rate of
potable water produced by the hollow fiber filter cartridge. The pump head s configured s0
that while one side of the pistondplunger pushes fluid through the filter o discharge 1, the
other side introduces wmore fluid tie the pump head. Consequently, the discharge of fluid
from the pump head through the filter occurs on both the in and out strokes {7 e, discharge in
both directions). Therefore both strokes are effective at discharging fluid through the filter as
there are no idle strokes. This pump configuration provides a continuous thad supply with
only minor fluctuations 1 the flow of fluid through the hollow fiber filter cartndge. The
major advantage of utilizing a dual-acting pump configuration is that w is possible to reduce
the size of the filter element and the pump head without redacing the rate of production of
microbiologically safe deinking water, allowing for a more compact water punfier. This
feature allows the hollow fiber cartridge 10 be smaller and provides a more comfontable
pumping experience due to the lower feed pressure that must be generated by the manual
pumping Mmoo

18837} In an embodiment of the mvention, an additional feature of the personal

filtration device 1s the mclusion of an adaptor base that allows the filter to be directly
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connected to a fluid container into which the filtered water can be discharged. The personal
filtration device is capable of being directly and securely coupled to the fill port of a flusd
stovage comtaner such as the standard wide neck bottle mterface. Mechanical conpling of the
fhud container to the personal filtration device will prevent unimentional disengagement of
these components during the filling process. A threaded-type interface with the discharge end
of the personal filtration device is considered to be one example of a secure engagement
means, Alternatively, a piece of flexible tubing attached to the outlet port of a personal
filtration device can be mnserted onto the mouth of the flhuid storage comainer. When the
container becomes full, the tube is removed and the container sealed.

{0038} In an embodiment of the mvention, the personal filtration device may include
a pre-filter to assist the hollow fiber filter cantridge in removing suspended solids from the
contaminated water source. Pre-filters are common in the cument art of portable waler
fltration apparatus to prevert damage to the pistondplunger in the pump head. The pre-filter
also prevents particles from entering the filter cartridge that can potentially plog the himens
of the hollow fiher membranes. The pre-filter, which is attached 1o the end of the mlet hose
placed m the water source, can be fabricated from a mesh, foam or textile filter or a
combination of different materials.

{0039} Reference will now be made in detail to the preferred embodiments of the
present mvention, examples of which are illastrated in the accompanying drawing figures.
Turning to the drawing figures, identical numerals correspond to the same or similar features
in each of the several views. The drawing is not intended to indicate the scale or relative
proportions of the elements shown therein. Unless otherwise noted, all parts are preferably
fabricated from plastic or similar lightweight yet strong material.

{8040} In accordance with one aspect of an embodiment, a personal filtration device i
according to one embodiment i3 Hlustrated in FIGS. 14, FIGS. 1-3 iltustrate the exterior of
the personal filtration device 1, whereas FIG. 4 illustrates a cross section of the device to

iHustrate the fluid movement mnside a filter cartridge 10, The personal filtration device 1 may
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be wsed for the purification of water or other fluids that potentially contain microbiological
pathogens. In particular, the personal filtration device 1 s small and lightweight so that it can
be used by persons, such as hikers, campers, backpackers, climbers, and forward deployed
warfighters, traveling through the backcountry or internationally.

[0041} As shown i FIGS 1-6, the personal filtration device 118 counstructed and
designed so that a pump bead assemibly 73 provides a means for delivering the fhad to be
filtered to a pump body 2 by means of moving a lever-action handle 3. The fluid 1o be
filtered (influent stream) enters the pump head assembly 73 through an inlet port 4 which 1s
mounted onto an inlet assembly 8 The et port 4 can be anv type of suiable fluid
counection port, The filter cartridge 10 is contained within a chamber of pump body 2. The
pressurized fluid exits the pump head assembly 73 through a passageway 65 and iraverses
through an witeent foid cavity (Le., duct) 11 to filter cartnidge 10, The flush fluid wsed to
remove the waterborne contanvnants that did not permeate through filter cartridge 10 15
discharged through flush port S after the fluid has first passed throvgh fush-fluid cavity 41,
flush valve or flow regulating valve 30, and flush-discharge cavity 42, The flush valve or
flow regulating valve 30 coatrols the flow rate of flush fthud that passes through filter
cartridge 10 and also relieves filiration pressures that exceed a predetermuned level. The flush
port 3 can be any type of suitable fluid connection port. The inlet port 4 is positioned near the
flash port 5, and both ports are mechanically protected by pump head cover 9. The filtered
fluid (effluent stream) produced by filter cartnidge 10 is discharged through outlet port 18
{(FIG. 6) after passing throoegh flow separation end cap 16, If desived, a container can be
threaded to flow separation end cap 16 to collect filtered fluid. To prevent contamination of
the outlet port 18 when the device 1s not being used, the flow separation end cap 16 may be
encapsulated by a removable cap 6.

[0042} Reference is now made to FIG. 11, which illusirates the prefilter and dual-
lumen hose assembly. A exible dual-lumen fluid hose 70 provides a fluid conduit between

the fluid beng fikered and the personal hHiltration device 1. The mfluent side 71 of the dual-
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tumen hose can be connected o the inlet port 4 and serve as the conduit for the unfiltered
fluid being extracted from the floid source (e.g., stream, creek, erc). The discharge side 72
of the dual-lumen twbing is comnected to the flush port 5 and serves as g conduait for
transferring the flush fluid wvsed to remove the clogging matevial formed inside the filter
cartridge 10 during the filtration process to the flaid source of the hquid bemng purified. The
flexible nature of the fluid hose is to facilitate wrapping the bose around the pump body 2
when the personal device 1 is not in use. Exemplary conunercially available materials for
fabricating the dual lumen fluid hose include rabber, silicone, polvethviene or other such
flexible materials as is known in the art. The influem side 71 of the lumen fluid hose 70 is
attached to a pre-filter assembly 80 that s comprised of a screen or mesh for preventing
targe-sized particles, such as leaves, twigs, large pieces of sediment, and the bke, from
entering into the mfluent side. The screen or mesh may possess hydrophilic properties to
minirize entramment of air mto the system,

{0043} Referning now to FIG. §, a stde evaluation cross-sectional view of pomp head
asserably 73 1s shown. In the dlustrated embodiment, the pump head assembly 73 is a dual-
acting {double-action} pump. Fluid & drawn in through the inlet port 4 and s discharged
through the pressurized fluid outlet cavity 65 that s Huidly coupled to tilter canndge 10
when piston 51 is moved i both directions. The doal-acting pump is advantageouns since it
delivers a near-continuous flow of unfiltered flaid to the filter cartridge 10. In contrast, most
personal hand-pump operated filters developed for purifving water in remote locations wtihze

a single-acting pump design. Single-acting hand-puemp filters operate on the principle that

fluid only eaters the purap bead m the out stroke (upstroke) when a pistowplunger s removed
from a chamber and then is pushed by the piston/planger through the filter on the in stroke
{down stroke).

[0044] The pump head assembly 73 is comprised of a pump body 50, a piston 51, and

a piston rod 66, An end of the pump body 50 opposite piston 31 13 open to allow for the fice

movement of the piston rod 66. The piston end nut 38 enables the piston rod 66 to move back

-14-
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and forth nside the pump body 50 while mamtaining piston rod in & concentric position
inside the pamp body. The piston end nut 38 farthermore secures O-ring 39 to the piston rod
66 and secures O-ring 60 to the pump body 50 which allows the piston rod 66 to effectively
move back and forth inside the pump body without any leakage of the pressurized fluid
contained within the pump head assembly 73, Actoation of the piston 51 relative to the pump
body 30 is caused by the movement of the lever-action handle 3. The lever-action handle is
pivotally moanted to the purop head 50 at pivot point 7. The lever-action handle 3 is pivotally
mounted to piston 31 through hink 34 at prvot point 36 and pivot poimt 55, The pump head
assembly 73 also includes the inlet assembly &, which is located in the pump bead assembly
73 and contains the inlet Huld cavity 61 and flush-discharge cavity 42,

[8045] The flow path that the floid andertakes inside the pump head assembly 73 is
dependent on the movement of the piston 51, During an upstroke, i which the lever-action
handle 7 1s moved away from the pump body 50 and negative fluid pressure 1s created at inlet
port 4, the unfiltered tluid enters the personal filtration device through the infet port located
on the inlet assembly R and enters the inlet fluad cavity 61, Duning the upsiroke, the
unfiltered thud is able to flow through the vmbrella valve passageway 62 into the pump inlet
cavity 63 since the vacuum pressure created nside this cavity causes the fluid to defoum and
pass beyond the soft umbrella valve 33 which acts as a check valve that normally covers this
passageway. The fluid remaining in pump outlet cavity 64 from the previous stroke is
pressurized during an upstroke that energizes the piston cop seal 52 and creates a seal
between inlet cavity 63 and pumnp outlet cavity 64 such that the pressurized fleid contained
within the pump ocutlet cavity 64 cannot enter the purnp mlet cavity 63, which i at vacuum
pressure.  However the flnd still comtamed within the pamp outlet cavity 64 from the
previous down stroke is forced to exit the pump head assembly 73 and proceed through the
filter influent passageway 63 1o reach the filter cartridge 10,

{0046] During a down stroke, 1in which the lever-action handle 7 1s moved towards the

pump body 2, the positive pressure inside the pump fluid cavity 63 canses the umbrella valve
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53 to retarn to 15 closed position which prevents any Huid contained within the pump tluid
cavity from being transferred to the inlet fhud cavity 61 through the umbrella valve
passageway 62. During a down stroke, umbrella valve 53 acts as a closed check valve. Since
the piston cap seal 52 only energizes in the wpstroke direction, the fhad in pump fluid cavity
63 is pressurized on the down stroke, which allows the fluid to bypass the piston cup seal and
transfer from the pump fluid cavity 63 to the pump outlet cavity 64, Simaltancously, the
volume of flutd wansferred from pump fhad cavity 63 1o pump cutlet cavity 64 proceeds
through the filter influent passageway 63 to reach the filter cartnidge 10.

10047} There are a number of alternative~-embodiment pump head assemblies that can
perform the intended function of delivering the pressurized fluid to the filter cariridge 10, and
therefore the illustrated pump assembly 73 is merely exemplary 1n nature and not tinuting of
the scope of the present invention. This task of delivening a pressunized fluid could be
accomplished using a simaple "single-acting” pump assembly, wherein moviag the piston
one direction draws material mto the puamp through the inlet port 4 and moving the piston in
the opposite direction discharges the material through the outlet port 18,

{0048} Reference 1s now made to FIG. 6-7, which are side cross-sectional views of
the filter cartridge 10 and the flow separation ead cap 16. The filter cartridge 10 15 designed
to remove microbiological pathogens present in the wnfiltered fhuid through the use of a
physical barrier mechanism and in turn includes a filter element consisting of a phurality of
hollow fiber membranes 12, an influent end 13, and a flush end 28 As shown, the bundle of
semi-permeable hollow fiber membranes 12 is longitudinally placed along the axis of the
filter cartridge 10, The fiber membranes 12 may be potted at each end 13 and 28 of the filter
cartridge 10 with polyurethane, epoxy, or other appropnate adhesive material known in the
art, The potting material that surrounds hollow fiber membranes 12 at the influent end 13
and flush end 28 may be removed in a manper, such as trimming or cutting the adhesive

material, to expose the lumens of the hollow fiber membranes.
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10049} The tlow separation end cap 16 includes a filter mlet cavity with at least one
L-shaped passageway of influent cavity 11 for radially directing the pressurized fluid to the
filter cartridge 10, an outlet port 27 for dispensing the filtered fuid to a flow separator, a
filtered fhud passageway 26 that 1s connected to the ontlet port 18, flow separation O-rings
17 and 23 that seal against cylinder portion 14 to physically separate the anfiltered and
filtered flwids that may reside within the end cap, grip 15 to facilitate the attachment or
disengagement of the end cap to the pump body 2, and a remwovable cap 6 0 prevent
contaminants from entering into the filtered flwid passageway.

10056} The filier cartridge 10 resides within the pump body 2 with the flash end 28
ortented towards the pump head assembly 73, The mfluent end 13 of filter cartridge 1015
sized 1o recenve the flow separation end cap 16, which may be installed to be removable or
permanently attached. The flash-thud cavity 41 1s created by separation between the flash
end 28 of filter cartridge 10 and the pump head assemubly 73, The filter influent passageway
65 15 created by the separation between the pump body 2 and the filter cartridge 10, The
external threads 22 of the flow separation end cap 16 mechanically secure the filter cartridge
10 10 the pump body 2. O-rings 17 and 23 limit the unfiltered fluid traveling through filter
mfluent passageway 65 to only the filter influent cavity 11 and the wtluent end 13 via L-
shaped passageway to ensure that the filtered fluid can bypass the tfilter cartridge 10 and exit
the personal filtration device through filtered fluid outlet port 18 without contamination, O-
ring 24 seals the flow separation end cap 16 to the pump body 2 whereas O-ring 25 ensures
that the flush fluid exiting from the filter cartridge 10 at the flush end 28 s directed towards
the fush-flud cavity 41 located at the base of the pamp head assembly 73, O-ring 23 ensures
that none of the uofiltered fluid traveling through filter influent passageway 65 can leak nto
the filtered fluid annelus 26 to contaminate the filtered fluid being dispensed through the
outlet port 18,

{0051} The uniiltered fluid traveling through filter influcnt passageway 65 enters the

filter cartridge 10 through the filter influent cavity 11 located on the flow separation end cap
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16 which directs the fluid towards the exposed lumens of the hollow fiber uembranes 12
located at the influent end 13, The unfiltered fluid travels through the fumens of the holtow
fiber membranes 12 towards the flush end 28 of the filter cartnidge 10, The pressure
differential between the inside and outside surfaces of the hollow fiber memwbranes 12 canses
the unfiltered fluid to permeate thvough the somi-permicable membrane into the effluent
cavity 21 located inside the filter cartridge 10. The fihiered fluid collected in the efftoent
cavity 21 exits the filter cartridge 10 through opening 27, mnto annulus 26 and into the flow
separation end cap 16 where i is subsequently directed 1o the outlet port 18,

10052} Traditional hand-operated personal filiration devices use a dead-end filiration
mode of operation m which all of the wofiltered fluid that eaters the filter cartridge permeates
through the physical barmer membrane and 15 converted into a filtered fhud. Tlas flow
configuration is problematic as eventually the membrane surface will become clogged by the
filter cake that is being formed by the particulate matter that 1s being removed by the physical
barrier from the unfiltered flaid. At some stage during the operation of the personal filtration
devices, a manual cleaning step needs to be inttiated to physically remove the filter cake that
has formed on the membrane surface. An embodiment eliminates this maneal cleaning step
by causing some of the unfiltered fluid that enters filter cantnidge 10 to traverse the entire
length of the hollow fiber membranes 12 such that 1t exits the filter cartridge through the open
tumens of the hollow fiber membranes at flush end 28, This flush-fluid motion nutigates the
formation of a filter cake inside the lumens since the flush fhuid transports the particulate
matter rejected by the hollow fibers away from the membrane surface. The flush fhud
coutaining the rejected particnlate matter that exits the filter carttidge 10 passes thvough the
flash-thud cavite 41, the fluid outlet cavity 42 and the flush valve 30 before being expelled
from the personal fltration device through the flush port 8. The fraction of the unfiltered fluid
that exits the personal filtration device through flush port 5 15 controlied by the orifice

dimensions of the flush valve 30,
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10053} Hollow hiber membranes 12 for removing microbiological pathogens typically
used in the construction of a personal filtration device can either be classified as ultrafiltration
membranes or microfiltration membranes depending on their pore size. In a disclosed
embodiment, the hollow fiber membrane 12 could either be an ultrafiliration or
microfiltration membrane. Ultrafittration hollow fiber membranes, which have a pore size of
foss than 0.05 microns, and preferentially between 0.015 and 0.025 microus, serve as a
physical barrier capable of removing virases, bacteria and protozoan cysts from a
microbiologically contaminated water source.  Microfiltration hollow fiber membranes,
which have a pore size of greater than 0.05 microns, and preferentially between 0.1 and 0.3
microns, serve as a physical bamrier capable of removing bacteria and protozoan cysis from a
contarmnated water source. Irrespective of the pore size of the hollow fiber membrane, both
membranes are able to produce potable water without negatively nmpacting the palatability of
the treated water.  Exemplary commercially available hollow fiber membranes are
constructed from polvsutfone, polyethersulong, cellulose or other materials suitable for water
purification. The hollow fiber membranes should possess an outer digmeter between 300 and
1,000 microns, and preferably have an ouwter diameter between 350 and 500 microns. The
wall thickness of the hollow fiber membranes should be between 30 and 200 microns, and
preferably between 50 and 100 microns,

10054} In traditional hand-operated personal filtration devices that wtihze a hollow
fiber membrane, the filter canridge i3 comprised of heterogencous combination of
hydrophilic and hydrophobie hollow fiber membranes. Although hydrophitic hollow fiber
membranes are appropriate for filtering fluids, such as water, they do not provide a
convenient pathway for removing entrapped air inside the filter cartridge. In a disclosed
embodiment, the filler cartridpe 10 is comprised solely of hvdrophilic bholiow fiber
membranes 12 since an alternate pathway for removing entrapped air from the filier cartridge
is provided. Entrapped aur fnside the lumens of the hollow fiber membranes 12 can be carried

by the aforementioned flush fluid used 1o self-clean the membrane as it traverses the entire
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length of the hollow fiber membrane. The entrapped atr, along with the flush fluid, will exit
the filter cartridge 10 into the fluid outlet cavity 42 before finally being expelled from the
personal device throagh the Hosh port 5. Operationally, this meang that the filter cartridge 10
does not have to be primed before the personal filtration device can used 1o the field in order
to remove the entrapped air by first “bleeding™ the trapped air o cusure proper operation.
{0055} In one embodiment, the flow separation end cap 16 provides a mechanism for
rotationally coupling the personal filtration device 1 to a container imte which the filtered
flurd can be discharged. A comtainer with a correspondmy threaded top can simply be
threaded into threaded portion 19 of the flow separation end cap 16, This eliminates the need
to use an extra person to hold the container, and eliminates the need 1o hold the filter divectly
over a container when filtering water. Alternatively, a flexible fluid hose can be inserted over
the barb 20 that is placed on the extertor of the outlet port 18 1o discharge the filtered fhud.
{0056} Reference 1s now made to FIG. 8-10, which are views of the flush valve 30 of
an embodiment, which controls the volume of the flush flmid exiting the filter cartridge 10
during normal operation of the personal filtration device | and relieves pressure that builds up
mside the filter canndge beyond a predetermuned level. Such pressure buildup may be
generally caused by clogging or some other tvpe of obstruction inside the filter cartridge 10,
which prevents normal flow of water through the filter cartridge. The flush valve 30, located
at the base of the pump head assembly 73, 1 hyvdrauhcally connected to the flush-fluid cavity
41 and the outlet cavity 42, The flush valve 30 1s comprised of bousing 32 that contains face
seal 31, which seals the flush valve to the pump body 2 at seabing surface 38, a flow-
restriction oritfice 40 that restricts the flow of Huid entering the flush valve from fluid cavity
41, a permanently attached cap 33 mounted onto a valve spring 34, and outer valve cap 385,
which includes bayonet retention connector 37 to secure the flush valve to the intet assenably
8. O-ring 39 is secured to the peniphery of the flush valve 30 on mounting surface 36 to seal
the space between flush valve and the et assembly 8 and channel fluid travel exclusively

through passageway 43 and into the flush flud cntdet cavity 42,
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10057} During normal operation, the valve spring 34 provides a predetermined
biasing force to create a seal between face seal 31 and sealing surface 38, Under normal
operation, all fluid entering flush-fhud cavity 41 is pressurized to pass through flow-
restriction orifice 40, The geometry of the flow-restriction orifice 40 may be configured such
that the traction of unfiliered fhud that s discharged from flush-fluid cavity 41 through the
flush port § is between ! and 30% - preferably between § and 10% -~ of the fluid entering
through nlet port 4. However if fhud pressure inside the filter cantridge 10 exceeds a safe,

oa from

b

predetermined level, the valve spring 34 allows seal 31 to at least partially disenga
sealing surface 38 to create a larger and less restricted flow path. Consequently, the fraction
of anfiltered thud that is discharged through the flash port 5 is temporarily increased in an
attempt to dislodge any obstroction inside filter cartridge 10 that may be preventing the flow
of fluid through the hollow fiber membranes 12, Movement of the flush fluid from fhad
cavity 41 may flow through restriction orifice 40 as well as through the less-restricted flow
path 100 accessible between seal 31 and sealing surface 38, which flows 1o the outlet cavity
42 through passageway 43, Only when the fhad pressure inside the filter cartridge 10 returns
below the predetermined level does the valve spring 34 fully re-engage seal 31 with sealing
surface 38 such that fhud flush is requived to travel exclusively through restriction orifice 40
{0058} Over the lifespan of the filter cartridge 10, the hollow fiber membranes 12
mayv begin to accumulate particulates despite the Huoid-flosh mechanism that transports much
of the filter cake out of flush port 3. As a result the pressure in cavity 41 increases but may
be still below the predeternuned level required to actuate the relief valve spring 34, Pressure
m cavity 41 may be the same as that in cavity 44, This pressure acts on a face of flow
regulating valve 45, The flow regulating valve 45 may be comprised of an elastomenc
material sach as rubber or polyurethane, As the pressure in cavity 44 increases, the flow
regulating valve 45 deforms and the diameter of the flow orifice 40 decreases. The flow
regulation valve 45 may be tuned such that pressures in the normal operating range resalts

the preferred fluid flash bypass volume of 5 and 10% of the inlet stream.
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{0059} From the foregoing, it will be appreciated that specific embodiments of the
invention have been described herein for purposes of illustration, but that various
modifications mayv be made without deviating from the spirit and scope of the invention.

Accordingly, the invention is not himited except as by the appended claims.



What is claimed is:

1. A portable liquid-filtration device, comprising:

an inlet port;

a filtering portion comprising a filtering medium and fluidly coupled to the inlet port;

a filtered-liquid output port fluidly coupled to the filtering portion;

a flush port fluidly coupled to the filtering portion;

a manually activated pump assembly fluidly coupled to the inlet port, filtering portion, output
port and flush port, the pump assembly configured, when activated, to create a negative fluid pressure at
the inlet port and a positive fluid pressure at the output port and the flush port; and

a flow-regulation valve fluidly coupled to the filtering portion and the flush port, the flow-
regulation valve having an orifice configured to decrease in diameter in response to an increase in
pressure within the filtering portion,

wherein the filtering medium is a hollow fiber membrane module;

wherein, as a consequence of activation of the pump assembly, the filtering portion receives
unfiltered liquid from the inlet port, the output port receives from the filtering portion only liquid
traversing the filtering medium in a first direction, and the flush port receives from the filtering portion

liquid traversing the filtering medium in a second direction different from the first direction.

2. The device of claim 1, wherein the flow-regulation valve is positioned adjacent a cavity fluidly
coupled to the filtering portion, wherein the flow-regulation valve is formed of an elastomeric material
having the orifice centrally formed therein, and wherein an increase in pressure in the cavity deforms the

flow-regulation valve and decreases the diameter of the orifice.

3. The device of claim 1, wherein the flow-regulation valve includes a biasing element, a seal and a
sealing surface, wherein the biasing element is configured to force the seal against the sealing surface
when pressure in the filtering portion is below a predetermined level thereby causing all liquid
traversing to the flush port to flow through the orifice, and wherein the biasing element is configured to
at least partially disengage the seal from the sealing surface to create a bypass of the orifice and to
increase a volume of liquid traversing to the flush port when pressure in the filtering portion is at or

above the predetermined level.
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4. The device of claim 1, wherein the pump assembly comprises a piston, wherein the piston forces
liquid through the filtering portion to both the flush port and output port on both of an upstroke and a

downstroke of the piston.

5. The device of claim 1, further comprising an intake hose assembly, the hose assembly
comprising a first lumen coupled at a proximal end to the inlet port, a second lumen coupled at a
proximal end to the flush port, and a screen coupled to the first and second lumens at distal ends of the

lumens.

6. The device of claim 1, wherein the first and second directions are substantially orthogonal to one

another.

7. The device of claim 1, wherein:
the filtering portion has a proximal end and a distal end,

and the inlet port and flush port are positioned at the proximal end.

8. The device of claim 7, wherein the output port is positioned at the distal end.

9. The device of claim 1, further comprising first and second ducts respectively fluidly coupling the

flush port and output port to the filtering portion.

10. The device of claim 1, further comprising a threaded end cap encompassing the output port.

11. A portable liquid-filtration device, comprising:

an inlet port;

a filtering portion fluidly coupled to the inlet port, the filtering portion comprising at least one
permeable membrane having a length;

a filtered-liquid output port fluidly coupled to the filtering portion;

a flush port fluidly coupled to the filtering portion;
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a manually activated pump assembly fluidly coupled to the inlet port, filtering portion, output
port and flush port, the pump assembly configured, when activated, to create a negative fluid pressure at
the inlet port and a positive fluid pressure at the output port and the flush port; and

a flow-regulation valve fluidly coupled to the filtering portion and the flush port, the flow-
regulation valve having an orifice configured to decrease in diameter in response to an increase in
pressure within the filtering portion,

wherein, as a consequence of activation of the pump assembly, the filtering portion receives
unfiltered liquid from the inlet port, the output port receives from the filtering portion only liquid that
has permeated the membrane, and the flush port receives from the filtering portion liquid traversing the

length of the membrane.

12. The device of claim 11, wherein the flow-regulation valve is positioned adjacent a cavity fluidly
coupled to the filtering portion, wherein the flow-regulation valve is formed of an elastomeric material
having the orifice centrally formed therein, and wherein an increase in pressure in the cavity deforms the

flow-regulation valve and decreases the diameter of the orifice.

13. The device of claim 11, wherein the flow-regulation valve includes a biasing element, a seal and
a sealing surface, wherein the biasing element is configured to force the seal against the sealing surface
when pressure in the filtering portion is below a predetermined level thereby causing all liquid
traversing to the flush port to flow through the orifice, and wherein the biasing element is configured to
at least partially disengage the seal from the sealing surface to create a bypass of the orifice and to
increase a volume of liquid traversing to the flush port when pressure in the filtering portion is at or

above the predetermined level.

14. The device of claim 11, wherein the pump assembly comprises a piston, wherein the piston
forces liquid through the filtering portion to both the flush port and output port on both of an upstroke

and a downstroke of the piston.
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15. The device of claim 11, further comprising an intake hose assembly, the hose assembly
comprising a first lumen coupled at a proximal end to the inlet port, a second lumen coupled at a
proximal end to the flush port, and a screen coupled to the first and second lumens at distal ends of the

lumens.

16. The device of claim 11, wherein:
the filtering portion has a proximal end and a distal end; and
the inlet port and flush port are positioned at the proximal end.

17. The device of claim 16, wherein the output port is positioned at the distal end.

18.  The device of claim 11, further comprising first and second ducts respectively fluidly coupling

the flush port and output port to the filtering portion.

19. The device of claim 11, further comprising a threaded end cap encompassing the output port.
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