APPLI CATI ON FOR PATENT Inventor: Meir Kugan Title: Miltiple Tank Fluid
Punmpi ng System Using a Single Punp FlIELD AND BACKGROUND OF THE | NVENTI ON 5
The present invention relates to a systemfor punping fluid from nmnultiple
storage tanks and, in particular, it concerns a systemfor sequentially
punmping fluid fromnultiple storage tanks using a single punp. Various
systens for punping |iquidgPPIoTATIONEEORE Tto a single end point
are known in the art. These include the use of separate punps for 10 each
source, and a single pu coupled with separate on-off valves, or flow
restrict of@vendersoci MeisKwigan each source. Systens utilizing separate punps
suffer fromextra cost and weight, along with the conplexity of nonitoring
and act uditlerg eachMultipledfienk Blupd Spnipite SystepeUbingl &/ Sinfgld PMinpg t 0
synchroni ze the punping rate so as to enpty each of the tanks 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
sour ce of FIEODI AIND BAGCKIGROUND pFPHEANVBENITON | ow restrictors do not

all ow for sequential enptying of a plurality of Storage tanks, they

provi a way tﬁ drain tanks ,of different volunes at different rates such
that &1 of thélPlESEHelyFRliQRApESjatss touAststam afary punpinginfuidi fom When 20
used with sone liquids, such as aircraft fuel, these systens may create

enough ofnultipleesterage taitksparal, tin ipatticulsd, smesetis &595tehP féddzRehhiflly uel to
vaporize in the fuel line before reaching the punp. Some of" these systens

are used b glona e LORENLAE QlinP YA hug] Trom miltiple fue

tanks | ocate roug

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 aﬁer 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



the aircraft while maintaining the equilibriumof the aircraft. It is known
to provide gear punps with nmultiple 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

cocondary pump | S g rping (el Sonp R ErRks TP URRAGAL ™ °

secondary punp | ocated up st I n punp. 0 ply
ports of es receive fuel .frgma single tank. The injection port of
Mles, U éﬁ@ngggwﬁ{le et Bmméa?ee‘iﬁ“ﬂféb'g%ﬁ?fﬁﬂﬁalfﬁﬁﬂ-ed quantity of a first
liquid that will be 10 m xed with a second liquid introduced at the primary

supply port. Dit ismgnowpetoapiovide geathputdpk esith urmitiphe stbply pai#e whichhe
injected liquid is independent of the l[iquid flow rate Caused by the gears

of the pu b S ' Lid I trol  dedi.cat t he

I nj ecti onggl?’g@is@l&?‘ﬂg{ﬁrﬁ%ﬂ?%%%gg iagéhlagwggﬁ Y%Omm @%&gggﬁ?essur e
and bot h rts introduce liquids to the punping gears 15 during operation
of th puﬁ&ye@.as@ configursd astkackrun e suppiemeniase supplyqmrtspinngase ino, whi ch
liquid is introduced to the gear punp via a first supply port that is

connect editsafficipnic skigl €s r RIinpts ; ithhqui t,of the
i ipfifg 5 & toakpese préééﬁﬂzéd‘%n\}{élélg': S?%ﬂ?@sgur% a

punp is reintroduced at the first supply port. . I ng vol une
it ed bysFioRBdBl0e Gl ub oS Hneh 3 BEAS Byme- Al ohiPesippryPolr 1 nat
s connected to fuel tank. Therefore, the Aldrich systemis essentially a
ci rcul at i b Majgs seceiveafuebfiam apsingle tankt Thepinenapyrt! ofjMitks| @38, from t he
system The gear punp of U. S. 3420180, to Behrends et al., receives fluid
fromtwo 509348975 is édiffigued ¥6l8spply 2AthRed YRRy oF 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 botﬁ
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 Vélve, 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



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
punmping frommultiple tanks at different rates. The rati o-change passageway

(s 5 al S0 pasigelby MhEOprotatesh desived dbiid B AW Ao ME AP e the
pressure ropg crgat edplfn t he pagsagevvay%rf;af;l/&gausest%&%e |3§J‘#§E%'%§vi tate
ports all

The gear punps _of prigr art cited ahove include nultiple suppl

of which ngé?}ﬂ??‘gﬁrﬁﬁe ?Bf & R V\“ﬁhPBlYt 59 AUPRJ¥ Rt poRNGEER( ¥<ptm9 at all
times during the operation of the punp with no consideration for

sequent i aliffienept nguires,§ itowonld, thgbevesobe casperables howlystehs Bajirdtinhat none
of the above referenced prior art addresses a configuration whereby |iquid

i s punped R Eﬁ]%n . ' dafined flow rat.es by a
single puﬁ%1 n %ggﬁpgug\geﬁtt at hﬁ%gfgéeq{ltg%%’%%‘%&@éﬁa&%gﬂaﬁ%qgfwtag lﬁi ve rise
to cavjtat Lﬁon of E?Eg | i quid; bei n?. F_unped. 15 There is therefore a need for
a system £5° arqblsst fon wsp witvelatibe Hanidsisuclp asrpial gvhsre thepressurerdropl t i pl e
storage tanks, wi thout causing cavitation of the liquid, utilizing a

si ngl e puoreateMinrthe passappivey snPEse Bid Bquilitto vavitgtebe beneficial if the
system al so provide for punping fromdi f?erent tanks at different

Cont 1 gured so- S06 28 ahba RBlf B8 fled bt ticor weltlacpbpl AT ch the
storage tanks are depl oyed: 3 SUMVARY OF THE | NVENTI ON

of which are configured fo 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
puinping of fluid from multiple storage tanks, without causing cavitation of the
liquid, utilizing a single pump having muitiple 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.



The present invention is a systemfor sequentially punping fluid from

mul tiple storage tanks utilizing a single punp having nultiple supply ports
According to the teachings of the present invention there is provided, a 5
system for punping a liquid frommultiple storage tanks, the system
conpri si NgUNRIAR : B paMbAg: (1) a punp housing; (ii) at |east two
I nter- engay JTeptoyed within the punp housing, each of the
rotor elenments having a plurality of successively inter-engaging

proj ections, siihb predeat iaveltivanisca sgaémi forfequesidint peapineiiug $or he punp
housi ng and inter 10 engaged ones of the projections; (iii) at least two

liquid su \Nfi i h, that one.of the.at |least two liquid
suppl y poﬁﬁislé{%%%ﬁﬂﬁgé?}{wag#@%ﬂl & %#@g@fﬁ]‘{%?‘aywugﬂgﬂémfgymamanot her one
of the at least two, liquid supply ports supplies liquid to another one of
the rotor el endseardiag o the teaelhingsof the prasent mwention ithpreds peertided, 4 he punp
housing; (b) a first liquid storage tank in fluid communication 15 with the

first SupgysterRofds Rifping) ad IRPEP okl Qﬂﬁﬁip\%oét% el ksl Nete! %E&em

comuni cation with the second supply port; erelmliquird 1s nped by the
first rotg{fgel.erren fromthe first 5%. rage tank and 'l)i@%iid is |

si mul t ane Pg}smﬁu{;ﬁg@dr%?}' RYiBP dakmg () gudinp hensing: (idahleast twadsie- st or age
tank. According to a further teaching of the present invention the first

i nter- 20engagedaotasrelementsedephalyadheithir dred pinmipehoying, egichsf thel toter ar e
different. There is al so provided according to the teachings of the present

et g RSB O SUELK AP R:Enb i PRI B o o

st or age tanks so as"to‘draw’li qul romea

flow rat Shat Ethc%maﬁlic seal is formed between walls of the pump housing and inter-
10 engaged ones of the projections; (iii) 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 thc 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



met 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 seal is fornmed between

wal | s of . S} . - es.\of the,projecti.ons; and
i1y ar o e RU) Sy Y Sl e BERR A IRE T i BRI F S e
| east two |jquid supply ports supplies liquid to at |east one of the rotor
el enent s @nlgasinBtnifepreaged rptwr flemprtsdeploxed withiia thagpimp ponsingsuppl i es
‘liquid to at | east another one of the rotor elenents; and (iv) an outl et

for flow @ichl bfithel rotot edémédts HawiRy ROpRIrAle &P?suéb@ssEi%l?bﬂnit&t%dggthdp%‘” d

connection between a first liquid storage tank and the”first y port;
and (c) establishing,fluid gonnection .between .a second.liquid storage tank
and (e SHolaoBE, R e ST JS TG ToRRerD Pl Oh e BBID ¢ ha
liquid is drawn fromthe first storage tank by the first rotor elenent and

li qui & i shelisavinand ambet-kegagedonmts stfdhegeojeatitndyyandh@ii paicleast twas tiqual enent ,
and a 15 ratio of a flowrate of liquid being drawn out of the first

storage t f f ok QU ' d
torage tanp Bofts cofieulf Suck (s Bk b BleT, Raf v Hauf sl ARERL ", csent
i nvention th t\ivo l({1ter ngaged r.otor el epents are inplemented such that
the int ers-“@ﬁg%i 1qgid [ ) k@bt s obhe Friot wichents and | anethar anceohithe &F er ent

size than the inter-engaging 20 projections of another the rotor el enent

such t hatleasttten- Bquieuppnpots sipplieoliqaid ko of lchbteadoi@r orRN@RgR ot @t Or

elenents is different, therefore the flowrate of I|iquid being drawn out
of the fi or, : ' al &t I rate o l.i qui,d bei ng
dr awn Outeﬁ%r%ner?l%é a@%i&‘hﬁ%t"%ﬁ%"’;g&t Qﬁ‘% b fiuld'8uf of the puinp I]ousmg, th)

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
Irate 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 clement are a different size than the inter-engaging

20 projections of another the rotor element such that inter-projection volumes of

each of the intgr—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.



5 There is al so provided according to the teachings of the present
invention a systemfor sequentially punping a liquid fromnultiple storage
tanks, the system conprising: (a) a rotor punp having: (i) a punp housing;
(ii) at least two inter-engaged rotor el enents deployed within the punp

housi ng, 5 eac the,rotor el gnents . having,a plurality_.of, successively
i nt er - engagi ngjfh%!ﬁojlsecﬁﬁoor%?"@ﬁ@ha?(f%fimg d9n geascilg}gsi >§/’ff _@’renﬁ’ﬁesﬁgfween
wal I s of the punp housing and inter-engaged ones of the projections; (iii)

at | east mWengemaesyssgarfor dequentipliuppmpipgra Hquwh fiogumeatipte stovagsy | i qui d
to at least a first rotor elenent of the rotor punp, such that a second of

the at | gagkst I Sod B, (51?5{, ; : [W=Yey oW +{ he rotor
el enent aftesr’ t?ﬁe@%?@j deloc??@gﬁgg'hgl\)eae%gs edﬁ gh%?]rﬂs%] %31&[ lgl%lﬁg Hsoglg[ﬁ)]lgg’/)f(%%rts; and
(iv) an oytlet for.flow of Iiﬁguid out of tt]e p(grrp housi ng; b) a first
liquid st¥risge Muhinterengazed gotor glemeats denlpysdi v ¢ PHMHAOWSING, ¢ he
first supply port; and (c) a second liquid storage tank of variable vol une

in  fBui ccachnoflthec edtopreleméts theigeaopldraitp pofy spetsivaieinedrientaging he first
15 storage tank is full, liquid is drawn primarily fromthe first storage

o no T orggieetifin 2 (el bR oo Be obDRI MAERT Wifigal i Bllglnn = °°

primarily fromthe second storage_ _tank, According to a further teaching of
the presdipusingand ings-qngaged peespEde projestions;déd) addeast two spacad aparisuppl v
port configured to supply liquid to a second of the at |least two rotor

e e e TR b R
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 fluid 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



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 elenent. According to a further teaching of the present invention the
first supply port supplies liquid to both the first and the second rotor

el ements, such that the 5 third suppl ort is reached by projections of

t he secondFd% teesecond diguid porags inkcendasthid liqued séarage tardt oo el enent
have passed the first supply port. According to a further teaching of the

present i ayenubstantiaBy €l $n BIGCPro MO Hcin®r BE st&Rst liquid
supply port configured such tﬁgrl) O{;')éhe t%?ragm%ppl ;S;éportro?%;@%&g% éd by

proj ections of nd rotor, el.enent. after the 10 projections of the
second rotor € éﬁ(\:ﬁﬁﬁg\/g fﬁ‘i@?etﬁa?}f'@gfog&ﬁ? RISSGpbinyepten the figst suppla third
liquid storage tank of variable volume in fluid comunication with the

fourth sup@iyuplies;liguidtebethl thedirst arel therspeshdsotohelefriehtd, sael tHat ghenent
sequentially first fromthe first storage tank and then fromthe second

storage thivdsuppRopdr Wiedched BY 'ﬂtl)ﬁéﬁgéfnst S'Pthges%?%c}( {:oghg E{eﬁﬁlﬁaﬁtgﬁﬁ% e second

sequentially first from 15 the st orage

storage tank. .Accogﬂ]igs% to,a further teaching of the present invention the
first int'@PISCHPRS attheotveord toter element bave passadithe Srst supplyqrdrbn vol une are

different. There is al so provided according to the teachings of the present

i nvention a meAtmeddingr toseduethtt addchin 6Pithe pledentl WinebrifoRMuEHe §d RIK St or age
20 tanks, the systemconprising: (a) providing a rotor punp having: (i) a

PP, 00 () e SRS LB TR o
success| \{s%{)gly 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 stofage tank and then from the secoﬁd 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 \.rolume‘ are different.
There is also- provided according to the teachings of the present
invention a method for sequentially pumping a liquid from multiple étorage
20 .tanks, the system comprising: (a) providing a rotor pump having: (i) a pump
- housing; (ii} at least two illter-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

7



I nt er-engagi ng projections, such that a dynam c seal is fornmed between
walls 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 at | east two supply.ports is . reac by the proj.ections of the
Pt or ol ol pup st SRS S O e irciions: G ot RERE ATy
ports; and (iv)an outlet for flow of liquid out of the punp housing; (b)

est abl i shspapetllapart lzpidreappgtionts doafigassd t@ fupphy lijuigbioct ledsooageotbank of
vari abl e volunme and the first supply port; (c) establishing fluid

comuni cat.q n I 1L r ' l.ume and
the second a3ty IKERer AEGSTHc et £tk 3R el B Dot i8I
liquid 10 sequentially first fromthe first storage tank, and then fromthe
second st Braghed byathe Prgiesteens ahdne tpwr¢lement nbiendhe tpraiections i have| i qui d
Is drawn primarily from the first storage tank and as the liquid content

of thesfipadseddirsoef tharkippl psleR gl €0 & odflet foro uidWRiplof thé quid to
the first supply port, liquidis drawn primarily fromthe second storage

tank. 15 Accarding to further. teaching of the present invenfii,on.there is
aiso probntbatotyir D piebiHnethd' FilpRlniirio RFftFen, &\ BaL I 1y g
supply port configured to supply Iig{éi d to a second rotor el enent of the

rot or punptorags)tank of atatiable veJufiewdnd henfnshsepply pordrhestiablishing fluidast a
third supply port and any one of. the first liquid storage tank; the

- second Ii %ﬁnﬁﬁéﬁﬁ;ﬁﬁ%é@%ﬂ%%&ndaﬂﬂiﬁis'ié’ra{g% 4 t oPhArALR Valikne dffOr di ng

to a further teaching of the present I nvent e rotor punp

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)
esfablishing 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
N ~ 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

8



is inmplenmented such that the first supply port supplies liquid to both the
first and the second rotor elenents, such that the third supply port is
reached by 8 projections of the second rotor elenent after the projections
of the second rotor elenment have passed the first supply port. According

to a further teachi ent ion Ih re is,also rOV|ded (a)
ot ement PRCSES By Sersind TobhSIEPGnt A he BhelerBhE oEeRRPend Y o o
supply port configured such that the third supply port is reached by

proj ect i opleneht hiree passod tha Htstsupplypent. after the projections of the second
rotor elenent have passed the fourth supply port; and (b) est abl i shing

fluird communi i veahfr tiBhdHin Eﬁ“ﬂlg £R 08, E@{’@n aiglﬂp(ge vol une
and the fourtﬁeé%lggf %%ort ereclgné i qul ?ﬁe@dﬁ N th |rst r ot or

el ement 10 sequenti al | irst fromthe first stora tan andth fromthe
second st Bf%, Rahkmpiﬁ%en tinguihg SSOIHPRP B 26 He @gléléﬁoﬁt gera &
sequentially first fromthe third storage tank and then fromthe second

storage tHgd A(p}il’j?gjdifg coafigufedr surdr taeabbithirdofupple moresentachedeln i on a
flowrate of I|iquid punped by one of the at |east two rotor elenents is

Tuo 1ot or Pl o WrpesdelsBbmtian i 4 B LS AE seftnd el <°°°'

herein described, by way of exanple only, with reference to the .
acconpanytlemeat dvﬂms)aswdeﬂbq: nfourthGsepply poshendt (0 establishingt fleitbodi nent

of a system constructed and 20 operable according to the teachings of the
present i gyfffunRiationereed adRRl 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 OF THE DRAWINGS

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

reference to the accompanying drawings, wherein:
FIG.1 is a schematic of a first ¢mbodimcnt 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



punp configured such that each of the gears punps liquid at the same fl ow
rate 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 ment of a system constructed and operable according to the

oo suppt §ngel B RET SBpBATTS iy SR Bbth prigint iluR RER kR 1Ta "8
is a schematic of a third enbodi ment of a system constructed and operable

accor di ngot®of the geaatol thggear pum; pr esent i nvention, configured with a
gear punp having three supply ports; 10 FIG 4 is a schematic of a fourth

embodi nent of Fh@, Pfi§§€§éhemﬁt4§'btf'aoébconW‘EIﬁ[*)bdlﬁleﬁf‘0§|ats‘§’rsfé% 'cE'SﬁstﬂIct@dSVSt em
configured with a gear punp havi ng three supply port iIs a

schematic a fiftth enhodi const ruct ed,and erabl e
accor di ngalﬂ‘i) OPﬁ’@b{[eeéﬁ nﬁ gfﬂ}engeaﬁﬁ@é fe&}ﬁv@i‘?ﬁ?rgrﬂn‘@%‘i*ﬁrkg?ﬂ‘&&”ﬁ ha 15
gear punp having four suppl y ports; FIG 6 is a schematic of a sixth

enbodienwithfa geaymineprhavingttmoctupglya pdrts dipetrsapply Bquidridiong gear olithé eachi ngs
of the present invention, configured with a plurality of li1quid storage
tanks and,@,. gﬁ@{ .punp haV| ng a nunber of supply ports equal to the nunber
of storag% t sp 20 FIG 7 is a schematic of a seventh enbodi nent of the

present inventj (i1 is an alternative of the systemof FIG 6, the
syst em shown 3 is a schematic of a third embodiment of a sysfem constructed and

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

10 F1G. 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 embodilnf;nt 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 preéent invention, configured with a
_ piurality 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 Witl_l a plurality of liquid storage tanks and a gear pump having a

10



configured wwth a plurality of liquid storage tanks and a gear punp having
a 10 nunber of supply ports such that the nunber of supply ports is one

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

accordi ng e-teachin of the 5 present invention having a gear punp
with two ‘%@%‘BIE{JOBB‘RRI@Y&@TSSCWi } the Bwmker phsvpplyp@ts ishengkeas shaninps
liquid at a different flow rate, each supply port supplying liquid to a

di f f er entthermaingfessof stfragdhangear 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

constructed I1@9cang joRe ceordi o_the teachi ngs of the present
i nvention have a geé?l% %‘%%%)&vt\n&t ﬁPtaﬂr@ghti‘uBﬂ%yd%‘mtso ﬁﬁ’ fYiten ‘Pipéhﬂ d
storage tanks; .and FIG 11 is a schematic of a tenth enbodi nent of a system

const r uctRE T ABVERapprstattest and ppemblt actemity tyshotedchinger 66 et

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

of the gemesenpuinpationghdengta ods b &8 r ee_|iquid
storage tanks. DESCRI PTI o G Y h@@%&)ﬂ%l\%ﬁ&%ﬁ&@ﬂt

I nventi on.i S e r sequentiaglly. punping fluid from nultiple storage
t anks ut ?PF@ iﬂ[;i‘l"lgt éa/a%éi gt{hg ESHHPPRIPF ﬂ{ﬂuﬁi{naf iadhlgtg%%pﬁlw pate; saclrisepplyi nci pl es
and operation of a systemfor sequentially punping fluid 2?0 frommultiple

st or age ﬂ’é’ﬁ“&%lpﬂlyingliqn'gif@@difﬁirmmrq)gdmwbﬁma”gﬂatpph@;suppl y ports
according to the present invention nmay be better undérstood with

FIG. 9 is a detail of the pump of FIG. §;

\J

FIG. 10 is a schematic of a ninth embodiment of a system constructed

_10 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
r_aultiplle 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 unde_rstéod with

reference to the drawings and the accompanying description.

11



reference to the draw ngs and the acconpanyi ng description. 11 By way of

I ntroduction, it is a feature of certain enbodinents of the present

i nvention to provide a nmethod for punping liquid fromeach one of nmultiple
storage tanks at a predefined flowrate. In this way, the equilibrium of

the platformop which the storage.tank re depl oy.ed ugh as, not
linited 5 to, gﬁ’ gﬁaYC(Ffta’fH&O%Hﬁéog’eltrfﬁi%?%ﬁ%ﬁ@doﬁlﬁ?ﬁ%nt%g?ﬁ%&lﬁ“zs P? Lq%’?mped
fromthe tanks. This will be discussed with regard to Figure 1. Another

f eat ure opresent wiventabddiprenids afmethed pioe pemipingMequid dromsedch omr ofi de a
punp that will punp [iquid supplied by supply ports in a rank order

dependent ; ' | t I 3 t he
pup. 10 AP GEBLRAS dcB pHRUCCd RO AR, T s o o BROADEEOF
Figures 2-7. n a gear pu is used, th rrangenent of the supply ports
i sgsequenmeaﬂ’l\é\gﬁ%tor’c%’ lc%&egﬂﬁa&%ﬁ’&l@ e ‘%P?‘l’)@;sﬁ“@hés»dwttf}% lyaied in the
direction of rotation of the gear. For ease of the discussion herein, the

t er m "Yeato, pangitcraft] nayebagedntagedewhilalthy ligaid Bf gimpey frdrh Ahe PakR. havi ng
two or nore inter-engaged rotor 15 el enments deployed within a punp housi ng,

each of the: roHPLe ﬁsg@%ﬁiiﬂgﬁ%% an{g&lglﬂéél ity of successively

I nt er-engagi ng proj ec ham c seal is fornmed between
wal I s of said pu housi ng and inter-engaged ones of said inter-engaging
proj ections asAﬂgElef dedfiee pbicgrtain pmbedimengs iof the myesatidnventian is' tear ™ and
"gears" refer to rotor elenents and the term"teeth" refers to the 20

| nt er - enga@ivive #HafFtiaPRall gums lQuldsiplratndsi bk lif 4 Aakigaeh of the
gears of a gear ﬁ)purrp gre ir?ten%e forl,ﬁﬁ)and o&,; IJtiyr}%ﬁsfer torque from one

gear to dependent on the sequence in which the supply potts are arranged on the pump

i0 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 case of the discussion herein, the term "gear pump" will be used
“generically to refer any rotor pump having two or more inter-engaged rofor

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 intcr—eﬁgaged oﬁes of said
'in_ter—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 t_hat 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 is, each of the rotors of the present invention may be driven by any

12



another, this is not necessary to fulfill the principles of the present
I nvention. 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

ot her. Stl|| anot her featur f .certain .enbodi nts f the prese
Cnvent | onaproppgte meacil g e R -SREReine  TGleOIanS oMo HeRlads tlhned f rom
different storage 5 tanks. That is, the flowrate of |iquid being punped

by one rotmbodinesrdsitto dfanster tprque frmnmeremmad)tha)othbe flow rate of another
rotor elenent of the punp. When a gear punp is used, this is acconplished

by configuringg t bet ween
teeth is di fferfeﬂ?l g{rerefgsw%? T%ﬁ@&%&@é@ﬁnéﬂ?@ofﬁ%@reﬁ?x@’tci&?g%lz&g?fow W th
regard to Figures 8-11, 10 Regarding the Liquid storage.tanks, in systems
confi gur et PEVidsafon didfereniiakflow rafen of diquids PYmBRY fary Gitfereph PEERES ank i s

suitable. In the system configured for sequential punping, it is

pr ef ersabl gankb.alh:gas hhefldvh eats ofli q]ﬂﬁi béiaplpanhRdignbhgrutetcRmens of thdhave a
vari abl e vol une, such as, by non-limting exarrpl e, the coll apsible fuel

t anks, I cal.l ef erred, t dde 15 . Anot her Imting
Lanks, *Y Bl el BAEATEdub RSP ek P ety SRR B
novabl e wall such as a piston. It should be noted that the storage tanks
of the prageatpump énusadnthiajs secompishedbiysconfigutingsachof theegearvsughe of
other liquids such as, but not limted to, pesticides and fertilizers, and

the punp tlﬁt”tﬁeefeeﬂiﬁXn(Pﬁld %Ed‘cb‘ﬁe@w@éﬁrf@éﬂi fPdiRRe fob cablp bf ﬁ%@@%ﬁr? asSprayi ng
equi pnent. 20 The system the present invention is well sufted for use

with fuel 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 stofage 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

13



systens in aircraft where bal ance 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.

However , i d.not. be.t he onl equ e, and, rank order of tanks from
whi ch quéPanng@u%eadr &S PRl b bafande Hpween, Sw&@&ogﬁettﬁ% onfy ‘
requi renents of a particular application. The outlying fuel tanks may-be
| ocat ed, supuesse mpidaank ordeara takst fremwihigh [fuidiis mimpédmayonrpandés t ai | and
forward sections of an airplane or helicopter. Further, if concurrently

punped t apksrdfied Hasdl bhahe '}&%ﬁﬁférita'ﬁ? Pﬁtﬁ%ﬁg@ﬁﬁ@m af Tgn%.- roglgggr[%m Lally

stability, it is preferable that rrptloed

the sane _.tine, the system qf .the present invention nmay _be configured to
purp eachftst taifksmay BeJogated, fry , in|eggh ofthe wings of A GHPEANSOTot ed

that the principles of the present invention may be equally beneficially

appl i éd tthewasibr and aforweledi grednd codper aliglies forbdklivomas Fanhkneisur f ace
of the water. Figure 1 illustrates the feature of punping quuid from each

orasont BRI RN GARS Brohs BeRrERR BT a B0 Rl P e o1 1 o

enbodi ment of the present invention includes a punp 200, which may be

i npl enent Babili&y.dt iepreferpbleghatiheitvg tanks beppipticdgit substasiallydthecemsach
configured to supply liquid to one of the gears of the punp, 202 and 204
respect i vighy, thEheyseqardf thbiresenbphventiva Iﬁa%ref%dmukécﬂw PuRiptéfh #20- 1N

shoul d be noted that while all of the preferre
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 illustrates 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

'_on_e of the gears of the pump, 202 and 204 respectively. The gears then supply

to a comumon 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

14



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 nmultiple outlets is
within the intention of the present invention. Supply port 206 is in fluid

conmuni ¢ n ' | i t das ort 208 is in
fluid coﬁ#ﬁ%% %ﬁo A\% Ct aﬂk c?ﬁgasglﬁgga%rat%ig% \‘ﬁtﬁé‘ﬁ%B%’Pﬁ Ugeation, o or age
tanks are full, the pl atformon whi ch the tanks are depl oyed, such as, but
no |i it ewitholiquid Bleragsofank 212.s Whewpbeth Rﬁrrh@rﬁtor@geetan&maw fuletlst or age
tanks may cause 5 inbal ance and a | oss of stability. The punp 200 is

confi gur eglagfee bhalwhididwhe tahlss drawe tdyem aaeh Af Bdtenéttﬁﬁﬁe& ttoarhrs at
substantially the same flow rate. There ore, the change in the Vol une of
liquid i and, thus th 0 ach o he storage,tanks changes at
subst ant | PP Sapiablcht RAMR, HpRIEEPR ,O! ithe ciBrEn TS BHY EPETS 11 ow

| npedance of the tanks, thereby maintaining the 10 bal ance of the

hel i cdpt eimbalanceoamsd aﬂpssi chitebitisy.i Thenpympe2 0y Bf comdigieed sudhethhetiquid he

l'i qui d in the storage tanks at predeterm ned different flowrates, this

wil | Og Wﬁ%np%a‘("o‘f*thg staggé tﬂt&ur | Sy auggtpsfsra AR, ! he

f eat ure sequenti al ort | ca 'l ustrates a

second preferred ystem of t esen |nvent|on 15 Gear punp 2 has two

supply po N , n an
'y poFhereibrantiiecch haggg in ?)apmnepﬁé nigeR, jang thus theoveighbofgeadhank 8 and

supply port 6 receives liquid fromstorage tank 10. As gear 20 rot at es,
the teet mﬂzheoamrarghemk@pd:hanrgeﬁta btibstaALARC ehe Tagle irste blStLRRIK 1 of

gear 20 first pass supply port and subsequently pass supply port 6 As
the 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

15



gear 20 rotates, each successive inter-tooth volume 14 of the gear is
filled wwth 20 liquid supplied by supply port 4. The term"inter-tooth
volune”, and on a generic level the term"inter-projection volune", as
used herein refers to the space between adjacent gear teeth, or

I nt er - engagi.ng- Legtions, enclosed by. th I f the pu housi ng. In
this emboarhenens 8 e RkeeSlveiicn. 3 is prbertis for Sis EERY RO WE o
invention, it is preferably for the distance between each of the

successi veaguppl the porceessives supplyt peits thee siidtuitiptcbenilnid soimammibationen t he

I nter-tooth volunme and each supply port be term nated before fluid

comuni capiiReh$he fdRtdcth $81uhd Bnd '&SCH‘?(I}} tl% %%ﬁﬁ%sﬂeﬁﬁirﬁﬁpﬂ)é’fopé’ Flujd

Therefore, 5 when the now filled i nter- vol une 14 reaches, that is,

conmes into fluid comrunicatjon with, suppl ort 6 substantjally no liquid
ot r odCRBE TGS P SSARshed Bl s eSS okh BPP oD TREEBIe | qui |
remaining in storage tank 8 is depleted to a level that the inter-tooth
vol unmeg l4whsen rthe Imvgdilled intactobth sohphy 14pathed, thdtoiyj domies linfoe@uid t o be

i ntroduced to the inter-volume 14 by supply port 10 6, thereby punping

liquid fr g t | ai ns
dr awabl e ?%ﬁ#%ﬁ@#?)& u‘ig.gﬁ’i s;u?ag Pgﬁﬁlt S' r@#&‘%ﬁ%’ Bgr%ﬁ@? %?Sgglgbﬁgéid &t&éﬁnﬂ% as the
i quid content of stora?e tank 8 is depleted so as, to no | onger supply
liquid tomdgrpigoth pelumerl4. Quey tejamaenni b lﬁﬁi‘idwﬁmﬂlymgrlaﬁi@ﬂg@g@é($aﬁ1k 10. It
should be noted that the size of each storage tank does not effect the

oper at i ond&flefeliqo blevebitRthel faér-icdth &bluige! a8 ik Rofbagérefifed BiksuBplys
illustrated as larger than tank 10, the two tanks could be of equal vol une

or tank 10 ul.d be 1 | arger of the _.This s tr also.for all of
the. oyst et dr EREEpil Beef e RiscuiCer bt hogbfprSolimt T4 sgbiy Forf
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 coﬁld 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
o _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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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

i caf.i MW th tank, 36 h.that liquid. l v, f
Fank 34 HPBUSMIER PR pptied Tl afl Bet SAHERORoCI Ak oB Atz Ui
16 liquid is no longer being supplied to supply port 38 from storage tank

34. At ssiph timepliquiddsipdnipeddummpedofage tardt 36 dgeuglabltlssupily pogls Mot h
supply ports 30 and 38. Wth the punp operating, substantially continuous

punpi ng of{ kgu WGsuatat WBheifhAW pRhBidgSopNighieed as

| ong as I%;I}qdu?g P@ﬂ})gﬁgﬁn@ up%@%zg.dbﬁagﬂ?%§4aﬁulﬁu§¥grgt eg fg ?ougtL
preferred epbodinent, that is a yariant, enbodinment of a three supply port
system of 2@ wbéga@ﬁ@hymmné lowgiets 1§ rathred s%#lsig@e Tnbeiig | s
supplied to both gears of the gear punp 50 through supply port 52. Once

|'i qui & i ssuppliedanger being supplied through supply port 52, 10 liquid begins
flowng fromstorage tank 56 through supply ports 58 and 60. The fifth

Cupply por s i dtystift B PosbliE pHOERRR SHB0UBHER shdt S WP o 74

is in fluid comunication with supply port 78; storage tank 76 is in fluid
conmmuni ca¢mbediment of aghteg sypply port sustemsaishe geeseniavention. Heres lign 15
comuni cation ports 80 and 82. Wen operated, the punp wll first punp

l'iquid supBhi §drdge RAKISY 12 s@lic@Btd bOIR S8:25 3FQhé ARk pltBY thiough
respectively.
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 1onger supplied to supply port 78, liquid will begin to flow
20 through supply port 80, thereby drawing liquid from storage tank 84. In this
émbodiment, as in some of the other embodiments, of the present invention,

substantially continuous pumping of liquid and a substantially constant flow

rate is ensured as long as liquid is being supplied.
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When liquid is no |l 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 |longer supplied to supply port 78, liquid
will begin to flow 20 through supply port 80, thereby drawing liquid from
as in sone of the other enbodi nents,

storage tank 84. In this enbodj nent, [
of the presentﬁi‘mgh? iaBH}’eCI%tE%gﬂi‘aérfBPﬂuplb%&ftﬁeEUW@lmﬂm]thom ofithgii d and a
substantially constant flow rate is ensured as long as liquid is being

suppl i ed. pieFenttinvérdtionba Ihniie@ohlgil@;d?ﬁabﬁbalit?%s rendiaiingd b?fﬁ‘i’élﬁﬂé bRhsuppl y
ports of the present inventionis limted only by practicality as

Figure 6 ShoBaP i B difral Wil pBT SRS 6 SRobis SavoR mstetbrkoent
i nvention wth ang;%r punp 100 having 5 six supply ports, three supply

ports ass@BPRIENLOL B stem of thenpresews igeentionowithreegearqamp 16 hasing Si X
- storage tanks each in fluid communication with a different supply port.

Punp gearsil@dpply rResodireé @ﬂgﬁwtﬂbrﬁ%ﬁdﬂ@? Rith chhlgfg{h%mwoi%éa?% bt Hed

comuni cation wth storage tank 122; supply port rnfluid _
comuni cat | with storage tank,120;. and supply pqort_ 108, which is in fluid
10 commu egg?)}lglr}i), \R;Paﬁl’é Fg}fﬁ%"e?@&ﬁ gaghyin ﬂﬂ!éy agmgw:@attﬁn WHhs didfpienrice of
supply ports, is drawn sequentially first fromstorage tank 122,

l'i quid
then fr orﬁuppbfqma@}mnp lgea2 D0Zischstoaated veith Sy bt 108, WHial iyin Muap gear
110 is associated with supply port 112, which is in fluid conmuni cation

ith st : ‘ t 4 Ch. L Syd hd.co ni,cati on
W in ot orcaamubidfiod AR HORE RO 122wl SFort S1Aq) watthlisf BT

communi cation with starage tank
communication 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, liquid 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 frqm 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 storége 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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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 nent, which is a variant of
the sixth preferred enbodi ment of Figure 6, is illustrated in Figure 7.
Here, suppl or.t 1 nd 6 _ar.e both,in fluid mruni cation with the
same stor%&gaé%aﬁﬁilﬁmgmi %ndgﬁ'mn] Bﬁ?@\”@h,bq P'&Hpad&fqm Shragg by punp
gear 102 sequentially fromstorage tank 122 and 120 and then liquid wll
be punpedl4@.oifext moagubsteaimidlyl dontisiows| purhyingl ofgliquidvand a sebgtaniielly by punp
gear 110 sequentially from 18 storage tank 128 and 130 and then |iquid
w1 be ppsmeshtl 180 $hRr RIEndREK aslftfhe BENEi@0:s BLiRgt AdIRL Widdnt | nuous
punpi ng of liquid and a substantiall yg cong(i e{nt SfPovﬁr%’%B ?s erllsured as
long as liguid ig bein |ied without changing the speed of the punp. 5
Regar di ngCh ”f%'i{etﬁpée‘gf’%gf BPng differential flow rates of |iquids
punped fromdifferent storage tanks, the eighth preferred enbodi nent of the

preserft i nvent Regarding ul¢ rfaitack ioff priogidieg &lifferaitisielow Rutemp of VilGudlls i s shown
in detail in Figure 9. Also included in the systemof this enbodi nent are

two |iquj -age i 2. | 3- QUi lied to
supply 1315%8?%3 1302 &aﬁfé@(ﬁ@?gﬁﬁnﬁ’r ‘t[ahr?t aﬁﬂgﬂfsﬁ%f%‘é}%&%gg”a"rdé‘%%‘gogﬁg@sos have
different sized gear teeth. That is, the circunferential |[ength 310 of the
teet h, orPicaerinventienyiiHystrted de Figs, S, dnclydas a pimpowbicheisehenn irB08 i s

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

Li kewi se, déthi¢ inCFigureroer1es iiatluied g thefsytRen ofittBls &88bAInSRACIBAWDI4 and
316 between adj acent

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

Qf each gear is a distance that will accommodate the corresponding teeth of the

éther 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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15 teeth of each of the gears corresponds to the circunferential |ength of
the teeth of the other gear, or rotor elenent. That is, the inter-tooth
spacing of the teeth of each gear is a distance that will accomodate the
corresponding teeth of the other gear. Thusly configured, the inter-tooth
vol une of each of the.gears is different; therefore, liquyjd is punped by
each gear Saatcﬁub?tép'é%fy i sape dune may peinre ats‘é]?ﬁtﬁggqlﬂ,y Fli%lﬂoodvi S
punped out of storage tank 322 by gear 306 at a higher flow rate than

| iquid isrgeimptd may o estblistopd hevrdidgOtdyh@geaquitiiBent e afpapiiculate ratio
Is determned by the size of the inter-tooth spacing of each of the gears.
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flow rate ratio may be_ established according to the requirenents of a
particul ar appl P& perferad smbndiment pbe systennof tthe pseseal ientiap: ad bef ore
the other. A ninth preferred enbodi nent of a system of the present

| nventy onjihagated inl Bigatd B0,496 cbRfifh@d it Q. gdas peiy 2IVRSANYIHVD r punp
230 having two supplgﬁfports 238521% 240, gWhi ghﬁ{gjpply Iignui d tgggfelar 244

of the gear 23Q,. .and. third s I I 2, which s [ l'iquid
P the ottt geRand duoohhidhsupaly adidB oheb24hof Bikects phthel P8R s o Y et
pass, and establish fluid conmunication with, each of the supply ports 238
and 240 i thisksupply eorf 232 twhichsuppliys fiquid R8theaothet igear 244 pifythp @ear 240.
Since the teeth of the two gears 244 and 246 are of different sizes, the

flow rat | incpal d ARU g 444.1.S Mol t : e of
l'i quid b:?‘%iglppl%r?g‘edAEy@gaglgr@gin&%tSp’pﬁi}épé?#hZ%&’i Isaﬁ@n%‘l%ml%}{)\(lz%l%ni cation

ith storage tank 236, suppl rt 238 is in flui )
" S cc?mmumcatlzon with, gfchyop 8‘16 supply ports 238! a:m&i 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

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

20



conmuni cation with storage tank 234, and supply port 24 is in fluid 15
communi cation with storage tank 242. Wien the punp is operated, liquid is
drawn concurrently fromtank 234, through supply port 238, and tank 236,

t hrough supply port 232. Wen storage tank 234 is full, liquid is drawn by

i or age. + aries 3 bF sef ok 8L UEs At dse Bty Sepbrn il T o

first supply port, liquid 20 is drawn by gear 244 primarily from storage
tank 242 titmecrrgmesnpy eppppbefordthe otbenf i gured t husly, tank 234 may be
enptied and liquid will begin to be punped fromtank 242 before tank 236

is enptied. Th I r I . at tanks
242 and 236 engltl{:/ t%sﬂ%&%ﬁ F@]bﬁémttx%gt %%%Eegﬁﬁﬁ %@egﬁ%ﬁ%yﬁénp Ellpbefore
the other_, The tenth preferred enbodi pent of the present |[nvention as shown
in FigurEigye Ll ilystraesd sYSiG: epmbuune ihaghrece featvies olote peesest t he

present 5 invention nentioned above, nanely sequential punping from

nul ti @ e hiventge nﬁe’:lﬂi@'iled&bodé,fliﬁﬂﬁﬁftseﬁh@mial?impiﬁg fasmtAuljilekairagd he
equilibriumof, for exanple, an alrcraft. The 'stability requirenments of

i aurd, 1 ket BB K ey S8t Ral o RUHRRTESL TRy

substantially the sane tine, and substantially 10 only then to punp fuel
from st or aiyeairenakt. 43be Frabilifyorrequireimensaraf 4bg airdrafD4nedeasitatei thier ent
inter-tooth spacing with a flowrate ratio such that storage tanks 414 and

416 wi || aimtantially SyReianddal éxﬁgﬁy‘i&%%@qﬁjelﬁﬂ,nﬁ thaheRel Mg, dtSrade thAger
supplied to supply ports 406 and 408, fuel wll begin to flow through

supply 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 éubstantially the same time. When fuel is no longer
supplied to supply ports 406 and 408, fuel will begin to flow thrqugh 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
_.cha.nging 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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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 remain
substantial ly const ant even t hough fuel is now being punped froma single
fuel tank w thgut,  chan e. speed of the prev ment i oned,
i thi s enbodi Hewill be agrarashah aba¥sodR ﬁf1§n$1éF“e|HhteHé%ct:ij etP
substantially continuous 20 punping of liquid and a substantially const ant
f1 ow r at esdrse el saxaaples ahd tigatamany i dbérdembobiehdrgs aup poksble Rithir the | | be
appreci ated that the above descriptions are intended only to serve as
exanples are possible within the spirit
and the s %@E‘g ﬁ}eﬂ@ﬂé?ggg?e{pr%g%}gq{ll onfO%ZZ WHAT IS CLAIMED IS: 1. A system
for sequentially punping a liquid frommnultiple storage tanks, the system
conprising: a) a rotor punp having: i) a punp housing; ii) at |east two

i nter-engaged rotor el enents deployed within said punp housing, each of
said rotor elenents having a plurality of successively inter-engaging

proj ections, such that a dynamic seal is forned between walls of said punp
housi ng and i nter-engaged ones of said projections; iii) at |east two
spaced apart liquid supply ports configured to supply
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liquid to at least a first rotor elenent of said rotor punp, such that a
second of said at |least two supply ports is reached by said projections of
said rotor elenent after said projections have passed a first of said
supply ports; and iv) an outlet for flow of liquid out of said punp
housing; b) a first liquid storage tank of variable volune in fluid

comuni cation with said first supply port; and c) a second |liquid storage
tank of variable volune in fluid comrunication with said second supply
port; WHEKEF B GheIMERI 3:first storage tank is full, liquid is drawn
primarily fromsaid first storage tank and as the liquid of said first
storage tank is depleted so as to no longer supply the liquid to said
first dupplyA pgstém fori spauentiablydsavpinga iliopatd frymfmhaltipkadtchage emRsl tBé eyagr t ank.
2. The systemof claim1l, further including at least a third supply port
conflgdpéH”WW@ supply liquid to a second of said at |east two rotor

el enents of ,said aid at least a third supply port being in
fluid connun?catﬁoﬁ&hpmﬁﬂgﬁyn ne froma list including; said first liquid
storage tank, said se@qmdnﬂkqmmg storage tank, and a third liquid storage

tank so as to rlrﬁstaa%lal 1II an i ter- projecti acl of, sai d
second rotor el o Yot e e Therss aeplard i, Gid pitap
supply port supplies Iuoth% daGh BPthd setbfelbmb st haﬁﬁ% gwdmgzetﬁ@.ﬁ@be&may

el enents, such that said t supply port is reac proj ections” of
sai d second rotor el en@tﬁt-emwgmps@ﬁdlwmuehtha@nﬁmmgaad i bswad betoeon

el enent have passed sal f.r.gt _su 4. The € claim 2,
Sherein said frrst i nocsstoiaerrETBrE R nicr ookt BB HPR prbicBhlhs
i) at least two spaced apart liguid supply ports configured to supply

liquid to at least a first 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) a first liquid storage tank of variable volume in fluid communication with said
first supply port; and
c) 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 of said first storage tank is depleted so as to no longer supply the liquid
to said first supply port, liquid is drawn primarily from said second storage tank.

2. The system of claim 1, further including at least a third supply port configured to
supply liquid to a second of said at least 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 liquid storage tank, and a third liquid storage tank so as to.

~ substantially fill an inter-projection spacing of said second rotor element.
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i nter-projection volune are different. 5. A nethod for sequentially punping
aliquid fromnultiple storage tanks, the system conprising: a) providing
a rotor punp having: i) a punp housing; ii) at |least two inter-engaged
rotor elenents deployed within said punp housing, each of said rotor

el ements having a plurality of successively inter-engaging projections,
such that a dynamc seal is fornmed between walls of said punp housing and
i nt er-engaged ones of said projections; iii) at |east two spaced apart

l'i qui d3suppilyiegpren of shim g vegrain said st yupply gort quprlicg diqpidetbotnei¢ Hrshr

el enen saLd. r LA S . Sal I . supply
" P a0k s SR Bla B B00 o SEllo By bR

pr oj eckaidrscdnd\retopaleredt @t istidtprajbotimi Of sHd pfrlopd petot demearmtchavy pasaed suid | et
for fl (%w of liquid out of said punp housing; b) establishing fluid
comuniBHSTRMY B&¥vween a first |iquid storage tank of variable vol une and
said first supply port; c) establishing fluid comrunication between a
second liquid storage tank of variable volunme and said second supply port;
and d) 4oper dJhersystemi of claio 2, peteirs said Sirstoinpurppojectem doleme Leadtsaal kacohd r st
fromsaid first stlorage Gﬁg{;k End then fromsaid second storage tank;
wher ei HYRRERISSHYHVRIPEATSHUYFEOE tank is full, said liquid is drawn
primarily fromsaid first storage tank and as the liquid of said first

storage tank is depleted so as to no | onger supply
A method for sequentially pumping a liquid from multiple storage tanks, the system

comprising:
a) providing a rotor 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 that a dynamic seal is formed between
walls of said pump housing and inter-engaged ones of said projections;
ii) 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 Ieast 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;
wherein when said first storage tank is full, said liquid is drawn primarily from said first
_storage tank and as the liquid of said first storage tank is depleted so as to no longer supply
the liquid to said first supply port, the liquid is drawn primarily from said second storage
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the liquid to said first supply port, the liquid is drawn primarily from
said second storage 24 tank. 6. The nethod of claimb5, further
conprising; a) said rotor punp is inplenmented with at least a third supply
port configured to supply liquid to a second rotor elenment of said rotor
punp; b) establishing fluid comunication 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. 7. The method of

cl ai m éakaherein said rotor punp is inplemented such that said first
supply port supplies liquid to both said first and said second rotor

el enents, such that said third supply port is reached by projections of
sai d sé&cond m&mth@i(ﬁ?mmfaffMersaingnmngj ecti ons of said second rotor

el ement have _passed said first supp The nmet hod of cl.ai m.6,
wherein a f1@w r 09 81T PR iY %‘ﬁ%@ﬁ% Tkt It S Shd PP G2t CONRIHIAR or
el ementygy, ISI?WgQitdtS‘a‘é@éonHQotBP@IeHe%ffsﬁfderoﬂ)frp{u'nﬂu' d punped by another of said
at | east rotor el enments
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.

7. The method of claim 6, 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 after said projections

of said second rotor element have passed said first supply port.
8. The method of claim 6, 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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