APPLI CATI ON FOR PATENT I nventor: Meir Kugan Title: Miultiple Tank Fluid
Punmpi ng System Using a Single Punp FI ELD AND BACKGROUND OF THE | NVENTI ON 5
The present invention relates to a systemfor punping fluid from nultiple
storage tanks and, in particular, it concerns a systemfor sequentially
punping fluid fromnultiple storage tanks using a single punp. Various
systens for punping liquids fromnultiple sources to a single end point
are known in the art. TAPEg IMATIORN FOOR pagfTseparate punps for 10 each
source, and a single punp coupled wth separate on-off valves, or flow
restrictors, associated with each source. Systens utilizing separate punps
suf f er Invasworext r MeivKugand wei ght, al ong with the conplexity of nonitoring
and actuating each punp when appropriate, especially if trying to
synchr ditlee t he Mﬂnplm’gmﬂeleéﬁ‘uﬁQ)ngSwmhyUemgm SingléPubpnks at
substantially the sane tine. 15 The issues of weight, nonitoring and
actuating is also true for systens using on-off valves to control the
source of liquid flowng to the punp. Although flow restrictors do not
al | ow FIXI BANENBALK SROYNTYOF THRINVENTIONT storage tanks, they
provi de a vvay to drain tanks of different volunes at different rates such
al | ,ghge t anks, becqne enpty at substantlally the sanme tine. Wen 20
with s Presgnt ginvention lé'éat% rter af systana| fory peBwing stheigs fiogy create
enough of a pressure drop after the flow restrictor to cause the fuel to
vapor i meltiple tsteragé teaiks! dnde i pheienl i dcbbmerie spstemh fRosRuehtiilngse syst ens

are used in aircraft 1
pumping fluid from multiple storage tanks using a single pump.

Various systems for pumping liquids from multiple sources to a single

end point are known in the art. These include the use of separate pumps for

10 each source, and a single pump coupled with separate on-off valves, or flow
restrictors, associated with each source. Systems utilizing separate pumps
suffer from extra cost and weight, along with the complexity of monitoring and
actuating each pump when appropriate, especially if trying to synchronize the
pumping rate so as to empty each of the tanks at substantially the same time.

15 The issues of weight, monitoring and actuating is also true for systems using
on-off valves to control the source of liquid flowing to the pump. Although
flow restrictors do not allow for sequential emptying of a plurality of storage
tanks, they provide a way to drain tanks of different volumes at different rates
such that all of the tanks become empty at substantially the same time. When

20 used with some liquids, such as aircraft fuel, these systems may create enough
of a pressure drop after the flow restrictor to cause the fuel to vaporize in the

fuel line before reaching the pump. Some of these systems are used in aircraft

1



with the intention of punping fuel fromnultiple fuel tanks |ocated

t hroughout the aircraft while maintaining the equilibriumof the aircraft.
It is known to provide gear punps with nultiple supply ports which supply
liquid to the punp gears. The auxiliary supply ports of U S. 3083819 to 5
Mayes are configured as back-up or supplenmentary supply ports in case no,

or i nsuffiC uel ld : ' | ly port by
2 Secondir e Thtentis? of (RyIRR (ECILR MRIE e bk oM SR Y Col y

ports f Mayes receive fuel froma.single tank. The injection port of
M| es, %‘.egl.mr gdn&r,ﬂan%alemmh@mﬁlh@@ phgaisciaftyi t ed quantity of a first
liquid that will be 10 m xed with a second liquid introduced at the primary

suppl y port.ItD¢rkmgvn epgiratvidenged: piapdivies rmulrﬁFleI beppliyoportaihich t he
injected liquid is independent of the liquid flow rate caused by the gears

of the punp. :This. requires addi i onal:.q. £l ow gontrol ' t he

I njecti sg‘wrig& B@B’s‘gt.o @%é) uln?%g%}’g. th%s}lﬁﬂélﬂ gul%})g}’ ﬁor%&fﬁgga @hggh%?{) pressure
and both ports introduce liquids to the punping gears 15 during operation
of tshe Mapps atg Snid3wed as back-upl air supplementatyosupply pgetarinmasp noj ar whi ch
liquid is introduced to the gear punp via a first supply port that is

pump. eI TREER SuPPRAPNP, R Pt iy, B PR B ng vol

punp is reintro e first Supply po _ punpi ng vol une
Fi 11 ed SBgoRday srao ocal hurGaah RToth (o BITL00BY- & 1CecHR SUBOBRItbort | hat
Is connected to fuel tank. Therefore, the Aldrich systemis essentially a
ci r cul aifi Maypsirpceive Huel frefr bl sipghet tankhJheriajdctioaspannyofl MilesdU.8st from t he
system The gear punp of U.S. 3420180, to Behrends et al., receives fluid
from t woosaHH O tonfidtrdd '@ 4Ty 2 IAkEPGRARRYSS a first liquid that will be
10 mixed with a second liquid introduced at the primary supply port. During
operation of the Miles pump the flow rate of the injected liquid is independent
of the liquid flow rate caused by the gears of the pump. This requires additional
flow control dedicated to the injection process. The liquids supplied to both
ports are under pressure and both ports introduce liquids to the pumping gears
15  during operation of the pump. U.S. 2301496, to Aldrich, discloses a gear pump
in which liquid is introduced to the gear pump via a first supply port that is
connected to a pressure release valve, such that liquid pumped out of the pump
is reintroduced at the first supply port. Voids in the pumping volume of one of
the gears, after the gear has passed the first supply port, are filled by liquid
20  from the tank introduced by a second supply port that is connected to fuel tank.
Therefore, the Aldrich system is essentially a circulation pump with a refill port

that replaces any liquid lost from the system. The gear pump of U.S. 3420180,

to Behrends et al., receives fluid from two sources, and includes a ratio-change




2 passageway that provides a desired ratio of flow fromthe two sources.
This arrangenent is fine for a punp with only two supply ports connected
to two different sources, it would, however, be inoperable in systens
sequentially punping frommnultiple tanks at different rates. The

rati o-change passageway is 5 also a problemfor use with volatile |iquids

such as phitabeWhe tRat ﬂtS'g)vEHé%Sz? WeSirtd PBtio Q}'T%\?ffrélﬁ thBevRASSHIEYAYhigRY Cause

t he I|qU| d o caV|t The gear punps of prior art cited above I nclude

mul tiple su r of whi.ch econf ured to su fluid to the
goar s ofTANGHEINIS e, for.s pOpHRRth aapy Snts romated ot wi th o
consi derati on for sequenti al punping 10 from mul tiple sources. It should be

not ed t defferamtneowted,hit wbolde hafereenbednoperable ar tsys@drse sapentially
configuration whereby liquid is punped fromtwo or nore tanks at different

Pectri oheioRg WePChERinY (i A FePRal THEACD-YRbek MitsegblBV i’ liped

15 There is therefore a need for a systen1for sequentially and/or parall el
punpl ngalse amroblens fasmsmith polatide bguige svelnrs fuakiveiese thepigssurg deepi t at i on of
the liquid, utilizing a single punp having nultlple supply ports. It would

be bengkeheldah thd pAdBz&¥ ey BiRyadante ﬂié)Mdt;Lﬂﬁ thehvipatepi ng fromdi fferent tanks
at different predefl ned flow rat es woul d be of f| n-ther benefit if the

ol atform onlWHEGH RAPS S Bafir i aar Esuiiopalipis sbply Betts af'
of which are configured to supply fluid to the gears of a gear pump at all times
during the operation of the pump with no consideration for sequential pumping

10 from multiple sources. It should be noted that none of the above referenced
prior art addresses a configuration whereby liquid is pumped from two or more
tanks at different predefined flow rates by a single pump in such a way that
there is no restriction likely to give rise to cavitation of the liquid being
pumped.

15 There is therefore a need for a system for sequentially and/or parallel
pumping of fluid from multiple storage tanks, without causing cavitation of the
liquid, utilizing a single pump having multiple supply ports. It would be
beneficial if the system also provide for pumping from different tanks at
different predefined flow rates. It would be of further benefit if the system were

20  configured so as to maintain the equilibrium of the platform on which the

storage tanks are deployed.




SUMMARY COF THE | NVENTI ON The present invention is a systemfor sequentially
punping fluid from nultiple storage tanks utilizing a single punp having
mul tiple supply ports According to the teachings of the present invention
there is provided, a 5 systemfor punping a liquid frommnultiple storage
tanks, the system conprising: (a) a rotor punp having: (i) a punp housing;

(i) at St@g?%@ﬁ %W@N otor elenents deployed within the punp
housi ng; ts having a plurality of successively
I nt er-engagi ng projections, such that a dynam c seal is fornmed between

wal I's of theThemppedent snvegtiondisi 1 tysterhOfoe ngqoeadtiadlyepuapiddh dujd Gjoagt i ons;
(iii1) at least two liquid supply ports configured such that one of the at

and ancbRutPIgMstage BRLY uRRehd 4Rl i bVl SRS s etk BBt o< P 1o

anot her one of the rotor elenents; and (iv) an outlet for flow of |iquid
out of the phagordinginthe teaghings of ghe pregemidinyention)tharank proviged,i af
comuni cation 15 with the first supply port; and (c) a second liquid

St orsagesysfl Fot puriping CAMARIE kb Mukipld NRoSREORShISUPY spQehi Wher ei n

liquid i’s punped by thé first rotor eleffent frémthe first Storage tank

and liquid is simultaneousl U by the second..rqtor el enent fromthe
econd Sipmideds Ghe ORE dores hatine: B ek BoSEgHnG fast fud Jitete
invention the first inter- 20 projection volune and the second

i nt er - pngpged rotor \eddmenes aleplajictdfl withni theTheme housalg ceaghoMf thedradorcor di ng to
the teachings of the present invention a nethod for simultaneously punping
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that a dynamic seal is formed between walls of the pump housing and intcr-
10  engaged ones of the projections; (iit) at least two liquid supply ports configured
such that one of the at least two liquid supply ports supplies liquid to one of the
rotor elements and another one of the at least two liquid supply ports supplies
liquid to another one of the rotor elements; and (iv) an outlet for flow of liquid
out of the pump housing; (b) a first liquid storage tank in fluid communication
15 with the first supply port; and (c) a second liquid storage tank in fluid
communication with the second supply port; wherein liquid is pumped by the
first rotor element from the first storage tank and liquid is simultaneously
pumped by the second rotor element from the second storage tank.
According to a further teaching of the present invention the first inter-
20  projection volume and the second inter-projection volume are different.
There is also provided according to the teachings of the present

invention a method for simultaneously pumping a liquid from multiple storage

tanks so as to draw liquid from each tank at a predefined ratio of flow rates, the




4 et hod conprising: (a) providing a rotor punp having: (i) a punp housing;
(ii1) at least two inter-engaged rotor elenents deployed with in the punp
housi ng, each of the rotor elenents having a plurality of successively

i nter-engagi ng projections, such that a dynam c seat is fornmed between

wal I's of the punp 5 housing and inter- engaged ones of the projections; and

(i) of the at

| east '?1%0 qU| sup%ﬂgbg{)??gﬂ@sé’ulgégﬁféﬁmﬁ qU| daa?‘&&ﬁge@{%f(%o@ﬁ the rotor
el ements and anot her one of the at |e qui suppl ports supplies

liquid?a tdeast twoiter-enaaged rotos edements ‘ﬁ'@&%fe\ﬁo\émhriﬁ S PUiR PPWPgan out | et

for flow of liquid out of the punp housing; (b) 10 establishing fluid

connectdaoh dfetheeriton eldmits Ihasitigd asploralipg éfapkccessvélpeintéraigaghipppl y port;
and (c) establishi ng fluid connection between a second liquid storage tank

[ qui o A SEB-iteRd tymRoos! g BS0EHL gt B BLO T 8P et anc

liquid is drawn fromthe second storage tank by t he second rotor el enent,
and5a 1i®usiag mdointer-¢éngaged ames of the gudjdctdens) gndr(zannatolgastaiva hiquid r st
storage tank to a flow rate of liquid being drawn out of the second

st orag i r & he present
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i nventio two In r engaged rotor elenments are i npl such t hat
the inter-eng Jectlon of one jhe rotor elenent arg.a dlfferent
e ¢ HAPPRTRAge. Bkt ans OBUIIPEElaRS Gl AGTIE Nl 16 ot enont
such that inter-projection volunes of each of the inter- engaged r ot or

el enentlleast swdilighéd smpplytpvetsefupplies hquid tivatr lebs amothdrionei of theirogordr awn out

of the first storage tank is not equal to the flow rate of
elements; and (iv) an outlet for flow of liquid out of the pump housing; (b)
10 establishing fluid connection between a first liquid storage tank and the first
supply port; and (c) establishing fluid connection between a second liquid
storage tank and the second supply port; and (d) operating the rotor pump such
that liquid is drawn from the first storage tank by the first rotor element and
liquid is drawn from the second storage tank by the second rotor element, and a
15 ratio of a flow rate of liquid being drawn out of the first storage tank to a flow
rate of liquid being drawn out of the second storage tank is predefined.
According to a further teaching of the present invention the two inter-
engaged rotor elements are implemented such that the inter-engaging
projections of one the rotor element are a different size than the inter-engaging
20 projections of another the rotor element such that inter-projection volumes of
each of the inter-engaged rotor elements is different, therefore the flow rate of

liquid being drawn out of the first storage tank is not equal to the flow rate of

liquid being drawn out of the second storage tank.



| i quid being drawn out of the second storage tank. 5 There is also provided
according to the teachings of the present invention a systemfor
sequentially punping a liquid frommultiple storage tanks, the system
conprising: (a) a rotor punp having: (i) a punp housing; (ii) at least two
I nter-engaged rotor el enents deployed within the punp housing, 5 each of
the rotor el t ' s phu ' . SyccC WYelY Aenfrer - I ng
projections,?gﬁghﬁ%%%¥Jggggﬁ%hiéa%ggﬁgfgof%%ng%éggk§egg &%IP@Q%?gthe punp
housi ng and_i nter-engaged ones_of the projections; (iii?_at | east two
spaced Apemtion jaj wt@nsﬁppﬁegqulb' penming relquid Goppmyultiplfusterege at | east a
first rotor elenment of the rotor punp, such that a second of the at |east
two supphls, B¢ fstéh doRgsiiealgDa) hQ‘ohhfptﬁﬁ jhae¢ingo (i aqﬁum?eldu@i@: (&) enment

0 y

after the projections have passed a firs f "the supp ports; and (iv) an
outlet fqr flow of liquid,out of the p housi.pg; b) a first liquid
otor agdtdigit §6 e enbetq dplarerlemeRisCiiPelhaitin b dwh hobfhe ' st
supply port; and (c) a second |liquid storage tank of variable volune in
fludbd cacinofi that fobor elententh davog adplcality yofpsuceessihay aintervdmmaginge first 15
storage tank is full, liquidis drawm primarily fromthe first storage tank
and as b QU 4.h Is i .S so as to
0. | onELIREBAT IR 8y Rimic Ral 15 TorRl P IRASCHP Salls of B PHER
primarily from the second, storage tank. Accqrding to a further teaching of
the pr &9BpING addRtErSASRER @ngSO §@r0199t19m%&113@a ot e spacediamrtd supply

port configured to supply liquid to a second of the at |east two rotor
el ementiguid supidy poite copfigmeditbaupplyl Bqst ta at lasta Seqipbiorpderhent of

the rotor pump, such that a second of the at least two supply ports is reached by

10  the projections of the rotor element after the projections have passed a first of

the supply ports; and (iv) an outlet for flow of liquid out of the pump housing;

(b) a first liquid storage tank of variable volume in {luid communication with

the first supply port; and (c¢) a second liquid storage tank of variable volume in

fluid communication with the second supply port; wherein when the first

15 storage tank is full, liquid is drawn primarily from the first storage tank and as

the liquid content of the first storage tank is depleted so as to no longer supply

liquid to the first supply port, liquid is drawn primarily from the second storage
tank.

According to a further teaching of the present invention there is also

20 provided at least a third supply port configured to supply liquid to a second of

the at least two rotor elements of the rotor pump, the at least a third supply port

being in fluid communication with any one from a list including; the first liquid



being in fluid comunication wth any one froma list including; the first
liquid 6 storage tank, the second liquid storage tank, and a third liquid
storage tank so as to substantially fill an inter-projection spacing of
the second rotor elenment. According to a further teaching of the present
invention the first supply port supplies liquid to both the first and the
second r.qtor el nts, such that the third supply port is reached by
proj ect %t Ff’sgeotia"fh Es¥C %?’ﬂBl SLOE]. ; éﬁ“# érthiraehqlbidéf@ég@é@fﬂ( 8 the
second rotor elenent have passed the first supply port. According to a

f ur t heras tozwibstaptially fillearpinéarep©ojétioarspacingtdfahe sécondl otor dé@ehded: (a) at
| east a fourth liquid supply port configured such that the third supply

port is reac 0) ' . otar..element after the 10
proj ecti ons %?%rﬁégggc%m%ﬁg?% %@g\%ﬁgﬁg‘%\}gnﬁg’é@%"? ﬁlée 56%&%“11?9 pply port;
and (b;%%a third Jiquid storage tank of variable volune in fluid

comuni WHPlWStlﬁ“lfij trebeth the hirs and) the seeand xoter elementsgsich that fhenped by t he
first rotor elenent sequentially first fromthe first storage tank and

thed f rthind tshpplyemanih holiabby pr@e&imﬁwthlege&éluqﬁtglueie&fénk%ﬁtepﬁ}(eseCO“d

rotor elenent sequentially first from 15 the t storage tank and then
fromt . d qQrage tank. ;According to further teaching of the.
prese nl55 ??Jﬁgfeiﬁ | %ﬁtthp ﬁggqrfi 9log ‘#F’E‘ren{ ﬁ"f“fﬁgg%gtg?‘g #“’vél shERPRINPOrhe second
inter-projection volune are different. There is al so provided according to

t he teachi ndscetdingdops dusher teankimgt o thea prasehbp ihviention ehegnts alsoy punping a
liquid fromnultiple storage 20 tanks, the system conprising: (a)
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supply port is reached by projections of the second rotor element after the
10 projections of the second rotor element have passed the fourth supply port; and
(b) a third liquid storage tank of variable volume in fluid communication with
the fourth supply port; wherein liquid is pumped by the first rotor element
sequentially first from the first storage tank and then from the second storage
tank, and liquid is pumped by the second rotor element sequentially first from
15 the third storage tank and then from the second storage tank.
According to a further teaching of the present invention the first inter-
projection volume and the second inter-projection volume are different.
There is also provided according to the teachings of the present
mvention a method for sequentially pumping a liquid from multiple storage
20  tanks, the system comprising: (a) providing a rotor pump having: (i) a pump
housing; (ii) at least two inter-engaged rotor elements deployed with in the

pump housing, each of the rotor elements having a plurality of successively

inter-engaging projections, such that a dynamic seal is formed between walls of




punp housing, each of the rotor elenments having a plurality of successively
I nt er-engagi ng projections, such that a dynam c seal is fornmed between

wal I's of 7 the punp housing and inter-engaged ones of the projections;

(i) at least two spaced apart liquid supply ports configured to supply
liquid to at | east one rotor elenent of the rotor punp, such that a second

of the gt | east, two suppl orts i,s _reached. b he pr.ojecti f the
rotor e n’%lmlpé}quéplgt ?fgcpﬂﬁgﬁgg%gq%gsmfﬁv e&{gzeézhogs,f {I lifigi?agpﬁ‘ggsuppl y
ports; and (iv)an outlet for flow of liquid out of the punp housing; (b)
est abl i spracad aphxilijucd supply petts sonbguvaskte sepply Bquid tguatdeass voe sglort ank of
vari abl e volunme and the first supply port; (c) establishing fluid

conmuni j } 40 | | | une and
he secaneafoP IR, fudfriRh ik L LIRS of RSt Rt MR RS i
liquid 10 se g’entially first fromthe first séor e tank .and then fromthe
second @@e}ae&g Y thenReIegiiongi of e ROORIPMERL aBEh BG PIPINKONS AaVE | i qui d
is drawn primarily from the first storage tank and as the liquid content
of tshe pdsked a$iror efahe saplyiporisgand ¢ivish sotlesfordlow dfdigdd oswpfithe! i quid to

the first supply port, lTiquidis drawn primarily fromthe second storage
tank. 15 Accordin r chi . t,_ | ' there is
ai'so ARuOP JRHRTE o, Seatiishel it SrRuRlealifh BEERER a SHETMRE 171G

supply port configured to supply liquid to a second rotor el ement of the

rot or pstenage tank of yariahle stelume fandi the doshemipdy ot (ekestaldishing flgid | east a
third supply port and any one of: the first liquid storage tank; the
second donfiHbficatioh Hewbank R66nd lightd sfirage kirkubfl vatiabROGoIuARRKand

the second supply port; and (d) operating the rotor pump so as to pump liquid

10 sequentially first from the first storage tank and then from the second storage
tank; wherein when the first storage tank is full, liquid is drawn primarily from
the first storage tank and as the liquid content of the first storage tank is
depleted so as to no longer supply liquid to the first supply port, liquid is
drawn primarily from the second storage tank.

15 According to a further teaching of the present invention there is also
provided; (a) the rotor pump is implemented with at least a third supply port
configured to supply liquid to a second rotor element of the rotor pump; (b)
establishing fluid communication between the at least a third supply port and
any one of: the first liquid storage tank; the second liquid storage tank and a

20  third liquid storage tank.

According to a further teaching of the present invention the rotor pump

is implemented such that the first supply port supplies liquid to both the first

and the second rotor elements, such that the third supply port is reached by




According to a further teaching of the present invention the rotor punp is
i npl emented such that the first supply port supplies liquid to both the
first and the second rotor elenments, such that the third supply port is
reached by 8 projections of the second rotor elenent after the projections
of the second rotor elenent have passed the first supply port. According
to a further. teachi { I s her er vi ded: (a)
ot ereeiSigorh 8T M SR GRaR A AURE RARA R e PEORHROEY) O
supply port configured such that the third supply port is reached by

pr o ectélemeniliavierpassedt hedirsbsunplePeffent after the projections of the second
rotor elenment have passed the fourth supply port; and (b) establishing

fluid comugGaliidnidat Re@Rr deddning ofi e sresdroriagenticinkheré ivais@bl e vol une
and the fourth supply port; wherein liquid is drawn by the first rotor

I 10. ially f.i f he fi . f h
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sequentially first fromthe third storage tank and then fromthe second
st osagdiquidisupphic posti oonfigured fsuchthat tthea dhird gsupplyt ipertpiseseashed Rpent i on a
flowrate of 1iquid punped by one of the at | east two rotor elenents is

not eq . 0, | G : at | east
foo  otpiesfighuft e ek BRIt A SO Bl Aol 2
herei n descri bed, by way of exapple aonly, with ference.to Lhe
acconmp&igment daxgi pg@pdﬁ@r JPHﬁlqEﬁ@PIZ )ﬂ/’?rté %‘%e@’gt petallyshing; 0d oo di ment

of a system constructed and
communication between a third liquid storage tank of variable volume and the

fourth supply port; wherein liquid is drawn by the first rotor element

10 sequentially first from the first storage tank and then from the second storage

tank, and liquid is drawn by the second rotor element sequentially first from the
third storage tank and then from the second storage tank.

According to a further teaching of the present invention a flow rate of

liquid pumped by one of the at least two rotor elements is not equal to the flow

15 rate of liquid pumped by another of the at least two rotor elements.

BRIEF DESCRIPTION QF THE DRAWINGS

The invention is herein described, by way of example only, with

reference to the accompanying drawings, wherein:

FIG.1 is a schematic of a first embodiment of a system constructed and
20 operable according to the teachings of the present invention, having a gear

pump configured such that each of the gears pumps liquid at the same flow rate




20 operable according to the teachings of the present invention, having a
gear punp configured such that each of the gears punps liquid at the sane
flowrate 9 and having two supply ports, each supply port supplying liquid
to a different one of the gears of the gear punp; FIG 2 is a schematic of
a second enbodi nent of a system constructed and operable according to the
t eachi . r inyvept o | : gt havi ng
two supp yﬂ%‘g)l{r-l? g“@h%ﬁj%% IBF%’ |d(§1w§h(}) p?g'i{)o'}]’gkﬁ a mgf mlllhg tﬁg%??ﬂ‘%gﬁgj FIG 3
is a schematic of a third enbodi nent of a system constructed and operable
accor diong aighe gearsfdhe 868 WIMPhe present invention, configured with a
gear punp having three supply ports; 10 FIG 4 is a schematic of a fourth
enmbodi ment  gf[G3. eisps eSifithatid ¥ atseodnd eibodimemt @ha abitemnednstmicedd a system
configured with a gear punp having three supply ports; FIG 5 1is a

schemati g of fifth enbadi t qgf. m.constr rabl e
2ccor ity Gerrins wileffRge BF adhinft SIDEHORAT N 200 0RBRE T e 15
gear punp having four supply ports; FIG 6 is a schematic of a sixth

enb6di veith agiean peyngt kaving bwo supplycpertrithad peprdp lisuad to ode ggar of thee t eachi ngs
of the present invention, configured with a plurality of liquid storage

t anks Qrﬁmﬂ'“ar punp having a nunber of supply ports equal to the nunber
of storage taqks; 20 FIG 7 is a schematic of a seventh enbodi nent of the

resent invepti , . ) .
P %IE} 8nis a schematic of a third embodiment of a system constructed and

operable according to the teachings of the present invention, configured with a
gear pump having three supply ports;

10 FIG. 4 is a schematic of a fourth embodiment of the present invention,
which is an alternative of a system configured with a gear pump having three
supply ports;

FIG. 5 is a schematic of a fifth embodiment of a system constructed and
operable according to the teachings of the present invention, configured with a

15 gear pump having four supply ports;

FIG. 6 is a schematic of a sixth embodiment of a system constructed and
operable according to the teachings of the present invention, configured with a
plurality of liquid storage tanks and a gear pump having a number of supply
ports equal to the number of storage tanks;

20 FIG. 7 is a schematic of a seventh embodiment of the present invention,
which is an alternative of the system of FIG. 6, the system shown here is

configured with a plurality of liquid storage tanks and a gear pump having a

10



which is an alternative of the systemof FIG 6, the system shown here is
configured with a plurality of liquid storage tanks and a gear punp havi ng
a 10 nunber of supply ports such that the nunmber of supply ports is one

| ess than the nunber of storage tanks; FIG 8 is a schematic of an eighth
enbodi nrent of the systemof the present invention constructed and operable

accor di t t eachings pof, th 5 present inventiagn having a gear punp
with tv@gns%e%qu&%gﬁ Eogﬁguﬁlgﬁ]f"fi‘tgtﬁ?é‘ﬂmgl?ﬁkp Hple ROHS ds ongdegetha punps
liquid at a different flow rate, each supply port supplying liquid to a
di f f er &g nomberyefistorage taks;gear punp; FIG 9 is a detail of the punp of
FIG 8; FIG 10 is a schematic of a ninth enbodi nent of a system

const ruct edryg0 gapd : Lol achjngs of t resent
i nvention have a geg%ﬁ%ﬁ%gvﬁ te%héﬂé é‘slg%%({]@eégr‘)&ghg%asgm é’zetlhgqui d
storage tanks; and FIG | 1 is a schematic of a tenth enbodi ment of a

syst enPESHk MYERHAN corgtrigied Amdeopasabledacsgrdingt toetheetgathings offthehe present

i nvention having a gear punp with supply ports configured such that each

of 3 hepmsentsinvention Ihastigda HifH ey t l'i quid
storage tanks. DESCRI PTIng\Iaéce]gI%iilrEIﬁ)PRéFERRED Ew?f&@ga‘%ﬂg%{rggem

tanice. e i3t Bt/ SRR b8les SRR R 94 HBreERs Dot tomch, supphe” pr nct pl s
and operation of a systemfor sequentially punping fluid 20 fromnultiple
st or ageort simpdyimg; liquid ibg 2lifferegt enp geqrs edthegeanghumpp) e suppl y
FIG. 9 is a detail of the pump of FIG. 8;
FIG. 10 is a schematic of a ninth embodiment of a system constructed
710 and operable according to the teachings of the present invention have a gear
pump with three supply ports and three liquid storage tanks; and
FIG. 11 is a schematic of a tenth embodiment of a system constructed
and operable according to the teachings of the present invention having a gear

pump with supply ports configured such that each of the gears pumps liquid at

15  adifferent flow rate and three liquid storage tanks.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a system for sequentially pumping fluid from
multiple storage tanks .utilizing a single pump having multiple supply ports.
The principles and operation of a system for sequentially pumping fluid
20  from multiple storage tanks utilizing a single pump having multiple supply
ports according to the present invention may be better understood with

reference to the drawings and the accompanying description.
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ports according to the present invention may be better understood with
reference to the draw ngs and the acconpanyi ng description. 11 By way of
introduction, it is a feature of certain enbodi nents of the present

i nvention to provide a nethod for punping liquid fromeach one of nmultiple
storage tanks at a predefined flowrate. In this way, the equilibrium of
the platfor i r l- Oy a t not
i fed 5 1 o) ariaof dplpRuctidt 393 hoRafu? @ ATRIPETHoBHRRES B ) mpea
fromthe tanks. This will be discussed with regard to Figure 1. Another
f eat ur epresent dnventione i paovidetas methad doppeping liguichfiosm caghtame f ovi de a
punp that will punp liquid supplied by supply ports in a rank order
dependgpiltiple 5@%@8&&1@&% ipRedifinell fd\e rate PRI ﬁli@Wan?ﬂfér&uﬁﬁbﬂﬁﬂle&f on the

punp 10 housing, as w be discussed in detail bélow wth regard to

Fi gures, 2-7. .\When . u i sed, .t arrangenent of t.he supply ports
i s seqﬁlé?]ﬂ’zaéforﬁb‘é}ﬁtwal?lﬂﬁ%%g%% éﬂngﬁ@éé QFFEW el FnQubfiot ’18’1 rs in the
direction of rotation of the gear. For ease of the discussion herein, the
t er M " geaan piroyaft, wnhy bbanaineained eviale thel liguit ds pebmpedafrpnT tieotanksimp havi ng
two or nore inter-engaged rotor 15 el enments deployed wthin a punp housing,

each OfThti?ﬁrjl'i BE%SC%IS%W;@ rgg%@ﬁgtpﬁ%?ﬁl prality of successively

i nt er-engagi ng proje a dynam c seal is formed between
wal I s of said punp_housing and inter-engaged ones of said  inter-engaging
proj ections Aawtwefqamrsrcstg s@tain embgdiments of the present iwentiopns 1o gear” and
"gears" refer to rotor elenents and the term"teeth" refers to the 20

i nt er - pRGAEGE APUIRPtRatwINpumbt ligilid shgphed botsapplyportsvii heatlberdget h of the
gears

dependent on the sequence in which the supply ports are arranged on the pump

10  housing, as will be discussed in detail below with regard to Figures 2-7. When
a gear pump is used, the arrangement of the supply ports is sequential about the
circumference of at least one of the gears in the direction of rotation of the
gear. For ease of the discussion herein, the term "gear pump" will be used
generically to refer any rotor pump having two or more inter-engaged rotor

15 elements deployed within a pump housing, each of the rotor elements having a
plurality of successively inter-engaging projections, such that a dynamic seal is
formed between walls of said pump housing and inter—ehgagcd ones of said
inter-engaging projections as the rotors rotate. With this in mind, the terms
"gear” and "gears" refer to rotor elements and the term "teeth" refers to the

20 inter-engaging projections. It should be noted that while the teeth of the gears
of a gear pump are intended for, and do, transfer torque from one gear to
another, this is not necessary to fulfill the principles of the present invention.

That 1s, each of the rotors of the present invention may be driven by any

12



of a gear punp are intended for, and do, transfer torque fromone gear to
another, this is not necessary to fulfill the principles of the present
invention. That is, each of the rotors of the present invention may be
driven by any 12 appropriate nethod, and the inter-engagi ng projections do
not need, in all enbodinents, to transfer torque fromone rotor to the

nvent i BiprpRrifgoliPiod GBI B HhefEheRiarBRRITRA & Yot R a1 om

different storage 5 tanks. That is, the flowrate of |iquid being punped
by one ¢mbodimsnésigatrapsier kerqpe o enasetosdeithe atberhe fl ow rate of anot her
rotor elenent of the punp. When a gear punp is used, this is acconplished

by confi gurigg eaethepffedthe 8f8E%aifiUshbodiftiRhtd bftﬁeleﬁfelaeﬂnﬁvbﬁﬁoﬁ@@ce bet ween

teeth is different for each of the gears, as w Il be discussed below with

regard to Figures 8-11. 10 Regarding.the |iquid, stor tapks, in systens
Conti qupaovtle % difreeintiah fant fes, 6 tonis mtfned Bosh AlTeieALirage tank | <
suitable. In the system configured for sequential punping, it is

pr efSer ahnhles. (Tt ise gled flotv tateeobhiquiddeing pokpel dycand fagor eldneat aftieo have a
vari abl e volune, such as, by non-limting exanple, the collapsible fuel

eampl PP GEpOsh B FEARAOR 3o oLARINES rd(BFGEmenf of IObAITD. By ' 11O

novabl e wall such as a piston. It should be noted that the storage tanks
of t he ageas pHmp wwsed; bis wagcomplisked by srafiguring sreh pbthergrarssustage of
other liquids such as, but not limted to, pesticides and fertilizers, and

te Eﬁi Blrjre rn?]etat thelte&th dRlytheephde bbtwcdnCosiiUigi diffetedin fot Edch bPthecyan®l & spraying
will be discussed below with regard to Figures 8-11.

10 Regarding the liquid storage tanks, in systems configured for parallel
pumping substantially any liquid storage tank is suitable. In the system
configured for sequential pumping, it is preferable that each of the storage
tanks be configured so as to have a variable volume, such as, by non-limiting
example, the collapsible fuel tanks, typically referred to as “bladder tanks”.

15  Another non-limiting example of variable volume fuel tank may be a tank with
at least one movable wall such as a piston. It should be noted that the storage
tanks of the present invention may be fuel tanks or tanks for the storage of
other liquids such as, but not limited to, pesticides and fertilizers, and the pump
outlet may be in fluid communication with, for example, spraying equipment.

20 The system of the present invention is well suited for use with fuel
systems in aircraft where balance of the vehicle is important. The system of the

present invention provides for the sequential pumping of tanks in any required

order, for example drawing from outlying fuel tanks before tanks deployed at
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20 The system of the present invention is well suited for use with fuel
systens in aircraft where balance of the vehicle is inportant. The system
of the present invention provides for the sequential punping of tanks in
any required order, for exanple drawing fromoutlying fuel tanks before
tanks deployed at 13 or closer to the aircraft's center of bal ance.

e b DS AR 0 PP 505, R gy 1T

requi rements of a particular application. The outlying fuel tanks may be
| ocat edsequences radpark oider @déankstirahevhich diguid isgrumpedmayevagy aBdihe tail and
forward sections of an airplane or helicopter. Further, if concurrently

punped dAa¥Finad DaSdd oh theFQMiretRink'BE a paricdIf a SRR, The kG t

stability, 1t Iis preferable that the two tanks enptied at Substantially

t he sa tipge, th ste f the present. inventi,on be configured to
punp cctofl Bk iy be IRcated, far gxapalce i cplb @ Maf ingpOt Ap @i be not ed
that the principles of the present invention nmay be equally beneficially

appl5i edht otaibtad donkirddestigomd dfo anpaiplaneb@r hhblitapteandurther,t e sur f ace
of the water. Figure 1 illustrates the feature of punping liquid from each

or s oot RO RR Bk CR £ Rt SR O oot B bl BERGARTD 1 o1 v o
enbodi nent__of the present invention includes a punp 200, which may be
i npl emstabalityadt is pyefgrable dhgs the typ denksile eoplied agwh%almélydhe Sp0® each
configured to supply liquid to one of the gears of the punp, 202 and 204
respecttini€l the sySenp6fiie pRegBntSitvehiion may be configured to pump each of
the tanks at a different flow rate.
10 It should be noted that the principles of the present invention may be
equally beneficially applied to water craft designed to operate both below and
on the surface of the water.
Figure 1 itlustrates the feature of pumping liquid from each one of
multiple storage tanks at a predefined flow rate according to the present
15 invention in its simplést configuration. This first preferred embodiment of the
present invention includes a pump 200, which may be implemented as a gear
pump, having two supply ports 206 and 208 each configured to supply liquid to
one of the gears of the pump, 202 and 204 respectively. The gears then supply
to a common liquid outlet 220. In should be noted that while all of the preferred
20 embodiments of the present invention discussed herein share the feature of a
single common outlet, this is not intended as a limitation to the present

invention, and implementation of a pump with multiple outlets is within the

intention of the present invention. Supply port 206 is in fluid communication
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to a common liquid outlet 220. In should be noted that while all of the
preferred 20 enbodi nents of the present invention discussed herein share
the feature of a single common outlet, this is not intended as a
limtation to the present invention, and inplenentation of a punp with
multiple outlets is wthin the intention of the present invention. Supply

port 208, Ixazlggf&wagquﬁ?ﬁdpgncaha%ﬁp% pb&mds Mfﬂﬁicpe@ﬂ@nﬁlﬁehl&lo and

supply port conmmun wth liquid storage tank 212.
When bot h, of the storaet nks_are full | at f orm on t he tanks
are depWbleldquid ydarags, aﬁ@it Mﬁrﬁwgaﬂ% SfLE &’EJB’E'J&? arg \Qﬂgt e. Random
depl etion of the storage tanks may cause 5 inbalance and a | oss of

st abi | i g14tforkh eo URicROthe mnénegdé?ld)yedc Ruthhais, Ibuguaal limitedrtayva f r om each
of the storage tanks at substantially the sane flow rate. Therefore, the

<t or sodiishREre e KA dehefy 4 e SHEE, ksl TRl U1 11

i ndependent of the fluid flow inpedance of the tanks, thereby nai nt ai ni ng
t he 510 itrdiatemce anid 4 hassof] statolityeLhel pump@oalpmonﬁgﬂredn@qhtthﬂﬁi;qw pref erabl e
to deplete the liquid in the storage tanks at predetermned different flow

rates, % RtrSwi! ﬁﬁ?lbéachdbﬁﬁi’es§ﬁﬁa%g ERNs Vit ﬁb&ﬁﬁﬁﬁﬂy tthe Ragi¥ Bo%: rdfef erri ng now

to the Feature sequent | al y ports, Figure 2 schematically
illustragtes_a s referre ofIhe rese I nventi.on 15 Cear
punp Z]ﬁ%efi‘)\'i\% tg §BWE$H?§?ﬂgIH 8 H\’ee%’ﬁﬁééé)fil 3 d from
storage tank 8 and supply port 6 recel ves I|qU| d fromstorage tank 10. As
gear Y thet atozage tthrkd adiahgd? apasbstantialypiey spmet satensulestardiatly. That i s,

the teeth 12

independent of the fluid flow impedance of the tanks, thereby maintaining the
10  balance of the helicopter. In some applications it may be preferable to deplete
the liquid in the storage tanks at predetermined different flow rates, this will be

discussed below with regard to Figure 8.
Referring now to the feature of sequential supply ports, Figure 2
schematically illustrates a second preferred system of the present invention.
15 Gear pump 2 has two supply ports 4 and 6. Supply port 4 receives liquid from
storage tank 8 and supply port 6 receives liquid from storage tank 10. As gear
20 rotates, the teeth 12 pass the supply ports in sequence. That is, the teeth 12
of gear 20 first pass supply port 4 and subsequently pass supply port 6. As the
gear 20 rotates, each successive inter-tooth volume 14 of the gear is filled with
20 liquid supplied by supply port 4. The term "inter-tooth volume", and on a
generic level the term "inter-projection volume", as used herein refers to the

space between adjacent gear teeth, or inter-engaging projections, enclosed by

the walls of the pump housing. In this embodiment, as in substantially all
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of gear 20 first pass supply port 4 and subsequently pass supply port 6. As
the gear 20 rotates, each successive inter-tooth volunme 14 of the gear is
filled with 20 liquid supplied by supply port 4. The term"inter-tooth

vol une”, and on a generic level the term"inter-projection volune", as
used herein refers to the space between adjacent gear teeth, or

| nter- g@%gain@&]@ 'b?jﬂ?t?gi"égeﬂ1 in@@ﬂt!i&ﬁ,qﬂidoﬁ)‘rleférhblyvﬁir lthe dfstdrive hetwperhousi ng. | n
(0] a

this e Iment, as 1h substantially 15 enbodi nents of the present

invention, it is preferably for the dista t each -of .-t he
succes&¥hie of 1B SHCFBISTE § EIMCRO‘%%E‘F £ ?ﬁ%l ﬁ’%c I‘?I():El[[llltﬂgggtl et ween the
inter-tooth volune and each supply port be term nated before fluid
comunb&ateeanhé ntestoith ivehene and bacthsuppdx postbeclesminated betors flyid t |
Therefore, 5 when the now filled inter-tooth volune 14 reaches, that is,
cones into fl Ui ' ' .t ; STR&efael y no liquid
IS | nt?%‘ﬁlgg&%‘i&ﬂp oﬁ%%%% ﬁ%ﬁﬁmo%ﬂteh&\%?g%&%ﬂe%gg ??}% armug?leof l'iquid
remaining in storage tank 8 is depleted to adaevel t hat .tre i nfer-tooth
volumewhén ithe mow ilgdr interrtoeth molusng, dbyreaphes, that 1s; oGS Q ﬂb‘é‘gi nh to be
i ntroduced to the inter-volune 14 by supply port 10 6, thereby punping
liqui ﬁéﬂr@iﬁ‘nﬁaﬁbﬁgﬁitﬁ,@ﬂﬁp%oﬁ lsafubkantishte Rotliwid ivmagedutahinto ghe ont ai ns

e

dr awa lquid, liquid'is drawn prinmarily fromstorage tank 8, and as the

| i quid content aof st e tank 8 i . At . supply

1 qui dnie-eapygopty T4 29 feicao b of SR Rindfim e 0BT P0RY, 1
should be noted that the size of each storage tank does not e]fect t he
oper at depletod to elevdl thas thanintamwoth yoluane Adugmai lengeighiled dyrsapp!® i s
illustrated as |l arger than tank 10, the two tanks coul d be of equal vol une

or tank, 19 B WAL bEES toWedRtrodlicéd'® the inter-volume 14 by supply port

D/

10 6, thereby pumping liquid from storage tank 10. That is, when the storage tank
8 contains drawable liquid, liquid is drawn primarily from storage tank 8, and
as the liquid content of storage tank 8 is depleted so as to no longer supply
liquid to supply port 4, liquid is drawn primarily from storage tank 10. It should
be noted that the size of each storage tank does not effect the operation of the

15 system. That is, although in Figure 2 tank 8 is illustrated as larger than tank 10,
the two tanks could be of equal volume or tank 10 could be the larger of the
two. This is true also for all of the systems of the present invention discussed
herein. That is, it is the sequential order of the supply ports rather than the size
of the tank that affects the pumping order.

20 The third preferred embodiment of the present invention illustrated in
Figure 3 is configured with a gear pump 30 having a third supply 32 port in
fluid communication with tank 36 such that liquid is pumped concurrently from

tank 34, through supply port 38, and tank 36, through supply port 32, until
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two. This is true also for all of the systens of the present invention

di scussed herein. That is, it is the sequential order of the supply ports
rather than the size of the tank that affects the punping order. 20 The
third preferred enbodi nent of the present invention illustrated in Figure
3 is configured with a gear punp 30 having a third supply 32 port in fluid

conmmuni¢at:-lhon W g | QUL d A ONCYr y from
Fank s4TbHAS agonghEPoingarPPEEe 18 Shebbos SRR GIBERIE A Y 35T i
16 liquid is no |onger being supplied to supply port 38 from storage tank
34. At sushdime,iliguid i gumaed%rqmﬂggaw tak 34 tiraggh batksawly mossgi? bot h
supply ports 30 and 38. Wth the punp operating, substantially continuous
punpi nGinaf 38,1 Wiihdtheahing ogepaﬁtﬁg)tsuaétwti@waéﬁﬂmuéds%m iy bBligawur ed as

p

long as liquid 1s being supplied. Figure 4 illustrates a fourth
preferred enbpdi ne that is varj ant enbodi nent of ..a three supply port
syst em3@ ‘l‘ﬁé‘gﬁ@’été&h COR¥tant f@h" Ialer 15, oy ‘fff&srﬁpgrﬁsspﬂ}l B 58%%4 i s
supplied to both gears of the gear punp 50 through supply port 52. Once

| i qfi d supplied.l onger being supplied through supply port 52, 10 liquid
begins flowi ng fromstorage tank 56 through supply ports 58 and 60. The

fifth prefenrs: e ' fe ELgu | %!“Hg%ﬁ havi ng four
suppl y portglg%g ?ﬁﬁ@é@%u&fogﬁgrg@é‘%g@nks m%gggﬁét Eszgpgfz%rugge tank 74
is in fluid conmunication with sup?Iy %ort 78; storage tank 76 is in fluid
comuniBdodgrens efa thige Fypnip portaysten of heprsgentiangntgon. iHerenliquidi g 15
comuni cation ports 80 and 82. Wen operated, the punp wll first punp

from storage tank 54 is supplied to both gears of the gear pump 50 through

supply port 52. Once liquid is no longer being supplied through supply port 52,
10  liquid begins flowing from storage tank 56 through supply ports 58 and 60.

The fifth preferred embodiment of Figure 5 includes a gear pump 70
having four supply ports and three liquid storage tanks 74, 76 and 84. Storage
tank 74 is in fluid communication with supply port 78; storage tank 76 is in
fluid communication with supply port 72; and storage tank 84 is in fluid

15 communication ports 80 and 82. When operated, the pump will first pump
liquid supplied to ports 72 and 78 from storage tanks 76 and 74 respectively.
When liquid is no longer supplied to supply port 72, liquid will begin to flow
through supply port 82, thereby drawing liquid from storage tank 84. Similarly,
when liquid is no longer supplied to supply port 78, liquid will begin to flow

20  through supply port 80, thereby drawing liquid from storage tank 84. In this
embodiment, as in some of the other embodiments, of the present invention,
substantially continuous purﬁping of liquid and a substantially constant flow

rate is ensured as long as liquid is being supplied.
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liquid supplied to ports 72 and 78 from storage tanks 76 and 74
respectively. Wen liquid is no |onger supplied to supply port 72, liquid
will begin to flow through supply port 82, thereby drawing liquid from
storage tank 84. Simlarly, when liquid is no |onger supplied to supply
port 78, liquid will begin to flow 20 through supply port 80, thereby

drawing liquid fromstorage tank 84. In this enbodinent, as in sone of the
ot her enbod M‘sﬁe BPPIEeﬁE‘%Tﬂ that the pypber jof rsequentialtswpplappsts ©8rhée nuous

punping of liquid and a substantially constant flow rate is ensured as
| ong aprbsephinyensionds hignisetbphlydsy: praétitdlityias|debqniined BGithé side fdke t he nunber

of sequential supply ports of the present inventionis |imted only by
practi It er L. f the ot or pu used. To

] Pt O By GRUCTTD BRGuDNe RS, BUEE Pladto sh8vgrs BB aiisBaretne o a
system of the present invention with a gear punp 100 having 5 six supply

ports, cihodineningl § spgemsobhequesant dnvintioncaith ogearpmmpvd 00 &avingof t he
gear punp, and six storage tanks each in fluid conmunication with a

di § er eixt supplippbits ABikde sUPHIP Pgﬁﬁﬁss?fﬁ?atéé vﬁﬁ?%r%fﬂtfgypkge%&?p% hetort 104,

which is in fluid comunication wth storage tan uppl'y port 106,
which is in fluid, co ni cation wth_storage tank, 120;_ and supply port
108, V\ﬁjg%{rPlfrqu g pix O%eclﬁﬂffﬁjﬂ? in; fpid gommunisatioa withla differents” a resul t
of this sequence of supply ports, liquid is drawn sequentially first from
st or ag8uppdy pott2 Pumpheear fl02ris astovized wikndupp partdl 04) evhiél Rnntfaiil 124.
Simlarly, punp gear 110 is associated with supply port 112, which is in

5 TG SheERE LAmob o ! WD K e 12

communijcation with storage tank 120; and supply port 108, which is in fluid
10 communication with storage tank 124. As a result of this sequence of supply
ports, hiquid is drawn sequentially first from storage tank 122, then from
storage tank 120 and then from tank 124. Similarly, pump gear 110 is
associated with supply port 112, which is in fluid communication with storage

tank 128; supply port 114, which is in fluid communication with storage tank

15 130; and supply port 116, which is in fluid communication with storage tank
126. As a result of this sequence of supply ports, liquid is drawn sequentially

first from storage tank 128, then from storage tank 130 and then from tank 126.

A seventh preferred embodiment, which is a variant of the sixth

preferred embodiment of Figure 6, is illustrated in Figure 7. Here, supply ports

20 108 and 116 are both in fluid communication with the same storage tank 140.
In this configuration, liquid will be pumped by pump gear 102 sequentially

from storage tank 122 and 120 and then liquid will be pumped from storage

tank 140. Similarly, liquid will be pumped by pump gear 110 sequentially from
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15 130; and supply port 116, which is in fluid conmunication with storage
tank 126. As a result of this sequence of supply ports, liquid is drawn
sequentially first fromstorage tank 128, then from storage tank 130 and
then fromtank 126. A seventh preferred enbodi ment, which is a variant of
the sixth preferred enbodi ment of Figure 6, is illustrated in Figure 7.

came’ stibagt B2 U288 136 A HAGE Il Be Al ol FOHLERAICT "L

gear 102 sequentially fromstorage tank 122 and 120 and then_ liquid wl|
be punpdd®. Hasmteeosuhstantiablkcontinuoss pumping of | liapd endi 3 subdagtiathed by punp
gear 110 sequentially from 18 storage tank 128 and 130 and then liquid wll

be pumRedsahP MW OfadGs te’alfaﬁredlé@_-]o{igr@s Iie@id Sy sdiaR tsupplikd Cafthbauous

punping of Tirquid and a substantially constant flow rrate is ensured as
long as_liquid is bejng supplied without changing the speed of the punp. 5
Regar dichanging the sp O%‘i‘e@%’m'di ng differential flowrates of |iquids
punped fromdifferent storage tanks, the eighth preferred enbodi nent of the

preSent i nv&ugandingi theufdatiateof iprovding differential dldws ratesuap liguidsch is shown
in detail in Figure 9. Also included in the systemof this enbodi nent are

two | iguid;s a . - L L QUi pplied to
suppl ybﬂwp %grﬁrg%ggrég%&k%}%%gt@%ﬁérgeeﬁ%mpﬁ%@v%%%&e)gﬁﬁggglgﬁg fg%d 308 have
different sized gear_teeth. That is, the circunferentjal |ength 310 of the
t eet h, peasenhimsientiongdBistrgtedr iy Bigpre 8s mdpdefed Pury), Wiich s shewdni 308 i s

| onger than the <circunferential |length 312 of the teeth of gear 306.

Li kew getailt fieFigure 9. Also included in the system of this embodiment are two

liquid storage tanks 320 and 322. In order to pump liquid supplied to supply
10 ports 302 and 304 at different flow rates, gears 306 and 308 have different
sized gear teeth. That is, the circumferential length 310 of the teeth, or inter-
engaging projections, of gear, or rotor element, 308 is longer than the
circumferential length 312 of the teeth of gear 306. Likewise, the
circumferential length of the inter-tooth spacing 314 and 316 between adjacent
15 teeth of each of the gears corresponds to the circumferential length of the teeth
of the other gear, or rotor element. That is, the inter-tooth spacing of the teeth
of each gear is a distance that will accommodate the corresponding teeth of the
other gear. Thusly configured, the inter-tooth volume of each of the gears is
different; therefore, liquid is pumped by each gear at a different flow rate. As
20 illustrated here, liquid is pumped out of storage tank 322 by gear 306 at a
higher flow rate than liquid is pumped out of storage tank 320 by gear 308. The
flow rate ratio is determined by the size of the inter-tooth spacing of each of the

gears. Although pumping at a flow rate ratio that will empty both of the storage
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circunferential length of the inter-tooth spacing 314 and 316 between
adj acent 15 teeth of each of the gears corresponds to the circunferenti al
|l ength of the teeth of the other gear, or rotor elenment. That is, the
inter-tooth spacing of the teeth of each gear is a distance that wll
accommodat e the corresponding teeth of the other gear. Thusly configured,

1 aui o ks e R e B e P (REPET g LA o O] DT o e

here, liquid is punped out of storage tank 322 by gear 306 at a higher
f1 ow r ante ratin mayqbe destablishap eatcouding ftosther raguinemeats2f dparficlarzos. The
flowrate ratio is determned by the size of the inter-tooth spacing of

each Ofaptrt)P@ati(ﬂFﬁchrth SPRUQT tha Bk S St bdebidd bafdte 1R bthekhat wil | enpty
bot h of e storage 19 tanks at substantially the same tine may be

preferred, substantially any flow rate ratio be established according
to the requi® tRretared em 9¢@Eﬁ%r°faaa5ﬁt?@a?ﬁg’r,a?y@i?é?f“tlﬂé{?mé?’?’r?egr of the

tanks nmay be enptied before the other. A ninth preferred enbodi nent of a

syssemillistidied it Bitiné 10nisecunfipurediwithba gedrysimp 280 havitg two sufiply i s
configured with a gear punp 230 having two supply ports 238 and 240, which

supply i gu.d .t 2 2 ' ply port
235, wRoeR 38 B R b HRERY g P AR ot R umbdt aRHRE V50T
gear 244 rotates, the teeth pass, and establish fluid communication wth,
each othirtsupplypport 3321 whicls suppliczdiuid tedhe otler, 26ar 246 eHthg,geary port 238
and then supply port 240. Since the teeth of the two gears 244 and 246 are

oo PRIERL TS ke ursale, ol oui g, gl e, 1 gher
communication with, each of the supply ports 238 and 240 in sequence, first
10 supply port 238 and then supply port 240. Since the teeth of the two gears 244
and 246 are of different sizes, the flow rate of liquid pumped by gear 244 is
higher than the flow rate of liquid being pumped by gear 246. Supply port 232
is in fluid communication with storage tank 236, supply port 238 is in fluid
communication with storage tank 234 and supply port 24 is in fluid
15 communication with storage tank 242. When the pump is operated, liquid is
drawn concurrently from tank 234, through supply port 238, and tank 236,
through supply port 232. When storage tank 234 is full, liquid is drawn by gear
244 primarily from storage tank 234, and as the liquid content of storage tank
234 is depleted so as to no longer supply liquid to said first supply port, liquid
20  is drawn by gear 244 primarily from storage tank 242 through supply port 240.

Configured thusly, tank 234 may be emptied and liquid will begin to be

pumped from tank 242 before tank 236 is emptied. The flow rate ratio of the

20



is in fluid conmunication with storage tank 236, supply port 238 is in
fluid comrunication with storage tank 234, and supply port 24 is in fluid
15 comruni cation with storage tank 242. \Wen the punp is operated, liquid
is drawn concurrently fromtank 234, through supply port 238, and tank
236, through supply port 232. Wien storage tank 234 is full, liquidis

cont ont 2 ey, 86 delRlci L torkk PRl 23 bR of St BNGHBEICEI V1 qui o

to said first supply port, liquid 20 is drawn by gear 244 primarily from

st or agelMg K opg mashewphhbefoppihg giber 240.  Configured thusly, tank 234 may
be enptied and liquid will begin to be punped fromtank 242 before tank

236 is enptiEsh tehile préfyredadmbbd@incit Af theeréferl SAYVERERY aP&he&h fHch that
tanks 242 and 236 enpty at substantially tthe same tinme or one nay enpty

bef ore 4.he_ ot het he tenth preferr.ed enbodi nenf of the. present invention
as shovélgm tlg &Eﬂslmf? 4 ff}isffg?r%’t‘%l%mgl% o FlHFﬁg)ftﬁ@ PFSeRe f eat ur es
of the present 5 invention nentioned above, nanely sequential punping from

nul 6i plisvertiimnamentiomids abaite, diafrfedy sequenttialvpuaipiisg fwnasnitlaphestotaien t he
equilibriumof, for exanple, an aircraft. The stability requirenents of

the aig f Lt BgRess i-al i us..e hng of
l'i qui d,téipér%’ thrhe caglztl ﬁ‘gﬁ? égt%gr%;@s@?r&éslﬁ th%faggwr&%%gbfoé‘s 0 é‘?fpty at
substantially the sanme tinme, and substantially 10 only then to punp fuel
from s@Br A§erathnKlhe ostabilisy e resparemands gebr theatgireinft 4isgessitate e f er ent

inter-tooth spacing with a flowrate ratio such that storage tanks 414 and

416 wi bibstamiatlyasinfullasicend ealptyinghef Head, i MBe ci¥efudlUstorhge fnksonger
414 and 416 so as to empty at substantially the same time, and substantially
10 only then to pump fuel from storage tank 420. Therefore, the gears 402 and 404
have different inter-tooth spacing with a flow rate ratio such that storage tanks
414 and 416 will empty at substantially the same time. When fuel is no longer
supplied to supply ports 406 and 408, fuel will begin to flow through supply
ports 410 and 412, thereby pumping fuel from storage tank 420. By supplying
15 fuel to both gears 402 and 404 of the pump, the flow rate of fuel flowing
through the pump outlet 422 to the engine will remain substantially constant
even though fuel is now being pumped from a single fuel tank without
changing the speed of the pump. As previously mentioned, in this embodiment,
as in some other embodiments herein described, substantially continuous
20 pumping of liquid and a substantially constant flow rate is ensured as long as

liquid is being supplied.
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supplied to supply ports 406 and 408, fuel will begin to flow through
supply ports 410 and 412, thereby punping fuel from storage tank 420. By
supplying 15 fuel to both gears 402 and 404 of the punp, the flow rate of
fuel flowng through the punp outlet 422 to the engine will renmain
substantially constant even though fuel is now being punped froma single

fuel tank withaut, changl t eed of ,the punp. As previously nentioned,
i n thi o enbdhrinbe SPRE S DR S ssthpBo aneoubided Sty ed,
substantially continuous 20 punping of liquid and a substantially constant
fl ow r aeeve s ersmphs @l Homgnasy othenuimbodimeaingres ppgsibledvitRih e wi | | be
appreci ated that the above descriptions are intended only to serve as
exanpl es; t i ts are possible within the spirit
and thgﬁél?g%’gt@%?@%ﬁ@%@ﬁ“?‘%ﬁgﬁi 22 WHAT I'S CLAIMED IS: 1. A system
for punping a liquid fromnultiple storage tanks, the system conprising:
(a) a rotor punp having: (i) a punp housing; (ii) at least two

i nter-engaged rotor el enents deployed within said punp housing, each of
said rotor elements having a plurality of successively inter-engaging
projections, such that a dynamc seal is fornmed between walls of said punp
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housi ng and i nter-engaged ones of said projections; (iii) at |least two
liquid supply ports configured such that one of said at least two liquid
supply ports supplies liquid to one of said rotor elenents and anot her one

of said at least two liquid supply ports supplies liquid to another one of
said rotor elenents; and (iv) an outlet for flow of liquid out of said

punp ho | iquid storage tank in fluid comrunication with
sai d flw%sﬁgm%ﬁﬁgand (c) a second liquid storage tank in fluid
comuni cat i on with said second supply port; wherein liquid is punped by

said first tor el enent from,ssaid f|r t storage tank and liquid is
si mul taneous v Ph P BOr PHMPIREG ¢ W tfﬁ?mellwg‘ﬂﬂﬁ tprages tanks, decond

storage tank. 23 2. The systemof claim1, wherein said first
inter- my@temtomprmﬁigurre and said second inter-projection volunme are
different. 3. A nethod for sinultaneously punping a liquid fromnultiple

Flow rat es. rt‘fﬁies"%@%%@nﬁs%ﬁn‘&qﬁ'gd () broviding a rotor pump having: (i)
a punp hou5| ng; (ii) at least two inter-engaged rotor el enents depl oyed
with in (1) a pump housing;

(ii)  at least two inter-engaged rotor elements deployed within
said pump housing,_ each of said rotor elements having a
plurality of successively inter-engaging projections, such
that a dynamic seal is formed between walls of said pump
housing and inter-engaged ones of said projections;

(iti)  at least two liquid supply ports configured such that one of
said at least two Iiquid supply ports supplies liquid to one
of said rotor elements and another one of said at least two
liquid supply ports supplies liquid to another one of said
rotor elements; and

(iv)  an outlet for flow of liquid out of said pump housing;

(b)  a first liquid storage tank in fluid communication with said first
supply port; and
{¢) a second liquid storage tank in fluid communication with said
second supply port;
wherein liquid is pumped by said first rotor element from said first storage tank
and liquid is simultaneously pumped by said second rotor element from said
second storage tank.
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sai d punp housing, each of said rotor elenents having a plurality of
successively inter-engagi ng projections, such that a dynamc seal is
formed between walls of said punp housing and inter-engaged ones of said
projections; and (iii) at least two liquid supply ports configured such
that one of said at least two liquid supply ports supplies liquid to at

| Fawi o suppl 3 poereRhaf B, SufAep SRt ARG sAeoR R BRme R 4 Yot or

elenments; and (iv) an outlet for flow of liquid out of said punp housing;
(b) estssikd sedenddnfer-projectiomaolume aseditiseanta first 1iquid storage tank and
said first supply port; and (c) establishing fluid connection between a
second liquid storage tank and said second supply port; and 24 (d)
operating said rotor punp such that liquid is drawn fromsaid first

storage tank3 by ggitbdl for simaRirouslyep@npingnolidnidUiroini imuliipdswtofagem  sai d

second storage tank by said second rotor element, and a ratio of a flow
o 11 ekt St i oo eath Rk B A bl AREERARERE ABY iyl ng (7 °
The nethod of claim3, wherein said two inter-engaged rotor elenents are
i npl eman¢thdd soniprisiieg: sai d i nter-engagi ng proj ections of one said
(a)  providing a rotor pump having:
(i) a pump housing;
(ii)  at least two inter-engaged rotor elements deployed with in
said pump housing, each of said rotor elements having a
plurality of successively inter-engaging projections, such
that a dynamic seal is formed between walls of said pump
housing and inter-engaged ones of said projections; and
(iii)  at least two liquid supply ports configured such that one
of said at least two liquid supply ports.supplies liquid to at
least one of said rotor elements and another one of said at
least two liquid supply ports supplies liquid to at least
another one of said rotor elements; and
(iv)  an outlet for flow of liquid out of said pump housing;
(b)  establishing fluid connection between a first liquid storage tank
and said first supply port; and

(¢)  establishing fluid connection between a second liquid storage

tank and said second supply port; and
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rotor elenent are a different size than said inter-engaging projections of
anot her said rotor elenent such that inter-projection volunes of each of
said inter-engaged rotor elements is different, therefore said flowrate
of liquid being drawn out of said first storage tank is not equal to said
flowrate of liquid being drawn out of said second storage tank. 5. A

system for sgquent i - | | gui . L anks, the
system conpr‘i‘%@i ng:IIJ é?g‘l)ﬂ%géig?g{rbgﬁﬁrlﬁé ﬂ%a\;lld%lé{ H&%H]){L gﬁ-&ﬁpﬁ%ﬁ%é@?%& (ii) at
| east two inter-engaged rotor elements deployed within said punp housing,
each of said rot oftowagetenk bymsaid figstaotas element gndiiquidisedremnetrom

i nter-engagi ng projections, such 25 that a dynam c seal is fornmed between

wal I's of said punpid fueningorape tark By sA0SRE6HE RNESclechRi dd AiRCt i ons;  at
| east two spaced apart |iquid supply ports configured to supply liquid to

at least a first rotar elenept. of, said yotor .p uch that a,second of
Said at 1 oast tudAPBPyRORL LatidDeing dretn pt O PRI SPE TS sai d
rotor elenent after said projections have passed a first of said supply

ports; and (iv) do aflbhetatéaf liquod befing idgawnl ombtofafaids aécbnplustpordpeusi ng; (b)
a first liquid storage tank of variable volune in fluid

tank is predefined.

4. The method of claim 3, wherein said two inter-engaged rotor
elements are implemented such that said inter-engaging projections of one said
rotor element are a different size than said inter-engaging projections of
another said rotor element such that inter-projection volumes of each of said
inter-engaged rotor elements is different, therefore said flow rate of liquid
being drawn out of said first storage tank is not equal to said flow rate of liquid

being drawn out of said second storage tank.

5. A system for sequentially pumping a liquid from multiple storage
tanks, the system comprising:
(a)  arotor pump having:
(i) a pump housing;
(i1)  at least two inter-engaged rotor elements deployed within
said pump housing, each of said rotor elements having a

plurality of successively inter-engaging projections, such
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comuni cation with said first supply port; and (c) a second |iquid storage
tank of variable volunme in fluid conmunication with said second supply
port; wherein when said first storage tank is full, liquid is drawn
primarily fromsaid first storage tank and as the liquid content of said
first storage tank is depleted so as to no longer supply liquid to said

first supply port, liquid is drawn  pri.mari fromsagjd second storage
tank. 6. The system o%@gﬁidsﬂ%?mf ﬁ?atlﬂ%lfc’m?ﬁfi ?ﬁ"‘f?@ﬂa’fﬁise%éw@wmnd suppl y
port configured to supply liquid to a second of said at |east two rotor

el ements of said rot droysingmndmiet-aigaged ohenof bdid grsjepidns; port being in
fluid conmunication wth any one froma list including; said first liquid

storage tank, saigt:se (e Ty . ird Jjquid
storage tank so a(gl)tsocésiggasst%g‘ﬁ%)isgﬁih ?‘éﬁﬁgﬁlé %&%ﬁéﬁ%@?ﬁ@ﬁe‘i aci ng of
said second rotor elenent. 7. The systemof claim6, wherein said first
supply port supplies ISFPAYAlqyid tetHeasti afirstirotorglement af saidamotor ot or
el enents, such that said third supply port is reached by projections of

sai d second rotor el efnip, autkthaai seconlUfomid apkadf twdk GRypME Totor
el ement have passed s?d%i rst supply port. 8. The syste%u)pgs claimé6,

further including: (a), at least a.fourth.iqui.d s I ort configured such
that said third suppr)lilr%b?&i%g ?%gé}{gﬁcﬂgﬂip&%ﬁj&ﬁﬂgeg@ng&i Qecond rotor
element after said projections of said second rotor el enent have passed
said fourth supply pofaid pmjections have passed a first of said supply ports;

and
(iv)  an outlet for flow of liquid out of said pump housing;
(b) a first liquid storage tank of variable volume in fluid
communication with said first supply port; and
(¢) a second liquid storage tank of variable volume in fluid
communication with said second supply port;
wherein when said first storage tank is full, liquid is drawn primarily from said
first storage tank and as the liquid content of said first storage tank is depleted
S0 as to no longer supply liquid to said first supply port, liquid is drawn

primarily from said second storage tank.

6. The system of claim 5, further including at least a third supply port
configured to supply liquid to a second of said at Jeast two rotor elements of
said rotor pump, said at least a third supply port being in fluid communication

with any one from a list including; said first liquid storage tank, said second
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(b) athird liquid storage tank of variable volume in fluid comunication
wth said fourth supply port; wherein liquid is punped by said first rotor
el enent sequentially first fromsaid first storage tank and then from said
second storage tank, and liquid is punped by said second rotor el enent
sequentially first fromsaid third storage tank and then from said second
storage,.tank. 9. The system.of.clajm6, wherein said first inter-projection
vol ume gﬂgﬁ(%tg{a@estg@&%]cf %E@Fé bayjdsiorags tapk spesdocsubstantelndill 21 10. A

met hod for sequentially punping a liquid fromnmultiple storage tanks, the
syst em uerppiiogéatipn spayingrafisaill segond rotopiclgkém. having: (i) a punp housi ng;
(ii) at least two inter-engaged rotor elenents deployed with in said punp
housi ng, each of said rotor elenents having a plurality of successively

i nter-engagi ng projections, such that a dynamc seal is forned between

[ f . . _ ) ' f _ ed bet ;
L o oL s VA SOOI 9 AR ARE s,
punp, such that a

liquid.t | e one rotor elenent of said rotor

second tB&‘gﬁi%‘“gg"ﬁe@ﬂ saidlosesone Irptosorlementss snetn dhatcsaiby thiad dupphyj ect i ons of
said rotor .el enent after said projections have passed a first of said
suppl y ppot tis; reached by projections of said second rotor element after said

projections of said second rotor element have passed said first supply port.

8. The system of claim 6, further inclﬁding:

(a)  atleast a fourth liquid supply port configured such that said third
supply port is reached by projections of said second rotor element
after said projections of said second rotor element have passed
said fourth supply port; and

(b} a third liquid storage tank of variable volume in fluid
communication with said fourth supply port;

wherein liquid is pumped by said first rotor element sequentially first from said
first storage tank and then from said second storage tank, and liquid is puraped
by said second rotor element sequentially first from said third storage tank and

then from said second storage tank.

9. The system of claim 6, wherein said first inter-projection volume and

said second inter-projection volume are different.
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and (iv) an outlet for flow of liquid out of said punp housing; (b)
establishing fluid comunication between a first |iquid storage tank of
vari abl e volunme and said first supply port; (c) establishing fluid

comuni cati on between a second liquid storage tank of variable volune and
said second supply port; and (d) operating said rotor punp so as to punp

liquid sequeptially,fi,rst fro aid first storage tank and then fromsaid
second stor agtﬁé‘df %%@!’O%%ﬁﬁsﬂlé‘iﬂgfa@ﬁelﬂl@aiﬂé ?ﬁ%‘ﬂg%{%}ld@glt G RIqragg u | |
liquid is drawmn primarily fromsaid first storage tank and as the liquid

cont enttaoks,sh¢ slysftemstonsprisingie t ank is depleted so as to no | onger supply
liquid to said first supply port, liquidis drawmn primarily fromsaid

second stor t : hﬂpﬁ claim 10, further conprising; (a)
said rotor ggﬁp ﬁg%lwrrp Flrgﬁ 5§%vv|t a\g{vgq east a third supply port
configured to supply liquid to a second rotor elenment of said rotor punp;

(b) establishing (1) ui @ PYRMBAOUBIAL: on between said at least a third suppl y
port and any one of: said first liquid storage tank; said second liquid

storage tank and (i)t hiatdedst wbdn&f-@hg%edﬁﬁ& elbhentd @epIBYEP i inC! @i m 11,
wherein said rotor punp is inplenmentée such that said first supply port

supplies liquid to b()tsgiflS Sﬁglpfﬁgussgng?ne%c %ot sai %8{10?' elements having a

plurality of successively inter-engaging projections, such
that a dynamic seal is formed between walls of said pump
housing and inter-engaged ones of said projections;

(iii)  at least two spaced apart liquid supply ports configured to
supply liquid to at least one rotor element of said rotor
pump, such that a second of said at least two supply ports
is reached by said projections of said rotor element after
said projections have passed a first of said supply ports;
and

(iv)  an outlet for flow of liquid out of said pump housing;

(b)  establishing fluid communication between a first liquid storage
tank of variable volume and said first supply port;

(¢)  establishing fluid communication between a second liquid storage
tank of variable volume and said second supply port; and

(d)  operating said rotor pump so as to pump liquid sequentially first
from said first storage tank and then from said second storage

tank;
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rotor elenents, such that said third supply port is reached by projections
of said second rotor elenent after said projections of said second rotor
el enent have passed said first supply port. 13. The method of claim 12,
further including: (a) inplenenting said rotor punp so as to include at

| east a fourth [liquid supply port configured such that said third supply

port is ,reached by.projection f. 110, 0} L. r said 29
proj ect\”Bﬁ@"bW%& i 1@@545& Pet f)alﬂ?(ellsgﬁgh]tla'g@vlg%ﬁ%‘gé%51@%@5%?%13?%1& suppl y
port; and (b) establishing fluid communication between a third |iquid

st or agefirst atokaggf tankramibaset%edlqmé cant¢ns af daidolirst Ktosagspiapkps depleigttr ei n

liquid is drawn by said first rotor elenent sequentially first fromsaid

first $405896 A3Mbndddsifiny KM RALAISARINGPIPIAGE K@Y isa@fhvi quid i s

dr awn y sald seco enment sequentially first fromsaid third
storage tank and then from said second storage tank. 14. The met hod of

cl ai m Primypky Epm i F“%ﬁﬁnfdélt‘érag?t@‘ﬁ‘qui d punped by one of said at |east two
rotor elenents is not equal to the flowrate of liquid punped by another
of said at |least two rotor elenents. 30

11. The method of claim 10, further comprising;

(a)  said rotor pump is implemented with at least a third supply port
configured to supply liquid to a second rotor element of said rotor
pump;

(b)  establishing fluid communication between said at least a third
supply port and any one of: said first liquid storage tank; said

second liquid storage tank and a third liquid storage tank.

12. The method of claim 11, wherein said rotor pump is implemented
such that said first supply port supplies liquid to both said first and said second
rotor elements, such that said third supply port is reached by projections of said

second rotor element afier said projections of said second rotor element have

passed said first supply port.

13. The method of claim 12, further including:

(a)  implementing said rotor pump so as to include at least a fourth
liquid supply port configured such that said third supply port is

reached by projections of said second rotor element after said
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projections of said second rotor element have passed said fourth
supply port; and
(b)  establishing fluid communication between a third liquid storage
tank of variable volume and said fourth supply port;
wherein liquid is drawn by said first rotor element sequcntia‘tlly first from said
first storage tank and then from said second storage tank, and liquid is drawn

by said second rotor element sequentially first from said third storage tank and

then from said second storage tank.

14. The method of claim 11, wherein a flow rate of liquid pumped by
one of said at least two rotor elements is not equal to the flow rate of liquid

pumped by another of said at least two rotor elements.
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