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This invention relates to a combination pump and 
separator,More specificaly,thisinvention relatesto a 
combined unitfor pumpingfuel containing both liquid 
and solid contaminants,and simultaneously Separating 
the contaminants therefrom to provide a clean fuel 
Supply? 
To date,various devices have been employed for re 

movingcontaminants from fuel,Such priorart devices 
inciude,forexample,the barrierorScreen-typeflterand 
the centrifugalrevolvingdrumtypeseparation unit,both 
of which exemplary devices have Several disadvantages? 
First of al,these units areincapable of removing COn 
taminantsinimmiscible liquidform,noraretheyadapted 
to bepurged ofcolected contaminants duringcontinuous 
operation of said units,Moreover,itis oftennecessary 
to dissassemble these devicesin their entirety in order 
toremovethe contaminantsaccumulatedtherein… 

Accordingly,thisinvention has as a major object to 
provideacombination pumpingand separatingunit which 
isefectivein completely removing both Solid and liquid 
contaminantsand which may bepurged ofaccumulated 
contaminants during operation?Itis particularly useful 
foraircraftinstalations where in-fight dumping of the 
contaminants is particulary desirable. 

Other objects of the invention wil become apparent 
from thefolowingspecificationandthe drawingsrelating 
thereto,wherein: 
FIGURE1isasectionalview ofthe combined pump 

and separatortaken alongline ??? of FIGURE2; 
FIGURE 2is a sectional view taken on line 2?2 

ofFK}URE1;and 
FIGURE3isatop plan view oftheimpeier. 
The combination pump and separator designatedgen 

eraly by numberal10includesa housing1l providing 
a generaly frusto-conical chamber 12,an impeller 13 
having the Same general confguration of the chamber 
and a sump 14 for colecting contaminants separated 
from the fuel? 
The housing11comprisesa casing17havingacentral 

fuelinlet opening18 atone end thereof,and a scrol 
type fluid discharge passage 19 Surrounding the inlet 
opening communicating with a discharge port29,At 
the oposite end of the housing ?1 is a removable end 
closure2?whichisadaptedto be securedtothe housing 
by means of a plurality of bolts22?The closure 2?, 
whichmay beregardedasthe baseportion ofthe housing 
and together with the casingforms said housing,is pro 
vided with a central opening23to accommodate bear 
ings24,25fortheimpelershaft26. 
The impeller13includesa central hub 30 ofagen 

eraly conical shape,a shaft26 connected to said hub 
and rotatably Supported within the bearings24,25,and 
neans associated with the shaft,preferablyinthe form 
of aninternally Spined section31,to connect the shaft 
with a suitable driving means(not shown),The im 
peleris shown asthreaded onto the shaftandretained 
byanut32,Associatedwith the hubareasetofspiral 
or helicalvanes 33,This portion of the impelierthus 
acts as a mixed fow pump which upon rotation draws 
thefuidintothe housing,Acentralfrusto-conicalmem 
ber34,integral with the vanes and carried thereby in 
Surroundingrelation,defnes with said hub aninlet pas 
Sage communicatingwith the centralinletand whichmay 
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2 
beregardedasafrst pumpingstage to force fuidina 
generallyaxial direction throughthe unit. 
Thesealsshownat35,36servetoisolatethe chamber 

from the otherstructureand may be of any Wel-known 
construction,Seal35preventsfuidfrom by-passingthe 
separation area by fowing between the frusto-conical 
member34and the casing?7directy outthe discharge 
scrol?Sea136prevents1eakage offuelinto the bear 
ings24,25,Aplurality of radial blades 40,carried 
bysaidfrusto-conicalmember34,extendgeneralyaxial 
1y and have straightedges41 generaly parallelto and 
adjacent the chamber wal12,This provides a fuid 
passage communicatingwith the Scrol discharge outlet 
19? 
Theradial blades40areefective toincrease the rota 

tionalvelocity of the fuid pumped through the annular 
space betweenthefrusto-conicalmember34andthe hub 
30bythe helicalvanes33,Asfuidisdischargedthrough 
the annularspace,the blades generate centrifugalforce 
tendingto impe1the fuidagainstwa112 ofthe cham 
ber,The pumping efectfrom the axialfow impeler 
issufcientto overcomethe centrifugal force outwardy, 
forcingthe fiuid axialythrough the chamber into the 
discharge scrolor volute 19through the annular space 
37,Since the outside diameter of the discharge outlet 
37is approximately equal to or slightly less than the 
outside diameter of the axial fow impeler,the denser 
materials can not overcome the centrifugal force im 
parted thereto andare efectively prevented from being 
carriedalongbythefuidstreamintothedischarge vohute? 
This arrangement provides an eficient means for Sep 
arating contaminants and assuresa clean,contaminant 
free efuent. It is preferred that a generaly circular 
shroud member45 be carried bythe outer ends of said 
blades49to provide a rotatable inclined walladjacent 
the scroll outletfor reasons which wil be apparentin 
the folowing description. 
The housing11isformed with an enlarged peripheral 

walportion 49 adjacent the base 2? providinga cavity 
50whichistangentialyorientedwithrespecttothecham 
ber?Thiscavity50 formsa contaminant discharge out 
let extendingfrom Said casing and communicating with 
the sump 4,The terminal portion of said discharge 
outletis provided with a fange 51 adapted to be con 
nectedtofange52onthesump14bya conventionalcol 
1ar53. Ordinariythe unitis disposed sothatthe cavity 
and the Sumpare belowthe pump and separatorto fa 
cilitate Separation,The contaminants are thus acted 
on bythe force ofgravity in addition tothe centrifugal 
forces resultingfrom theirrotation, 
The width ofthe cavityisapproximately haifthe axial 

length ofthe blades49andispreferablywideenoughto 
alowthe shroud toslightiyoverlaptheshoulder54, 

OPERATION 

The contaminated fuelfrom tanksin an aircraft,for 
example,is pumped orfed bygravitytothe centralfuel 
inlet,The path ofthe fuelisshownin FIGURE1 by 
arrows,and various pointsalongthe pathare designated 
bythe referencelettersA,B,C,and D,Ascan beseen 
from FIGURE 1,fuel passes through the central fuel 
inlettopointA andthereafterthrough theinlet passage 
betweenthe hubandthe conicalmember,Contaminants 
inthefuel,whichmaybeinsolidand/orimmiscibleliquid 
form,begintoseparatefrom thefuel duringthe passage 
frompointAto point Binside the conicalmember,As 
the fuelreachesthe point B,it movesradialy outwardly 
andis Subjected to even greater centrifugalforce asthe 
resultof the higherrotationalvelocity ofthe blades40. 
The greater part of the separation takes place in the 
generalvicinity of point Bandthe contaminants,being 
denser than the fuel,are carried tangentially by both 
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centrifugalforceandgravityintothe cavity5?andfinaly 
intothe Sump14?The separated contaminants are pre 
Vented from re-enteringthe chamber bythe same forces 
Which originaly directed them to the sump. Because of 
the Smoothinclinedwal ofthe chamber ?2and the in 
clinedshroudmember45,particleswhicharethrustthere 
against move outwardly and downwardly alongthe wal 
and shroudandare eventuallydischargedinto the cavity 
56,The fuel thus movesin a direction from B to C 
countercurrent to the contaminants deposited on the 
Shroudandthe waland cleanfuelisdischargedthrough 
the annularspace37 between the shroudandthe frusto 
conicalmember34into the scroll discharge passage ?? 
where the rotationalvelocity of the fiuid istransferred 
into pressure head for discharge through discharge port 
20in fuid communication with the scroldischarge pas 
Sage?The passage offuid from point B to point Cis 
of relativelylow velocity,thus oferinglittle resistance to 
the contaminants movingin the opposite direction? 
Under certain fight conditions,the unit may be Sub 

jected toinversion ornegativegforceswhichwould tend 
to force the contaminants,previously deposited in the 
Sump,backinto the chamber ?2. Accordingly,a check 
Valve 56 has been provided ofanywel-known construc 
tion,between the contaminants discharge port and the 
Sump,Which Valve isadapted to closeif the unitis sub 
jected to such forces,This Valve is optional since it 
is possibleto design the unitsothatthe centrifugalforce 
generatedwithinthe chamber12isofsuficientmagnitude 
to Overcome any tendency for the contaminants to re 
enterthechamber? 

Itis poSSible to purge the pump by merey openinga 
dump valve 57in the bottom of the sumpand alowing 
the fuel head to force the contaminants outthrough the 
dump valve,Inthe case of an aircraftinstallation,the 
Sump is replaced by a conduit leading Outside the air 
frame?The dump valve isthen controled from sone 
remote place,such as the cockpit,by any wel-known 
Operating means?thus permittingin-fight purging,This 
eliminates ground Servicing as required by other con 
taminant-removal devices,In the event fight purging 
is not desirable,itis possible to purge the pump with 
the aircraft grounded and the engineside by utilizing 
the fuelhead whichmaybe present,orthe head produced 
by the tank-mounted boost pumps?Only a Smal head 
is required to purge the unit,and with proper design of 
the sump,only a minimum quantity offuelis needed to 
completelypurge the pump ofthe colected contaminants? 

It mayalso be desirabk to use a heater(not shown) 
associated with the sump and/or the housing,Since a 
large portion of the contaminants may comprise ice,it 
has been found desirable to melt the ice rather than 
leave the water in the solid state?It wil be noted in 
FIGURE2thata projection 55is provided within the 
housingadjacentthe cavity59,This projection assistsin 
breakingup relativelylarge pieces ofice which are Sep 
arated from the fuel,The blades 49 also promote the 
disintegration and comminution of large Solid particles? 

Itisto be expressly understood thatthisinvention,in 
its broadest interpretation,comprises an arrangement 
fortheseparation ofdensermaterialsfromafluid Stream? 
Whie I have discloseda specific embodiment of the in 
vention,itisnotto be solimited tothe specific combina 
tionpumpandSeparatordescribed? 
Also,it Wil be understood that many changes and 

modifications will be made without departing from the 
spiritand scope of the invention and thatthe invention 
is designed to be comprehended within the scope ofthe 
appendedclaimswhichshould begivenascopeconsistent 
withthe priorart? 

I claim: 
1,Acombined pump and separatorfor contaminated 

fuid comprising a housing haying a generaly frusto 
conical shaped chamber therein,means defining a cen 
?ralfiuid inletin said housingcommunicating with Said 
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4 
chamber,a scroll-type fiuid discharge passage generaly 
Surrounding Said inlet and communicating with Said 
chamber,Said chamber having a generally Smooth pe 
ripheralwaldivergingtowards an enlarged base portion 
of Said housing,an impeller,meansin Said base portion 
forrotatably supportingsaidimpeler within Said cham 
ber,SaidimpeHerincludinga conicaly shaped hub mem 
ber,the axis of whichisgenerallyaligned with Saidinlet, 
afrusto-conicalmember havingitsconvergedendin Seak 
ing relation with said inlet and Spaced from and gen 
eraly SurroundingSaid conical hub,spiralvanes between 
Said conical hub and said frusto-conicalmemberprovid 
inga firstStage pump means,and a plurality of blades 
extending radialy outwardy from and carried by Said 
frusto-conicalmember,Said blades havingedgesadjacent 
to and genera?y paralel with said chamber wal,Said 
blades providinga centrifugalseparatingmeans between 
Saidfrusto-conicalmemberandsaid chamberWall means 
defninga peripheral cavity in said housing,Said cavity 
being tangentialy disposed to Said chamber and ad 
jacentto the base portion of Said housing,a downwardy 
dependingsump communicatingwith saidcavity,whereby 
fuidisdrawn throughsaidinletinto SaidfrstStage pump 
neans and discharged through Said centrifugal Separat 
ing meansinto said Scrol-type discharge passage While 
contaminantsare separatedfrom the fuidand discharged 
tangentially outwardy into Said cavity and Sump? 
2,A combined pump and Separatorfor contaminated 

fiuid comprisinga housing having a generaly frusto 
conicalshaped chambertherein,means defninga centrak 
fuidinletin Said housingcommunicatingwith Said cham 
ber,a Scrol-type fuid discharge paSSage generaly Sur 
roundingSaidinletand communicating with Said cham 
ber,said chamber havingagenerally Smooth peripheral 
wal divergingtowards an enlarged base portion of Said 
housing,an impeler,means in Said base portion for 
rotatably supportingsaid impelerwithin Said chamber, 
saidimpellerinchudinga conicaly shaped hub member, 
the axis of whichis generaly aligned with Said inlet,a 
frusto-conical member havingits converged end in Seal 
ing relation with Said inlet defining means and means 
Spacing the Same fron and generaly Surrounding Said 
conical hub,said spacing means comprising Spiral vanes 
between Said conical hub and saidfrusto-conical member 
providinga axialfowpump means,a pluraity of blades 
extendingradialy outwardly from and carried by Said 
frusto-conical member,Said blades havingedgesadjacent 
to and generally paralel with said chamber wall,said 
bladesprovidingacentrifugal Separating means between 
Said frusto-conical member and Said chamber wal,and 
a shroud member carried by the edges of Said blades 
adjacentthe convergedend of Saidchamber;means defin 
ingaperipheralcavityin Said housing,Said cavity being 
tangentiallydisposed to Said chamberandadjacent tothe 
base portion of Said housingand a downwardy depend 
ingsump communicatingwith said cavity,wherebyfiuid 
is drawn through said inlet into said axial fow pump 
means and discharged through centrifugal separating 
neansinto Said Scrol-type discharge passage whie con 
taminants are separated from the fuid and discharged 
tangentially outwardy into Said cavity and Sump. 
3.A combined pump and separatorfor contaminated 

fuid comprising a housing having a generaly frusto 
conical shaped chamber therein,means defining a cen 
tralfuid inletin Said housing communicating with Said 
chamber,a Scrol-type fuid discharge passage generaly 
Surrounding said inlet and communicating with Said 
chamber,Said chamber having a generaly smooth pe 
ripheralwall divergingtowards an enlarged base portion 
of said housing,animpeler,meansin Said base portion 
forrotatably supportingsaidimpelerwithin said cham 
ber?Saidimpelerincludinga conically shaped hub mem 
ber,the axis of which is generaly aligned with Said 
inlet,afrusto-conical member havingits converged end 
in sealingrelation with Saidinletand spaced fromand 



5 
generaly surroundingsaid conical hub,Spiral Vanes be 
tween said conical hub and Said frusto-conical member 
Drovidinga axialfow pump means,and a plurality of 
blades extending radialy outwardly from and carried 
by said frusto-conicalmember,Said blades havingedges 
adjacenttoandgeneralyparalelwith Said chamberWal, 
said blades providinga centrifugal Separatingmeans be 
tween Saidfrusto-conicalmemberand Said chamberwal; 
means defninga peripheral cavity in Said housing,said 
cavity beingtangentialy disposed to Said chamber and 
adjacent to the base portion of Said housing,a down 
wardly dependingsump communicatingwith Said cavity, 
anda dump valve inthe bottom of said sump,whereby 
fuid is drawn through Said inlet into said axial fow 
pump meansand dischargedthroughsaid centrifugalSep 
arating means into Said Scrol-type discharge paSSage 
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whiecontaminantsareseparatedfromthefuidand ds 
charged tangentialy outwardy Said cavity and Sump? 
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