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8pl/Ir:I.ARY 

Pump rec;.uirements for the pro~)osed ;olurry piles D.rc dincussed 
Dnd a g€lncrrd cO~~iJider.:::.tJ.Qn in given to oIl t-,fJ.Jes vf )ur:r~')s. The volute 
centrifugal is recommended for tins service as hciLg t.he most e~'I.;:d.ly 
adaptable t.i.ud the l(:Jl';5€lst wcarlli.g" Prencnt dcoizno and their character-" 
iatieo .:1I'C outlined. The ;:>t'oblems to be !Jet L: mectiJ:.e tho require-:-' 
ments of the prO)0HOd ~{)plicat.ior! :J.re rcvio,/ed "ldth ruzge~,tcd soluti011S.· 
~ZJ.xinl-flow pump;:; are ciso trE::-~ted D.3 a desirc..ble p.lsoibili 1...7. 

I' 
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SOZ:1f:.lARY 

Pump rec;,uirements for the pro:)ot3'ad 31urry piles ure dincussoo 
and n general cO~~.:Jider.:;.tion in given to 0.11 t-Jpes uf' )u.::!l·,")s. The volute 
centrifugo.1 is recommended for this service no bcir:g the mO;3t eu::i.ly 
o.do.ptable ~.;:nd the l(:1l5CSt. wCQ1'i:\i.g~ P1'enent (100i311o D.l'ld their chnro.ctcr-.. 
iatieo o.rc outlined. The problems to be :-:let mectj;:.~ tho rcquirc~' 
ments of -tho pro)osed a:1plicat.iQrl .').1'e rovio"iroo w1:th sugge~1tod solutiol1s~' 
~ZJ.xio.l-flow pumps o.re ciso t1'B;~ too un a del3irable p . ..! aoi bili t7 • 
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I :rIlE PUOBLFI .,'U::D ITS RE'llJRF :r:nTS 

The )Toblem discussed in this Te;)Ort COLCel'lH3' the ;aC~..l.l'1D of' 
circulutills- 'slurries :Ln- the )rocJosed oluI'r'J )i1eo. Thero is D. double 
o.£r:)ect to thl,f3 discussion becau:3c the proposed hotorveeneous and hom.o
Zoncous i?ilo~1 have differe.nt requireaontso In a hctorogenoolloJilc, 
the slurries will probably be .~ense, ap:;>rotlching tho mGxim.tlt'1. :1ercont,''l..3C 
of solids thut c;m form D. stnblt:l slurry. Since coolin~ by flashing 
a portion of tho slurry 'is proposed, u higil he:J.d )ump is rm:uircd to, 
rotu::u tilO cool lirjuid to tho pile. The hof.10Ccncous slulT'/o )ile, on 
tho other hand, will probably utilize n 10'i'l d01:.s1 ty slurry, c11d ~1rcs
ont :1rop)oed liquid-liquid cooling neth04s pomi t the uoe of 10vI he::..d 
p'l.'l.l.'!kpa. Bl)t~ ;.111e::1 11'Till require la.rge cn)o.city pUl!'I.J?s. 

Rt1lll1e of!Condi tion§ 

Hetero~eneou3 Pili HO!.:lOgenoous Pilo 

100 - 50J feet lIoa4a 50 - 10) feet 

8000 12,000 g.p.m. Capacities 1000 8000 g.p.n. 

c.t; - 4.0 Denoitios 1. 25 - 1.40 

Goneral Rei.u.i.rements 

Thero o.re four fet;:turoo in C,);XJon tJ the t~'10 ·Jroblcr.l0. 

1.} iUnimun Hold-up: Tlie requiro::lont ;)f :.tinimw.l hold--up 
is clee .. r fro,1 tho na.tu'ro 0f tho }roCOj("j the hiGh 
CO:Jt of the circu!~,ted fluld. Lver-J a.tte:?l)t ah:)uld 
be 1:1n.de to decro-.ne t'lO free 'Volur:lo vi' '[~ivel1 ::lum.p. 

r.:.) I~,? i.lnintent1.l1ce. From the l1o.turG ·:.If tho proce;,n, it' 
is cv1dol1t thut inuuccd r(' .. d5.:..::.ti:11. ill. n.+~ ~a.r'!:is exy,oed 
t.o nctive oluIT"J '\ttl11 l::1o.::e 0crv.l.C~i,e of tl c pumps 
prttct.lc~illy imposdble. i 

! 
! • 

5.) lli?r;li;;iblc Le!'Jlt::~J.;;~: 8i1:oe even sncJ.l lO;:l.:::oP::>f .fluid 
will be costly, lealc:-~5r: oal111ot be allo~'Jo(lG; In }r:1.c
tics, oO:le le.12:a~e: '1.7il1 .'117;:;'70 reenl t fror.l lo;:Z 001'
vice "if! tIl 110 I:l,-ur: tem1.l1co. It is ir.r)or: I:,i VEl till'1t. th;1s 
bo ko)t at a. ninir.rum, which is ncvcrn .. L 0:r.c1CI';1 ':1£ :'.1Gg
l1itu<1o lesn t.h~1l1 MY le~uW3c heretofore cono,idered. 

4.) no Or..:.:;a.uic Lubrtcul'lt:'.J Or::.;.::u.rl.c lubric.s.nto )TOVe to bo 
ul1st'.::.blo in n field .)f L: tonDo r.:;.d,Ltin. JThc use of 
Jl'l inor~(:.nic 3"ub::Jt.itutc or D. l1on-1ubrictd:.ot1: be-

- . I 

,vi11 he !JtU1tbtory, unlcD3 iJOmC GC;iQ 10 0'111 be dC!vclo~jcd 
","rllcl'oby the lubricont is continuously re)~ncod. 

The l)robl-em discuosed in this re:)ort C01~Cel'11i3 the ~:lctmo of 
circulo.tilJg 'slurries i11' the }l"o'}osed slu~J )i160. There is Il double 
0$)60t to thLs discussion becaui3c the prop~'3ed hotoroeeneouo and homo
geneous pile~1 have diffcreut requireaontsa In u hotoroge-tloouo)ile, 
the olurrieo will probr,bly be ,'\ense, llp~)rouching tho raarlmun ~jerccnt.'t.:;o 
of solids that cnn form a. stabl!:: slurry. Since coolinZ by flashing 
0. portion of tho slurry 'is proposod!) u higil he:J.d )ump is re(:uircd to. 
rotU:':-.l tile cool lirjuid to the pile. Tlle hOI:loconeous sluI"r'"!,. Jile, on 
tho other hand, vdll probably utilize 0. 1.0·/,1 d01:.si ty slurry, c:.nd pres
ent ~')rop)oed liquid-liquid cooling )]et11o(1s pomi t the use of 10vI he~d 
p1.ll'tlpo. 13ot:'1. ;.1i1e8 1I7il1 require large cn~1[lcity pum.ps. 

Rtmfio ofCondl tion,s 

Het.eroqenaou3 p~ HOtlogenoouo Pilg 

100 .,. 50J foot Hoads 50 10) foot 

8000 Co.pacitios 1000 

- 4.0 Denoities 1.25 - 1.40 

Ganertil Rei.u.i.rements 

Thero ore four feD.turco in Cd::t::l0n t-J the t-;IO -Jroblc.;wo. 

1.) 

r.:. ) 

s. } 

4.) 

i,:U.n!nIUr.1 Hold-urH The r.equiro::1Cllt Jf :J.inimUT.l hold--up 
is olet~r fro,l tho na.ture ':.Jf tho )I'ocejs end the hiCh 
003t of t1le circulr_~ted f~ulc1" Ever'J c.tte:'l)t oh:,)Uld 
be l:lnde t? deoro-.oe t'lC free '.VolUI:lo of c., r~i von ·:1ump. 

Ho i.lnint0l1Cl1Ce. From the no.tura ·::;f the; proco~lo, it 
is eVidont thut imluecd rr .. dJ.t~ti')11 il~ :),+~ Barts e-:<.y;oOO 
to active oluIT"J w'ill 1:l.n::C ;.;crvlcii·e of tlf pumps 
pr{Lctlcilly imposnible. . 

\ . 
l!orli0iblc Le·'11~n;~e: 8i1:oe even &lcJ.l le.:::nep of fluid 
\'rill be 00 stly, 1eal~f:,.gc: emmot bo cllo ... ·/ed G' In )rn.c
tico, oO:1e l(u!~a:;e ;;Jill nlw:;,yo 1'eGul t froD lo~:Z 001'
vice ,r1 th llO r.J.ai!:: tcn,-ilwo • It is ir.r:er:t,i va t.h,:di this 
be l~e)t at 11 J:tinir.m.m, which iG GCVcr:L.L order" ·:if :]Gg-
11i tude lesD t,h:.ll1. tIDy led·:uzc heretofore c01101de1'OO. 

IJo O~.::nuic Lubricm'lt:': Or.:.;Bl1ic lubric..-;.nto )rove 'Ge> be 
ullst'.:;blo in 11 field ,)f L:tclloe rc.d.Ltin. JThc use of 
'),n inor$cnic S"tlb;'1l:,i tuto or 0. non-lubric:--.-totl:, bo" r:L'i[~ 
',7111 he ;;1tmtl:~toIif , u111e:::li3 noae oc;,o 10 C'111 be dc;vclo~jod 
'lllcroby the lub:riccnt is continuously rc)l[.1,~odo 
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Sj2eciific Ragy trC!:.1ent3!-

. High density slurrieo will be I~ore difficult to handle tho.n 
low denoit\r ;:1uteria.1.. Centrifugal pumps ','Till not hundle olurties 
which have mOI'e thun 20% by volume ,)£ solids" The condi tiona of abra
sion will be more sovor~ in the upp~r density ro.nges i the ~JUIllp effi
ciency wch lower; t:l.ud pump life consido1'ab+Y' shortened. The )I'O?osed 
high density slurries nre beyond the rUnge nor.:lO.lly hLmdled by )um:)S; 
conse(~uently, the chur:'tcteristics and service to b(il ex)e1iied ... ·Jill 1'e
qlrlre ;;lore}rolonged te(Jtillg., 

From. the vie-."point of hold-Ul'>, ::'eukuge cw:~c1 .... Ie~lr" low llcad 
requirer~lcntl:S I.l.l'e more favora.ble. An 1norou.3e of head io )rovided for,· 
by incre::l.I.lll1g ei thor the speed or tho di1:.'U:leter ·',)f tho il11)c11.o1' or both. 
Il1CrOa300 a)ead l~esuJ.ts in' illcreused 'woar~ Incro~t;Joc1 if:l~)e1lcr- diru:1Cte1' 
requires ereater free voluills ll1 the purnp. 'rho tondency for the l1ump 
to leak ~-dll increase vii th ~~res:mrea In addition the ~)~'l~to of· the pump 
beconemore ~:1U::;3ivc to provide incroD.:)od structural ctren~:t!l for the 
grea.ter prvonureo ~md strqoDos encounter.od~ 

riith the:1e pointi3 in Llind, thef.:.;.ct tlli.Lt 10'::01' don~itieD :nd 
heads arc .. ~ore easily and s:..tLJf:.J.ctorill ucco::unod:~tod, t1.l1d timt u. 
difference exi'!ts bet:'!OOll the t"ilO proble::1s, the follo"'/:U!2: clL:c-J."sion 
.. ,'/ill include Ii eellerUl outline 'jf' the differE':l1.t types [;.1ptt'!lPS, w.d 
a tlore det~ilcd discussi.:m of the churacteri~3tics :.mJ ;)robJ.C:llC to be 
llo~'.lt. ',d.th in cent1'ifu~'pl pumps, th.e type tht~t should :'1rovc' !:lost OOCl.:)t
<::I.L10· to eithor :)!'oblem4 

II ?LUrurl PlE.iP8 II! GUl:EJ.~·~ 

The problen of I3luX';c--Y' hdJ.1(lllng is not a no';; 0110 t:J thQ )Ul:lp 

industry. Dredging o~)er:lti(JnlJ, tl~d h::!.l:lUJ.L~alltrnl1cfor'f :;?m.nt ~)ig-
1:1611 to :.uid ' . .lU,)CI' stoc:!.:, c:ud the,; doli ve17 of nru.dq under :~rcG:.;ure in 
drilling o~)erati';ni:l :Ire :J,.l'lUllS tho !:lost CQ;.llnon )roblli.lUD. 

Al::lOst ;;u.l types of pumpD t~ro uDad in 'Cllis oCirvico~' diroct 
acting reCiprocators .£"jr 11i3h prosouro' deliver-J i rota.ry ~)U::l'S for 
viscous f'luido w:i.crU abrusiotl is H()t a ')ri::lo £'~lctor ::md ccntrifUe.:1l 
rnimPS for. high und 10~1 c(l).::!.ci ty J uou~y lo',; h(;::..:ds. 

This il1Vt~l3tig.<tion 000 bool! co .. d'L.od fvr the moet ~x!.!'t to 
centrif'ueal PtwlJD for tho following re~lOO~.:S:-

1.) Reci'>rocELtilig puups are oOoJontiu.l ~y 'o1ow cn.ovinz, lO~1 
ca~')tlci ty ·~JUIll)s. To hundle tho c!lpc.ci tie.::> re(~ui1'ou ';lould dCr1::.nd 
purlps th.:.:.t are far lorger than uny u<;m bui..!.t for slurry 'tJork. Such 
a design ',"Joulc1 be uaszive, cuaborsoue ~ld c~~)ont3ivc, ~:.nd ll:':~V0 Q 

large hold-u!J. TIJ.s type of )u.."!l~}O is c:..:)~blo.l1 h')~-Jever~ :Ji' dolivCi:1.n1 
high preosurcl3, hl.ludlillJ thick oluI'ricn :..l.i.:d o)ol':.ltil1g at hi311 to::l~101'
atures. 

2.) The rot;lry ty;!O :Jump is, aloo ~~ direct acting ,'lode!, 
dCl)endillg for high )ressurc )orformanco UpOl1 i t~ cloOG cle:.:lr:.l.ncos. 
Fluido abrasive in cha.:ractcr cannot be handled well -.:Ii tJlOUt COl1stullt 
r.1ail:·::'0!1~loe. ' Lurgo co.:,10.ci ties, in the thousunds :.:;f G .. P .i.! • .p ""ro 
hru:dled onl;r at lou h~ads~ . there being a defini'te toW )rCS~lUre 

, - ;, -

High density slurrieo will be J-:J.oredifficul t to htmd.le than 
10Vi denoiv ;:luterial... ContrifugnJ. pumps '~1ill nut hundle olurries 
which hnve mOl'S than 20% by volume .:;f Dollds., The oond! tions of &bra
sion will be more sovor~ in the upper density ranees j the lJU1IlP effi
ciency much lower; and ?UmP life considorab~y shortened. The )I'oposed 
high doncity slurries ure beyond the runee nor.:lnlly hLmdled by 9U1!ll)S; 
conser;,uently 1I the clw.rt'.cteristics and service to be er.A:"e t1:.ed 'iJill re
quire ;:loro ,)rolonged te:Jti11g .. , 

From the vie""'Jpoint of hold-Ul), leulmge Cl;i.Hl ','10m:'" 10''.'1 head 
requirer!!ont~ urs more f.:1vora.ble. An i11oro.:1.3e of head io )Z'Ovided for,' 
by increol.lll1g eithor the speed or the dicu:leter uf the ilil:)ollcr or both. 
Incroo30d s.)eed l·OsuJ.ts in' i.ilcreused wearo IndrC~tood ir:l~)ellor-di[Uncter 
requires ereuter free voluritEj in the puinp. 'fhc tCl1del1C"J for the :lump 
to leak 'iJill increase vIi th i~re~:;;}ure" In oddi tion the ~):'\l"to of, the )ump 
becor16 more ::11;1.33i va to pr·')vide incrouoed structur;ll ctron':..:t~l for the 
greuter prooJUreo emu strqoaes encounterod_ 

i'iith these points ill l.lind, thefd.ct tll",-t lO:~'dr c1eH~iticG :nd 
heuds are ~"l.ore o.:1sily und s:....tiiJf:.tctorily ucco:;nnod:~tedll uuLl th:..tt a 
difference exiQts bet'.'!cen the ti/O proble:::1s, the follo;'/ing uL:c·.l~sion 
\'Jill include u eenerOJ. outline ::if the differel:t types c;£pLt'!lPS1 and 
a 1:1oro det~ilod discussi.)n of the ch:lI'a.cteri~3tics t'(,n..l :J:rublClilO to be 

,t1o~'.lt, -;:ith in centrifug~ll pumps, the type tht~t -sllould ::lrove' ,:loot ~i.(b,:)t
aLI0 to ei thor ;?Toblelll. 

II SLUrurl PtE-IPS II! GUIEl~~ 

The problon of 1J1uI'I'"J ild.l.1clling is not a no';/ ono t:.J tho ~)Ul'lP 
industry. Dredgin:~ o~)er~tiuna, :.land h::!.l1c.llL~e,ltrnl1cfor·f ;,Joint ~)ig-
1:1611 to t.ll.id ',):1:)01' ~toc2:, (:.Ud the,; doli vel'] of rudq under :));'cc:,uro in 
drilling o~j(~r::.ti ")no :l:rU :J.r!l)l:lZ tho !:lost cO;.':lnon )robler;uh 

Al::tost :lll ty~)es of pumps t:a'C uoed in t~lis oorvien:' diroct 
acting reCiprocators .f01' hiah pres QU I'O' deliverh rot.2l""1 ~'JIi:l'S for 
viscous fluido ""/~i.Cru abraai()l) is u<:rt a ')ri::1C f~lct,;)r :md contrifue:ll 
pumps for. high and low ca.luci ty J usu:l11y u.t 10',: :l.(.;~.ds~ 

This il'lVt):3tig' .• tion 000 bOCll co;,i'1~:.(..'<l for tho moet ~x:.rt to 
centrlfuzol pul!1l?S for tho followi11g re:lOO~:S:- . , 

L) Reci '}l~oct!tilig puIlpa are 0 OiJon ti:.J. ~y 'slow :n.ovinz, 10;1 
cD.)acity ~~)s. To hW1dlo tho capD.citie~ required would dc~:~d 
purlps tIl.:.:. tare f.:J.r Inrgorth,ml uny nO~7 bui..!. t for slurry ~Jork. Such 
0. desizn nould be lJD.sz:i ve, CI.l.!::lborsoue ::l:ld m~Jan13i va, ::.nt! 11:':"V0 Q. 

large hold-u!). TId s type of )'\L'!l~)O is cu.)u.blc J> ll:J~-Jevcr II :Jf doli VCl"ill:I 

high preosurc:m JI hnudlin<1 th.ick oluI'rics a..:c.1 o)cr:.!. ting at IriSh' to!2:)Or

atures. 

2 .. ) Tile rot;lr'J tJ'7c :1ump is, uloo ~t diroct acting "lode1, 
depending for high )ressuro ,)erformllnco upon it;;; cloOG cle:':U":.li.1Co~. 
Fluids ubro.si va in ch<lI'u,ctcr cannot be hru'lilletl rlel1 ';Ii thont constunt 
r;1O.il: "::'O~l::l.l1Ce. ' Lurgc ca:}Q.ci ties, in the thousands :.:;f G. P .i.1., u:ro 
ru:u:dled only at 10',"1 h~a.ds!l' there being a definit.e totcl )rOS~1Ure 
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lo:::.(~ w~_ich can be "l:1i thstoodby the sh.uft ';li thout Ul1t1ue loo:!:D.~e" 

. 5.) The cen trl fugal. pump ha .. : been adapted to slurry pump-
ing service for large ca!)aci tieo and at. heads uP' to throe hundryd 
feet. It is used extensively in dredging 'work, pa.::>er ·.)ulp circula
tion and sinilur servIces ~ 

III pn!TRIFUGi\.L ?Uf,'iPp 

T11e centrifugal class of lrumps flay be divided gen~rally il'lto 
four types:-

1. CentrifugoJ. 
n.) Volute 
b.) pj.ffuper 

2. 'l'urbLlc" if i)eripherc..l . 
5. Uixed flo';' 
4. J'\x.ial, novi 

Th~ centrif'llgru.typc of :rump in so cnlleq boc[~u:Jc it 1'1'0-
ducea its hend by the centrifuge..! nct.7.;)n of tho 1 . .l~ell~r(l. On1¥' tho 
VOll.tc : tY.Je i13 USedi'"l slurr:1 :lamCC, since the ~1if.f\lfJer t;:r~)e is 
not no Tl.l.cr:~ed~ Volute ';;U.1)S eT!l.}loy n volute caQirl.::'~ forcol1vcrting 
veloci ty hend into ~')reo;;urc hood.. Diffuser pun.);) upc stflti "'nazy 
vn.nes o'-utside tho'i:nnollol' to jel'form t,lO dnr:1C function. ' . 

. " "'" ~.:. 

Tho pcri)hor~l type )ro(lucos it:; lift b-J contrifuz;al action 
bt,1 t roci1'culote13 t:w li(:,uid bet'.7oen its vanes :;:1 ving it u his-her lift 
for the sru:le s~')eed LllHJ,' ditt:.1cter of ir.lpeLler. Thio rocil'cuh1.til13 ac
tion 2.ondo to increcf.led. Vleur cl1cl 1.'/ould ncil:e t!us ty)6 unoui tc.b;:te for 
Sll~!TIJ ::::orvico. 

Tho a..~ru. £10\1 or "~1ropeller t:f)e of f1PIlJP :?roclucen i"/:;:1 ef
fect b".f the lift of ito" vri.npo, sinilf.'·r::tv the [.ction 1:.>f ~ Clhipl S :)3:'0-
~}cller. Tbe mixed flo\7tY'.?o p:rocluceo. it;.; (I.etion 'D·~rt17 by lift ;"nd 

by eentrifu~o.l force. 1101 ther ty:"e ho.:; beon c.)ocificclly 
ado.)too to .slurry ll!.md:ll11:;~· but Slch tU1 a.c1'~l)t:.lt,im shoulc1 rc(;uire 
only rlinornl tel'.; tionD. 

Centrifu~Dl :Jumps [tl"C usad ill ::wrvicc ro(~uirinG high cn:1.:l

ci"l:,y bc..cuuso)f t.heir Girlplici ty, low co~:rt; uEd d.il::'i ty to o)or(!te 
under (l. vJido va.rictJ of conditions. Tho .efficic:mcy in In:r:go oi.zoe 
co'",l:?D.rer. :r~w!)ruhly wit:l ot,her ty)CS . f ',]unl.i.10. Ilcac1~ u) to throe 
hUl1drcd foet can be. o.tt:~iilOd in 0. singlo ::r!:,:<;o. r,lulti-;:;to.gi11g for 
hi::hcr )I'cQruros can be roo- 'rted to il1 non t ca;;()s, but thin deoign 

. hO:s ~eveT been found prl\cticnlbc ill slurry service_" The i::1du:JtT"lJ 
rCeO"1l'lC11ds tklt li!..gher he:ldtJ he a.tti.ui",cd by cOlll1ecth:.[~ ~eTlCI'cl punpe 
in sories, the limit.:::ti':>TI lying in IJhc tot;ll prco~r,J.ro -;;UiCi.l tIlo' ca.3-
i11g and otuffins boX: of the hi3hoot: )reooore pump ii'Jould be .:J.blc to 
st..'1l'ld. 
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10.::'"d w~~ich 0Dn be '<'Ii thatoodby the shuft ~'li thout 1ll1t1ue loo.!:aZe .. 

. 5.} The cen tri fugal. pump ha .. : been adapted to slurry pump
ing service f~r large c3.:9!tci tieo and at- heuds uP' to three hundrlfd, 
feet. It is used extensively in dredging work, pa,::>er '1ulp circula
ti.:>n and Sil'ulur services. 

Tile centrifugal class of PLUllpS l:lay be divided gen~rally into 
four types: - ' 

1. CentrifugaJ. 
0..) Volute 
bp) Piffuper 

2. Turbi~le ;l' periph~rc.J. . 
:3. r.Iixed flo?1 
4. Axial £lovi 

The centrifugal ,ty.pe of' :rumP ;to so cilleq bec{~ulJo it pro-
, duces ito hend by tho centrifuge..! ncti;m of tho i..l?!cllerG~ On4" tho 

vol1.ite : tY.10 is USedii'l slurr;! oervicc, since the <:liff\lser tY;,;e is 
not 0.(3 I'lJ~3'ed~ Vol'!ltc ~)U.1~)S eTIl)loy n volu;~c c!.l.qin;:. foreOllvcrting 
veIoc! ty hend into ~")reS:iUrc head.. Diffuocr Imr.1,);J u~o stnti "'nary 
vanes outside the'i:n[>oll'cr to .,:ierform tllO S[1f:1C function. ' 

The pcri~)horcl type )roc1ucos i i;.:; lift lTJ centrifuGal action 
In,lt recirculo.teo t~lO lir,uid bot~7een its vanes ::;ivingit u hisher lift 
tor the SCJJe s~ieed t.1Jl(] , diu:.1Oter of impe:a.ler. Th10 rocirc-u.l::'1.ti1l3 ac
tion ~oa.dn to inCreD,8ed, .... Ieur cnd v/ould ncJ:e tIus ty)E.l un cui t.:.h;te for 
a11:!"!"IJ cervi ce. 

The n.."da.l non or ~1:rol)~11er ty)0 of wmp ,roducen ito ef
fect by the "lift of it:;" vn.npo, sinilf.'.;c',':tvthe !-,etion r;f u I3mp's ;1ro
:1011er. The mixed flo-,7tY)El ]Jl"Qc1.uccs. i t~ {l,ctiOl1 '[l.:1.rtlJ by lift GJ.ld 
~)a:rt1y by centrifu.:;.::l.l forco? lioi thor ty)O ho.:1. boon s)ocifico.lly 
ado.:Jted to ,slurrY 1l~1d1;ti1:'; but such Dn u(l,~pt:.lt,i}ll should ra(~uire 
only r.lino rnl tel',: tion fl. 

Centrifucal )Ul11PS ['.l'C used III oOl"'vicc ro(uirinc high Cl'l).:l

city b<..cuusa ;)f t,hoir Ginplicity, low co;.:;t. w,-d djl~ity to o)Cr:~t0 
under (l. vTide vo.riot; of' condl tiono. Tho efficiency in In~3e s~.zcs 
co:'t?urop f~w~)ruhly wit:l o'cher ty)OS .f ';JU1i.i.'o. IIcacl:J U) to thToo 
h1ll1drod foot cun be attdned ill U single 3'1:/<;0. r.lulti-Gtaging for 
hi :-hcr ~ll'oQourcs con be ros- 'rted to in nOB t. Crt,;cS, but this dcoign 

. 11o;s n,ever been found flTi1Cticl1;lbc in. slurry scrvtce *, The indu:::tI"lJ 
rcco"1!'lcl1da th!lt hlghf'i' he.).dlJ he utt:.\ii.',od by cOl.mectiE[~ ;,:oVOl'cl pUl:'lpS 

in aories, tho limit~tV)l'l lying in t.hc tot..:J. prc::m'J.ro;'Ul.ci.l the cas
ing ana otuffing ho~ of the hieheot' )resruro pump Vlould be oble to 

. st...'IDd. . 
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GEintrifugal pumps cannot handle liqutds which are too 
thick or viscous to flow to the pump suction" The V!orthington <Pump 
and ~.1achinery CO:\1:1any found that slurries higher than 20% by volume 
of solids cannot be handled by centrifugals. 

To maintain suc<tion, centrifugal pumps of the volute type 
must be Jcept {)rimed o+, a. gravity feed ('positive head on suction) 
must be provided" Since the liquid to be ha.ncUed may be close to 
boiling tem,Jer:.ture, the latter course must, be followed in order to 
prevffi1t cavitation effects in the pump. 

IV f.VAIIuillLI. CEllTPJ:FOGilJ .. PU~1PS FJR SLURRI~ 

The pump industriJ VillS canvassed by lett.er and tele)hpne 
in ol'der to deteI'!ll.ine what desiens were available to fk'lndle the 
problem at hund. A list of companies contucted 1s given in the np
penPix, togetller with ~ brl'ef descr1;:lti6n of a few of the ~:lore ada?t-
ablety)es~ , 

The volu,te type of centrifugal is the only type s1'ecifi
call, recommended by the industry. It' is 1?eing used at 8.l1 'heods 
u? to ~OO feet i,n the qenired ca)acity r:mg~ (1000 to 12,tJOO 'p.m.) 
Heado of three hundred feet are considered posnible by some concernSq 

The followil1g discussion will gresent the vnrious problems 
'incident to homUine slurries :net 'bIJ the pump industry and how they 
are best h.::mdled. Emphasis' ';'Jill be placed. upon the recort'1lendatl.ons 
of the !L"Jsco-Naglc' Pump Co:u)ony, the Worthington Pump & ?JaChi119l"',Y Co, 
and the :.Iorrls .i'j;,:,ciline Works, as their pumps are considered most 
adaptc'lble and! their experIence in slurry work extensive. FoT.' more 
general infot'!llut:ion on centrifugal pUI:lpS, ,t:,hej,r structure and chtll'
acteristics' the reader is referred to ::1arkt s ;:,iechLmicru.. EFBineers' 
Handbook, Fourth Edition, pnee 1895 ff p, 1941, ?ublished b-I acGraw
Iiill Book CO:l1?nny, Inc. Reference may be made to figure 1 for oon
struction und n01'lonclo.ture. 

n.) Erosion nlld nbrasion:- Wear due to erosion.::md abra
sion may be minimized by :11'0:1er design, Tflnteriu.l.s of construction 
and various mechunico.l contrivance3udded merely for ti,us purpose. 
Erosion effects are chiefly due to cavit~tion ru1d eddy currents. 
Abr:'lsion is defined Co;) the ncti:m of solid :)articles upon the ~)urnp 
,parts. 

·Cnvit:.~tion results when presruro head io converted to vel
ocity head to such an extent that the vn:;'Jorc>ressure ~)f the liquid 
exceeds the static :1ressure, thus causing va)o.rization. Bubbles 
passinc In to higher pressure then collapne' suddenly c::~usil1g 
a~;,"ter hru:Jmer which renul to in WC~,tr of the netal surfaceso 
C~lvj.tntion is 9revcnted in Co properly d'e::ll.::""'lled pump b-j' reducing the 
fluid velocity to within proper limit~'ru1d ~J providing grndually 
cur'vLlg Lapollar surfllcesto prevent oud(iell vf)loci ty ch;:,l.i'1~cs. 
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OEintrifugal pumps cannot handle liquids which are too 
thick cr viscous to flow to the pump sui"Uon.. The TIorthingtOl1 ,Pump 
and l'.1achinery CO;;l~1any found that slurries higher than 20% by volume 
of solids cannot be handled by centrifugals. 

To maintain su~tion, centrifugal pumps of the volute type 
must be tept primed o+' a gravity feed ('positive head 011 suction) 
must be provided" Slflce the liquid to be handled may be close to 
boiling ter:l,Jer:i ture, the In t tel" coura9 must be fol101l'led in order to 
prevent cavitation effects in the pump" 

IV t\VjuL~U3Lr, CEllTHlFUGAT .. PU~,IPS It'''0R SLURRIES 

The pump industriJ Vl'..lS canvassed by let tel" and tele'.'hone 
in order to deter.nin9 what desiens Vlere available to hancUe the 
problem at hund. A list of compuuies contacted 1s given in the ap
penjiix, together with a bri'ef' descri:!tion of a few of the ~:lore adapt
able'ty,:>es. 

The volute type of centrifugal is the 01113 type specifi
call.; recommended by the industry. It' is being used at SJ.l 'hoods 
up to ~OO feet ~n the qesired cu)acity r:.mge (1000 to 12,rJOO g;p.m.) 
Head::; af three hundred feet are considere9. posoible by SO!!l.O conce:rJ.1Sq 

The followll16 discussion ?lill present the v.:rj.ous problems 
'incident to han(Uine slurries :net by the pump industry and hoVi they 
are best handled. Enphasis will be placed upon the recon'!lendations 
of the JI.::lsco-Naglo'Pump Co:n;,nny, the 'Worthington l'u.ilP & i'Jachinel"Y Co, , 
and the :.1orr16 i'jt.:~chine Works" as their pumps are considered most 
ada.pt.'lble and! their experience in slurry work extensive. For more 
general infor:i1ution on cen'trifuga.l l:J!lT.ll)S, ,t.heir structure and char
acteristics' the reader is referred to :;Iark's i:1echnnico.1 lillr,ineers' 
Handbook, F:ourth Edition, paee 1895 ff .. , 1941, :;>ublished by'I:icGraw
Hill Book CO:llpany, Inc. Reference may be made to figure 1 for son
struction Md nor.u:mcluture. 

n.) Erosiol1_ and abrasion: - Weur due to erosion.::nd abra
sion may be mini."lized by ?ro~)er design.\l materials af construction 
and various mechanical contrivancoi3udded merely for tlus purpose. 
Erosion effects are chiefly due to cavi t3.tion und eddy currents. 
Abr:lsiol1 is defined a;; the D.cti:m of solid lJarticles upon the ~1Ump 
parts. 

·CD.vit,'.~tion rcrults when presG"Uro heod is converted to vel
ocity head to such an extent tlmt the va:)Or,1ressure ~)f the liquid 
exceeds the static :1reasure, thus causing va)Qrization. Bubbles 
pnssinc into higher pressure resions then collapne' suddenly c:~~using 
D.'i;:-tter haumer which reoul ts ill e::(ccsoi ve wc~,tr of the notal :mrfacesc 
Cav:i.tation is !;)revcnted in a properly der.ll.:,"ned pump b-.:r reducing tho 
fluid velocity to 1uithin pro90,r limit~'and by providing grndunlly 
curvLlg i~npeller surfu.cesto prevent :::mddell veloai ty ch;1l13CS. 
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Eddy current effects appear at the periphery of the im
peller and in tho, spaces between· the shroud rir~g end the shie~ d 
plate.. These are caused. by dead spuees within the casing and by the 
viscous shear between the ~tating .:tnd sto.ti0nary surfnces •. Eddies 
1:1ll;/ ;:>e reduced by pro;?crly curving Sll.I'f.,c:eo particularly a.t the im
pellor tips t'llld along the outside of the i~l}eller • 

. The pressure differenco between the discharge and the suc·
tion of the pump causes a reverse flow, Imowl1 as 611:'po.go, to 'linke 
place along the outside of the im?eller ~Thi6 reduces the \,fficiency 
of the pump and may be minimized ~J providing a ~)ath of high pres-. 
sure drop a;:;ainst this flow. Such 'a. path is provided by closely fit
td.ng SQ,rfaces and by 90° bends, the latter frequently taking on' the 
configUration of u labyrinth. The use of sharp bends such as is :3hollm 
in figure II violates the }ril1c-i?le i,f gradually curving suri\.lces rind 
so is apt to wear nlore quickly. Their use is to be avoided in sluriy 
pu.r.lps. A wearing ring Sllch as sho1.'m in figure I is .:;>rcferred. Yiear 
thut takes place on this wearing ring is' prob-1bly rile of the "mo:3t 
seri0u13 causes of a pump! s failure to deliver rated capacity and head. 

The ,roper choice of li1UtOrit!.ls is also import::;nt~ For slur
r"J work9 where particles a.renot abra.sive, ord-tnary iron or uny.other 
!lump materiei.l will suffice. ::1un~Qnese steel haa. been found pnrtiou-" 
larly useful in abrasive service m1d h;. .. ~\OO by i\msco-Nu:.;lc in their 
dredge and sand pum:>s because of its hardness and tou::;'ll1ess. ijorth-;
ington, recocl';lCnds the use ;)f Viorthite, a stninless, high nickel chro:
mium steel COlltuining r,1;':mgcnese and l;:tOlyoo()num, for service -:'7herc' 
no t only nbraf'lion but also CaITO sion effects' occur ~ A typic~l' UGO of 
this l1uterinJ. is in pumps hl:lndling brine alurrie::;. i.1orris L!:lchine 
;;orks reco;llLlend3 the use of u hardening or D. suri'::l.cing trefLtmcnt of 
the wearing parts~ clair.ling· that ordinn.ry steel so trented ,'lay even 
be superior to i:lan'!.FIl1Cse oteel in fleering (lunli tics. 

SOJJe' slurry {YUJ!lpS ::ll'S lined wi tp. rubber. or ~)la3tic nater
icl;"! ;-(i.:i.ch arc resistant to abrD,3ivo particles •. Such d~vices ure . 
not practical in the proposed vlOrk because of their orgtlniQ nut1J,re. 

A method of ;:>reven ting abrn.si'Vn particles, lodging outside 
the i;n;;>~ller from nbrading the surf,-~oos with 71hich they cone in C01'1-: 

tnct, is to swec? thE(:':l out by injectill,3 a stroar.i of clear fluid (-.,utcr) 
into all ouch spaces. prov:\.ded it is wlder a head high enough to 
c:::..use flow to''Ju:rds tho discharge, tillS streu~:l sVJec~)s u:;m..y the 1.1urti
cles. Th:i.s device is used principolly on rubber lined pwnps. Pcrlj7 
Na~~le of the Aasco-lJagle Pump Co. doub-lis the need of th~s i~1 metol 

. pumps suchns mane(1l1eSe steel. The abrasive wenr is not significant 
in cO:J:)[lrison to the erosion effects. 

b.) Le~.ka,,,,:e: - The only leru;:u3c oecu1':::: through the stuffing 
box, which cl1clones t:le S'tKlft ;;711orc it p:i.erceo tile cti.oL'lg. The most 
CO.;)'::lOn ty)€ of stuffillg box el!U1oyo tl pucldl1g, '.:j:lich is preo:~cd ticht 

" 
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. pumps such ns mang .. lllcse steel. The abrasive '/Ienr is not significant 
in CO~:J:>arison to the erosion effects. 

b.) Lecl::.a;,,;e: - The only lcaku,3c occur.:J throuzh the stuffing 
box, which (mclones t:le shaft where it p:i.erceo t~le Cl:iDL.'1g. The [!lost 
cO.:t:J.Ol'l ty)O of stuffiilg box ent)loyc a. PU.CkinSll ';j:dch i s preG:~oo tiCht 
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agt,':'.l3t the shaft reducing liCi,uid rle!'i'l Qut:'"lc.rds .fr,0:1 th.c c::l3ing.. Such 
stui'i"ing boxes l1~vor }revent leo.kuee entirely if tile i:J.)ellcr cr:.d is 
under )resO"llre.? but ruther reduce it to a r.linimum. A oimlllflow is 
usually provided to lubric.~lte and cool the pac;;.iHg. Slurry pumps re-. 
quire 'the inj.ecti on of fluid in to tile s t't.lffinz box to )rcven t the lodg
malt of :xl.rti.cles in the )t:i.cl:ine 'where thc;:r Vlould contribute to $aft 
Vlear. Ii1801uble greasew'lder.lrescruro .. is :..Uso useu but .LS n·.Jt aP?lica.
ble ill the pro.?9ood i1rocess due to its org:ll1ic nature. The injected 
fluid (water) is uGeu also to lubricate tile pnckil'lg <l..1'ld [\!.1ounts~ in 
l:tediW:l capacity' pumps, to !.1.bout £0 dro )8 PCI' mir.ute. 

LC:'l.k.D.ge incre!J.Jes ·;d. til weur or: tho ?aC~d"lg and "renourc drop 
fro:1 cnd to end of the stuffir.g box. Thls may be ~educed by decro:.:.8-

the .)rc~l.:mI'o at the iJ:'ly>el:J.er end.. ThIs is commonly done by per:" 
rorating tilodend L1peller shroud.nith a lJreB:1Ure rclicf.)ort, so ih~,t 
tll<') end of tile stuffil1g box io atoucti(.)11. )TOaGUI'e, [I.;) 10I:"3 an the 
port ia ,L.ree enou~h t) renove all sl11)0.::;0· throll~::h the rc:.~r IjTe~~rine 
ril1g on the .oock ~r tho i;.lpel1er.. If tile ::mcti)[l pro;:;::mre ·is lO",;Ter 
th::n o.tnos)heric, 11.0 le~·l=O{f.e Cf:.l1 .)CCUT. .i\.n iLcrcu;:;ed sli ))O.go due to 
wear ';'1'111 ;:rc.dl,lc.lly ir.crcQ..3e the }reo:Jurc ut, t~do ~)oirit, hO",leVOr, if 
the cQ.)uci ty of the ports iD e::ceeded. 

Other ty,.,cn ·:.,f ot-J.ffir:g bo:xe~ :::.rc t~le .)~:c::il1.~lcoo vurict".r '" 
o~cr:.;;:ti~g . O:~I tiw: ··)rL1Ci .0 ::.f rot' -.I"lJoea.ls, ::1111.1 :1c.d.e :U:') ..:>f i: f101::t.er . 
va.ne~1, .S:;K~l ro!.s;r,r )l'Oj}ellero and the U::e. T~le runni.i1~ ch~rf,-ctcrin
tico of the .... o GOu.ls io believed t) be :m)orijr to the c:;;mmon st.uff'iaC 
box, clth.)u£:;il thC',f tend to lonl;: quito b:.tc.l1y on ;Jhutllo':,l1. Fur-t.:LOr in
vooti;;;·tLm of tlns p·s3ibilit.1 is bci113 c~~rriod Jut. 

c.) Lubric:':Ltim f;l1(l Be·lrin.as:- The be:t;t dosi~l1o of ;'JUtlrO· 
t.l.t the E1re;;cnt tL1C cm)loy zrc~!se lubric~l.nt,S ill : .. Jco1ct~, bc~.rLi:; 
I3t!llld. Orr;;:..nic. lubricunt.J ure barred .froJi~ use il, tIle ;)ro)0I300 pro
ceSi3, however.. Other devices UGcc;l nrc ~/~:.tcr lubrlc'ltion vTit.h Btllccli tc, 
t:::.r ~r"1..1hi te or le[cther c:)":l)oni tiQn be. "rin0;J, le~t,.:in.::. to the ;'3~lne dif
ficulty. One i)osoibili ty is the usc of [;Trnlli te bronze be ... ~rin~s» 
citi.l(;r of the co .. :r)osite or t.he inlo.id -type. Thc;:;c 'IUY be o)er,:.ted 
,,';:1.::':1 or ,d thout water lubricntLm nnd coo1in3, de,1Cllclil:g u:lon the lo;:.d:1., 
Tll\..ir use is restricted to rndiEl bearings. 

The thrust bearing is i.1;) rtnnt in k.ting Ul the thru::;t 
forces of the lJUmP und ;",ail1tuining t.he :)rO~1er ali~"lcnt :::.nc1 cle::;.r
anees il1 the ;lump. Tirts be~~ril1g is ordinarily pL.cOO directly bc
htnd the r,\dic.l be·:u'1.i·g in the. be:J.rine .1tc:x.d, [;1'0'':'.10 lubric~::.tocl :..;;nd 
o.djus~:.bl~ for wear. It is unlikely that grH)h:ttc-broilze be'>rincs 
Vlould be n)flllcuble in this p'Jsition. Pumps have boon ','ri th 
their thrust bearinGS ~Jla.ced behind the driver. 

An e:;.;:tcnded shnft Ilay be utilized il"! oruer to a.l10";'1 the 
t:Cl;Jt bo:~rir:.e: Ul1.d ::-totor to be ~1lil.ccd sorle dintnnce fro ~ tho :'ump •. 
ill.'. Il: .. ::le, \)f the Am3co-IktCle :PUi:ip 00., fcel3 th,.t GUch D. cJ.c;Jign io 
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a.gt-..:,13t t.he shaft re(llcil1.g liquid flow out"l:::.rdn fr,O:l th.e c:)'31ng.. Such 
stuffing boxes l1~vcr }:revent lcaka.ge ontirely if the 1:1)e110r ond is 
under )resIT'llr~.? but ruther reduce it to Il r:ti.nimum. A 3t10..11 f10'l' is 
usuclly provided to lubricate and cool the J.lac}~ing. Slurry pUl!l.pS re-" 
quire 'the injection of fluid into the stu.ffing box to }rcvont the lodg
IDe11t of ~)arti.cles in tho }t:i.cI~inc ,Ihere thc;:r Vlould contribute to ::;;llaft 
wellr. IiH:lolublo grease .w1der)resoure .. is ::uso useU but .LS n,,)t t:l.lJi?licu
ble il1 tho prO,:'l9ood j1r0cess due to its org:Jl1ic naturo. The injected 
fluid ( water) is UGOU nl so to 1u bri ca to tile pr~ck1l13 and amoun tfl ~ in 
mediw:l cllpucit"1 pumps, to al)out £0 drO)8 per mir..ute. 

Leakage incr0::1.";08 wI th ~j'le::.lr or:. tho )o.C~di.lg :.md "reSl3uro drop 
fron cnd to end of the stuffir.g box. ThIs may be ~ed1,lced by decre.':,s
iug the )ro;.,;mre at t.!lC iJ:'lIlel:.t.er end. ThIs is commonly done by per:'" 
fOTating thodeud i:Jpeller shroud,1"/ith a lJreBI1Ure rclicf.)ort, so th~,t 
tlld end of tIle stuffine box io o.tsuction )renGure, n:..~ 101.: nn the 
port is l~',ree enou~h t) r()I'lOVe all slil~')a,;()' throu~~li the rc.~tr uc~~rine 
ring on the ,buck 0,)£ thc i;.i;)cll()r9 If tIle cracti)[l PI'f;~:iure ~is lO';lcr 
th~n o.G!los)heric, 110 le~l~Q{!:o Cf:ll .)CCUT. ,iln iLcrc::.lsed sli) )0.:;0 duc to 
weur will zrecJl,lc.1ly ir.crcQ.:3e the )reEH.mro at. t:~i 0 )oirit, hO'"evcr, if 
the CQ)ucit:r of the ports is ~:coeded. 

,Other ty')cn ,:.,f otiJ.ff1l:g boxe~ r.rc t::le );.:"C::i11::;looo vur1ct"J,. 
o::>cr:.;;:t.i!lZ,O;~. tlw:"1rbci)::.o ::,f rot' . .FJoea.ls, ::illd ;'lC.de:u:->..:>f i:ricl::l.er, 
vo.ne~" .S:j.:-~l ToLa.r-1 ?l'OLJellers und the li::e. T:1C runn i.113 ch2.I'n.ctiorio
tics of thewc 130,,:.10 io believed t:> be :JU)cri.;.I' to the; c':;mon st.uffii.1~ 
box, clth.)u~h thcr.r tcnd to lenk quito b:_~c.11y on ;;;hutllo·:,u. Furt.:LOr 1n
veGti~;'ti')n of thisp',s.3ibEi t; is bcin3 c:.~rriod .:Jut. 

, , ' . 

c.) Lubric~L ti m f;ll(l Be'lrin,qs: - The be:ot dosi.:;no of ;:JUr.lpO' 
t1.t tho ~lre;;cnt ti:1C cm)loy zrc:!SC 1ub:ric~1.l1ts in !l. :Jo.:W.e(i, bc:·.:rLi~ 
stllUd. o rr;<:..nic. lubricant .. '! arc barred 1'ro);,; use ill the ;'>ro.lo:Jcd pro
ces;;:I, however. Otilor devices usoC;l Qrc -:;J~~,tor lubric'ttion vlith Bd,<::clitc1 

t:::,r erLl.,1hi ttl or le[cther c:')'])oni t11)n be l.rinz:..!, le:,.>..'.in,:':' to the 3"ne dif
ficulty. One )ossibili ty is tho usc of r;rn:)hi te bronze be:,rin:rsp 
eiti.lcr of the co,:l)osite or t.he inlaid type. Tho;:;c :lny be o,}er,;,ted 

~:l or without Vlo.ter lubricntL)n f.!.nd cooling, <'10,)oo(1i1:g u:)on the loah~, 
Th<..ir une is restrictoo to radiEl bearings. 

The thrust bcuring is i,l~ rtnnt in td:ine u'') the thru3t 
forces of the pump ::md ;':'luil.ltuinil1g the :)ro~)er o.lic;nl':1Cnt :;.nc1 cle~.r
ances in the ;nlI:1p. Til.:ls be:1ring is ordinarily p1:;,cOO c1irccUy be
htl1d the r~\dic.l beo.l"iig in the bC!lrine .}t:;.r.d,t [.;ro'.:.::o lubric::,:tod ond 
6.dju$t.:::.bl~ for v/cur. It is unlikely th.at graJh:t to-bronze be'>rincrs 
vlould be n);?licable In this pJsition. Pumps h.ave been :'l::::.de ','Ii th 
their thrust beQrincs :Jluced beh.ind the driver. 

,All e:.:::tended shaft I:l.ay be utilized il~ order to ::.lllOTl the 
t:c,;.;t be~~rir..,e and :Iotor to be ~)lnccd sone diotnnce fro! the :'ump., 
ilr. lJ:.,:.;le, ()f the .i\'ln:3co-Ht~cle ?ui'iP 00., fcel3 th~"t GUcil D. c1cJign io 
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50,,1e of hi's 4esigns use shnfting up to fifteen feet in 

v. ABILITY TO. ;.mETR]'.CI!UIREJE:TS 

:; .) 'The heads and capacities required for the 9roposed pro
cesses may be met with exist:illg designs. The possibility' of hends 
above 300 feet will call for two or m,')re pum)S set in series. 

b.) Hold-uQ:- Hold-up is a new consideration in the ~~p 
industry. The ~JroblO!ll of reducing the free volur.e J..n til. "puinp has 
never b~ell handled befpre except under thE) guise of reducilig the 
space roquirements for the :')'llr:l.p~ In order to undersumd thi:.::r pro
ble:n, it '\rill be necessary to diacuss cUL'Cl.ci ties, heads und the -
specific speed of a ·~1ump. The latt.er is 0. classification of pUIilpS, 
em:')irico,l limits of. 'which have been found useful in thE). desigl"l of 
pumps to qvoid c.m:viU;ltion effects. . 

For a given c·a.paci ty pump jI the he~ld is propor't,ional to the 
dio;.:1eter ~d th,e. square of. the impeller speed. The re(juired ca11a
~ ty of .the punip will gOV8tU the width or dia.mpter of the irllet· eye 
and disch(i:t;ge no.zzle ntlQ hence the size.. VIi th the yddth being fixed 
by the nozzle size" a decrerlse in free volume' of the pump CDn only 
be effec~d .1;>y a decrea.se in impell~l' and casing diam.@.ter .. · F~r. a. 
givenht.aJ~ (! d~t:r"'{);3g· iti u1!l.'i18t~:r C'f\lls for t.m inl~r~.'"n{" . 
in speed of the pwnp.. . A lower limit, may be reachea ih the <liameter' 

,.of the pump impeller, because oi' inlet size Wld ninimum vane lengths. 

The Hydraulic Inst:i tute1 an orgunization made up of lJU1llP 
manufacturel's, has defined the s)ecif10 . speed of a pump a.s the speed 
with which a. geometrico.lly .sirUlar pump must operate in order to 
deliver one gollon per minute against il one fo.ot he.2d~ Mathemati
cally this may be defined as:-

s=1~2?9:~1i x (r.p"m.) 
(head) 5/4 

Capaci ty is eA-pressed in g.p.tn.; head in feet. 

The Institute hns set empirical lim t3 to the 1Jaximur:l s;:)~cific s:?eed 
of various types of :mmpsJ theso 11::1i ts being eoverned . '0-1 the ruc
tion pres cure and speeds at w!dch ca:vi tntLm has been found to re
suJ-t. For a. sjngle, side . suction ;:mmp (the ty;;>e used uJ all slurry 
pump manufa.cturers) this limit lies below 4000A Slurry pumps us
ually have values well below this figuTe, and. the specific speed 
11r:1i t will vary .. d th different designs. . 

The hold-up in ;"lresent designs of oentrifugal'slurry pumps 
has been estil:lated to be 100 gallons for a:n 8000 G.P .. M~? 160 foot, 
head pump •. Lower free volumes should result with lower required 
capaci ties nnd heads. The above fi~res are for the Amsco-!Jagle 
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- 8 -

507':le of 1116 designs use shnftine up to fifteen feet in , 

<;.) ·The heads and capacities required for the !,Jroposed pro
oesses may be met with existing designs. The possibility of heads 
above 300 feet will call for two. or m:n."'e PU!n.)S set in series. 

b.) Hold-ue: - Hold-up is a new consideration in the pump 
industry. The .i:Jroblem of reducing the free '\r-olume j.n a :fJU4ilp has 
never b~€ll handled bef'pre except under the guise of reducing the 
space requirements for the :)ump~ In order to understnnd this' pro
ble:il, it 'Will be necesoary to discuss co.L>a.cities, heads und the -
srecifie speed of a '~11lIDp. The latter is ri. classification of.' pumps, 
s-lJl:jirical limits of, which have been found useful in the, design of 
pu1:tps to qVo.id ca~i U;l.tion effects. .' 

For a given c'apacity pump, the hend is proportional to the 
di(..i.,:leter ~d th,e. square of. ·the im.peller speed. The rec.;uired capa
,c! ty of .the pump will govfA:u thev.'idth or diamr,>ter of the il:'!let· eye . 
and disch{lI.'ge nQ3z1e anij hence the size ... VIi th· the yddth being .fixed 
by the nozzle size., a decrease in free volumE,l of the pump C8.l1 ordy 
be effec~:1;>y a decrease in impeller and casing dimne.ter,,· F6r. a 
gi."I7enht:aJ, <l d~t;r",zi;3e. iti U1~-i1~t!';):r eAlls ['Or an inl~r~.-'+fit> . ' 
in speed of. the pwnp" . A lower limit muy be reacihei:i til ~t;h6 a.i:lmeter· 

.' of the pump impeller, because of inlet 5i ze ruld f.linimum vane lengths < 

The Hydraulic Inst;i. tute, an org,:.mization made up of )ump 
manufacturers, has defined the s~)ecific -speed of a pump as the speed. 
wi thwhich D. geometrically .sirUlm- pump must oper~rle in order to 
deliver one gallon per minute against a one fqoi:- head. ii7uthemo.ti-· 
cally this may be defined as: - . 

s =j~i?iiai:ti x (r.p"m.) 

(head) 5/4 

Capaci ty is expressed in g.p.rnA; head ill feet. 

The Institute 1m3 set empirico.l lim t3 to the lla.ximu:r.:t. s~:)E'cific speed 
of various types of :.mmps. theso li::1i ts being governed IT! the suc
tion prescu!'e and speeds at w!lich covi tnti:.m has been found to re
suJ-t. For a sjnzle, side'suction ;:mmp (the ty;,:>e used b'J D.ll slurry 
pump manufa.cturers) this limit lies below 4000A Slurry pumps us
ually have values well below t.lti.s figuTe, uno the specific speed 
lir:li t 'Will vary .,;vi th. different designs. 

The hold-up in ;'}resent designs of centrifugal- slurry pumps 
has been estinated to be 100 gallons for an 8000 G.P.f.1p ~ 180 foot, 
head pump. . Lower free volumes should result .... ii th lower required . 
capac! ties and heads. The above figures are for the Amsco-lJagle 
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Type S pump~ Calculations, using the allowable specific speed for 
single suction pumps under vurying cD.;?acit.ies un.d. hends ll sho~ tha.t 
the free volume in commercial· designs of water pumps is wi thin 20% 
of the mini."llUm Dllowable for single suc¥on designs. SlurI"tJ ~JUmps 
must be designed upon a slightly more generous basis. 

The Hagle, llType 8 11 , pump seems to be the best one of' i t.s 
type for slurry serVice dem:.mding long life und mini1!l1lr.l hold-up. 
Smaller required capacities will allow the use of a smaller pump. 
In Pa Naglets opinion, a lower head would only result in lower speeds~ 
as the blade length now lies close to t;i minimurn for pro;1er hydraulic· 
action) resistance to wear and . ability to fabricate 1rl this design. 
The impeller diameter is 59 1/2ft • The suction eye (gove~ed by the v 

capaci"tty of the pump) is 16". The hu h. dic..nlElter does l1;)t, permit the 
j::)lade to begin at les:3 than lOti on the radius. ~he blade lengt;h is~ 
therefore~ only 10" measured radially, and a reduction below this 
size would. be inadvis~ble and, at ~'est, inSignificant ill terms. of 
hold-up. Smaller papaci ~ pump~will !?ermi t smuller suction €fle dia- . 
meters and a ~maller vane lengthp so that a 1000 g6p.m. pump may use 
qnly.a 16 n wheel g qnd have about a 10 g~lon hold-up. 

Other types of ppmps .;nay re(luire less free volume, but" are 
not .1.8 s:ltisfactory in slurry workD The' axial flow type is considerEtd 
in a later section. . 

c.) §ltuffing ~xe~t- The p.:'l.ck:ing type of stuffing box is 
objecti;onable fro!!! the point of View that i.t requires. a w::ttel" seal" 
loses 'e fficiency through wenr 9 and 'Nil,.! never eOr!pletely seal against 
a leak,' as long ns the liquid side of the stuffing box is higher iri 
pressure than '!ihe atmospheric side~ The following alterations of' the 

. PJ'esent 'wpes h.ave been suggested: 

1. The 'stuffing box may be backe<tup on the atmosiJherie 
side 'l'li th a gas pressure cham'ber bala.'lced. ago.inst 
the pile pressure by a direct-pipe connection. This 
~vill reduce. the pressure drop across the stuffing 
box to a very small value if not entirely. elimimate 
it. (See figure II) . 

2. A direct pipe connection can be made between the 
liquid end of the stuffing box anq the suction eye 
of the ir.lpel1er!1 in order to keep tho s;;,uff'ing box 
at suction pressu.re~ L. Ohlinger feels that this 
will be deSirable a~1 the pipe connecti.Jn C.3.tl be r:tade 
large enough to ~~dle all slip?age to the rear of 
the .io1)eller. . 

5. Sealing vvater, ap.:;>lied to the stuffing box f is al
loweq. to flow outwards through the )llcking in order 
to provide lubrication and cooling~ 'rIlis f1m1l' ITl83' 
be collected in an air tight ca3ing and drip pan, 
the liquid being returned to the system. A Gling 
ring attached to the shaft would prevent loss b'lJ 
capill~J action. 
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Type S pump~ Calculations,. using the allowa.ble specific speed for 
single suction pumps under varying ca.!)(lci'ties und hendsl' shoVJ tha.t 
t.hefree volume in COMmercial. designs of water pumps is within 20% 
of the minimum Dllowable for single suciti0n designs. SluI'rtJ ~1umpa 
must be designed upon n slightly ~OI'e generous basis. " 

The Hagle.\' "Type SII, pump seems to be the best one of" it-s 
type for slurry serVice demanding long life and minimum hold-up. 
Sma.ller required capaci tics lInll D.llow the use of 0. smaller pump. 
In P A Nagle1 s opinion, a. lower' head would only result in lower speeds:; 
as the blade le...ngth now lies close to a minimum for proper hydraulic 
action, resistance to wear and ,ability to fa.bricate irithi~ deSign. 
The impeller diameter is 59 1/2". The suction eye (gove~ed by the v 

capa.citry of the pump) is 16 n • The huh. di.l.IDe;ter does not, permit the 
~lade to begin at less than 10" on the radius. 'J'he blade length is, 
therefore~ only lOti measured radia.lly, and 0. reduction below this 
size would be inadvis~ble and, at ~·est, inSignificant ill terms of 
hold-up.' Smaller papaci t:r pumPl?wiU permit sl-:lo.ller suction eye dia- " 
meters and a ~aller vane lengthp so that a 1000 gAp.m. pump may use 
qnly. a len wheel l1 ~d have about a 10 g~lon hold-up. 

" " " 

Other types of pp.mp~ :nay recluire les8 free volu.llle, blr~. are 
not ·'lS s:ltisf~lctOry in slurry work Q The: axial flow type is conside!'~tl 
in a later section. 

c.) ~turf?-ng boxes: - The p.:'l.cking type of stuffing box is 
objea'f;4onable frcm the point of view that i.t requires. a water seal, 
los~a 'e fficiency through wen:r~ and wilJ never cor.pletely seal against 
a ~etik" as long ns the liquid side of the stuffing box is higher iri 
pressure than ·I:.he atmospheric side~ The following a.ltero.tious oftha 

. present" wpes have been suggested: 

L The 'stuffing box may be backed. up on the atmoSiJherie 
side 'N! th a gas I'ressure chani\''!er balal'lced against 
the pile pressure by a. direct-pipe connection o This 
~vill reduce. the pressure drop across the stuffing 
box to a very small value if not entirely elimimate 
it. (See figure II) 

2. A direct pipe connection can be mnde betweal the 
liquid end of the stuffing box nnel the suetioll eye 
of the inpeller, in order to keep tho s~uffing box 
at, suction pressure.. L. Ohlinger feels that this 
will be desiro.ble a~, the pipe connecti0n C.:IJl be f!looe 
large enough to h~dle all slip?~gc to the real' of 
the" 101) ell e1' • " 

5. Sealing water, ap;>lied to the stuffing boX9 is al
lowed to flow outwards through the }llcking in ol'der 
to provide lubrication and cooling. Tilis flo;7 ID8¥ 
be collected in an a.ir tight casing anu drip pan, 
the liquid being returned to the ;3Ystem. A oling 
ring attached toths shaft would prevent loss b'1J 
capillar~ action. 
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4. For_ a vertical pOt:.ition of the pumplI the packing 
cUt"l be eliminated in the g~".s :1rep.JUI'e bulanced , 
stuffiLZ box., if th.e shutt is extended uut through 
a loose sleeve [JUd the ':::>UIDollaced ut such a lovel 
thut the liquid level at the" stuffing box extends 
only a fe;"] incheo into the sleeve. Such a se.:ti 
'would not require sealing wuter. ,(See figure II). 

The rotary ty'~)e seals may be 9referec.J,J.e to those listed 
above, and an investig~Lti;)n into thei,r adaptibili ty is being under
taken", 

d .. ) Erosion and sli;)pa~ie;- flith no maintonance ulloWed on 
the pumps" it is expected that the life of centrifugal pum';:>13 r;t~ be 
4 to 6 months, before the efficienC'lJ drops to an WleCOl1o:.1iC:ll lcvfil, 
or the ~)ump 'becomes inoperable. The life' of the pump nIl de)end a 
gre<:;.t deal upon the speed, f1lld pres:.rure of o;,Jeratioll and u[.lon the~ 
size Ui.1d abr~siveness of the particles.. Lowered speeds u.YlU pre;:mures 
aJ."£ reo:"uced particle size may be 6X'pected _ to extend the ;:>ump life. 

e.) Bearings a.l1d lubrication:- For the radial pump ber;:.r
ings ,I it is likely that .the graphite-bronze 17.{)e will be applicable. 
The thl;'Ust bearing) requiring l!lbricati0n and:.tdjustment, !:lUst be 
::>laced outside the Shield. Correct design of un extended shaft should 
permit the placement of pump b~aring ::mu motor in such a position:> 
although the:;,J11oblem of alignl'!lellt will be a ticklish one if temgera~ 
ture variations are encountered. 

VI ~A1-FLO~J PUMPS 

The axial-flow pump is essel1t~al.ly Q, large ca:>D.city, low 
head centrifugal., It o)er~~tes by the lift of i tf! prbpcllor pushing 

- the liquid along the pipe line wi thout .u change of direction in the 
. pump i toel±,. Figure 5 is an illustration of tl'dsty,peof' P:utnP, to
gether with ul toratbns th:J.t may make it l!lOre ada:) table to the proposed 
process. 

Axial flow ,?umps have a narrow .rO::il1ee of high efficiency 
at rated cap::..city. Decreased deliverJ il1creuoeu the 11e:.1(l to such ~ 
extent thLtt the driver is frequently overloaded. Pro~)ellor ~)U!n.js 
cannot be regulated by tl!Xottling, and so may be used only in con
stant capa.ci ty ¥Jorlc" 

The lurger ca.~)aci ty. :,)umps (thousondi3 of g. p_ m ~) are c/i:'\pable 
of producing as mUch as 40 feet -:)f' heoo :In c. sinzle Sta20, this mc~
imum falline off with smaller sizes of \,lumps - below 1411

• 

Axial flow ~um.?S are not normally used for slurry ';lork. 
The,,. have been known to o~)er.:lte without appreciably accelerated ero
sion. when handling sunde in sus:)ension. These ptunps are not as long 
wearing as the )ure centrifugal, since they employ ruJ 0 )ell trIpe of 
imlJeller ~ i. eo, they have . shroufl rines to protect the bL1.dos· fro::l the 
erosive act:ton of slippage. Since tho efficiencw do)ends upon tho 
close clearances between: the ca.sing the the impeller, wcar a.t tho 
blade tips clecreU£lea ef'ficien,,..y w.licn in turn accelerates weur. The 
increased speed of the a.."d.a.1 pump also contributes to its prob~l,bly 
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that the liquid level at the stuff:l.ng box extends 
only a fe;'1 incheo 'luto the sleeve. Such a Ele::u 
'would not require sealing wn·tcr~, "(See figure II). 

The rotary ty':)e seals may be '1referec..bJ,e to those listed 
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shorter life. The wearing rq,te of. all' a..ual-flow )ump irislurry ser
vice would need to be' obtained by test before its eJIliaptabili ty can 
be .deter:ufled. . 

The chi~f factor in favor of axial-flow ;oumps is their de
creased free-volume or 'hold-up. , Axial-flow ~JllmPS cnn o')erntE:l at ',a 
higher specific speed than pure centrifugals (about 9000). This 
means that the iupeller diameter may be reduced to the oize of the 
pl;.:>e-line carrying iile liquid to be, pwnped. For nn 8000e.p·.m. cap
aci ty" it is estimated that. a hold-up of 20 to 25 gnllon S will be 
re(uired in the pump casing i tsel£ • If the Suction elbow is included 
in the calculation, the required liquid volume equals that rer,uired 
by centrifugals - 100 gallons., An axial-flow ;:rump may, hon-ever, be 
included in the hender of ~ her.t exchunger. It mny, furthermore, re
c,uire loss l?i~,}e· line to fit 1 t into the system.. and with the present 
configurc..tions cOllsidered int~le e:h-ternnl system of the homogeneous 
?ile,' it promises to simplify and reduce the hold-up "if the entire 
system. Thene considerati·-;ns may not be true elf 3':}i".lle1' cQ)acity 
units, aathe maximum head de:Uvored ;;'ler st:J{~e on smcller ,tlodelQ is 
considerably below 40 ft., A two-stage, 1000 g .p.m. '::mmp would be 
required t? pr,)duce the same h~ad. ' 

- ' 

vn CU::CLUSlm~S .AIID RECO'.lv:lmmATIJNS 

1.) The cent.rifugal pump is th'c' preferred type for slurries 
on the basis Qf its known characteristics. It is r.J.ore .::l.daptablo to 
sluTr,v service, to a range of heads fron 20 to 500 fect, in moderate 
capacities 1000-2000 g.p*m. 

2~) The nxiaJ..-flow t:ne of :rumP ?romises a grea.ter simpli
c1 ty of pile deSign and probably lower hold-up in the' system. This' 
trpe of ,pump must be s~verely tested before acceptance. . 

5.) There are several problems that may require consider
able development, na'llely sLuffing-boxes ( .. d. th em!>hasis on a rotary 
,type seal) 9 bearings 'tt'ld shafting VJi tJl particular reference to main
tenanceof shaft' o.nd 'LJULllP alignment. Testing of the adapability of 
grapbi te-bronze bearillgs is necessary. 

4.) Hold-up in the pure centrifugal pump proba.bly cannot 
be safely reduced from preoent va.lues. Increao9d. ~peed is likely 
to lead to harm,ful cavit::.ti,)nl) and cerlall1_y to inCI'GUsed. wear •. Axial
flow poops appear to be the only resort as regards decreasing hold-up. 

VIII PRESE:T STATUS 

A genernJ. survey of the pump industry has been completed. 
There are :further problems to be 'sol ved and :;1ore defini te ll1forma
tion to 'be received. It' is nvt considered .lise,· ho,'1ever:> to aga.in 
approach the indl~~.ltry until definite conditions of ,}res.mre, differ
entio.l head, temperature, slurry consistency nnd oapac,! ty ha.vo been 
decided upon. A loss of good will might be the unfortunate result., 
and ~dLmum cooperation is required for 0. satisfactorJ solution of 
tilL) problem. . , 
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4.) Hold-up in the pure centrifugal P1ll1lP proba.bly cannot 
be safely reduced from p:reoent values. IrlCl'eaSOO ~peed is likely 
to lead to harmful cavit:.,ti\)n~ and certain_y to inc:r:'eased wear. ' Axial
flow pur.lpS appear to bcthe only resort as regards decrc.:1sing hold-up. 

VIII PRESN:! STATUS 

A general. survey of the pump itldustry has been completed. 
There are further problens to be 'sol ved and ~;10re defini te informa
tion to 'be received. It· is nvtcol1sidered wise t however~ to again 
approach the indl~,:.!try until definite conditions of )reS:3ure, differ
ential heoo" temperature,,' slurry consistency and capac,! ty ha.ve been 
decided upon. A loss' of good will might be the unfortunate 1'eool tll' 
and r~dLmum cooperation is required for 0. sntisfactorJ solution of 
tlUJ problem. . 
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Once definite specifications can be nade, it is considered 
the bent procedure to obtm.n test modelE! ;)f the varL",uo designs, put
ting them through exhnustivetests to dotomine their eX'}ected life 
auc..)sri'ormance on the. actual f11,1io..to be pumped.. This much needed 
infonnation crin be gained in no other Vl~. 
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Once definite specifica.tions can be nude, it is consiuerod 
the bent procedure toobtnin test model~ :)f the vari"uo designs, put
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IIPPEHDIX I 

Pump Uanufacturers:-

Th~ pump companies wlrl:ch have been contacted ~rith regnrd to' 
the problem ;~f hiGh head, hiGh dens! ty, large co..'nl.ci ty slurry pumps 
are tabulated below:- I 

Aldrich Pump Co. 
Allis Chalmers r,tfg. Co. '. 
Amaco-Nagle Pump Co. 
Aurora Pump Co" 
Beach-Russ Co~ 
Buffalo Pumps, Inc~ 
Dayton-DoVld Co. 
Dean Bros. Pumps, Inc. 
Denver Equi pmen t Co. 
Duriron Co~, Inc~ 
EconomYPlli~ps, Inc. 
Fairbanks-Uorse & Co .. 
Foster Pumps Wor~s, ,~n~. 
Frederick .Steel & Iron Co. 
Gardner-Denv~r Co. 
Goulds Pumps, Inc. ' 
Ingersoll-Rand Co. 
Kingsfqrd Foundry'& Mach. Works 
La Bour, Inc. 
Ltl',lI'ence ;~qachine & Pwnp Corp. 

. I , 

McGowan Pump Diva, Leymnn L'Ifg. Corp. 
flori'is !.lachine Work/? 
nash Engineering Co. 
Pomona. PuinP Co. 
Quimby :Pump Co~, Inc. 
Claude B. Schneible Co. 
S::Cth Corp:" A.O. 
Ta.berPump Co. 
Vhlfley & Sons; Inc p 

Vlorthingtol1 Pwnp & iJachinery Corp. 

The follm;ling pumps bea.r cOl1siderntiJn in cOlmec:t,iOl1 with 
the )resent ?roblems: - . 

Amsco·-H3.f,le Industrial Pumps: -MrJ:;:.re solely of slurry pumps, 
sizes ranging up to 129000 g.p.m. and 200 ft., head» both horizontal 
~d vertical types. Reco~end enclosed ~Gpellers, side rructi}n, single 
stage tU~Jes,. The constructi:.Jn is si'1ple, and ap~)"lrently hydraulically 
sound 1 consist:ing1f shield, ,?late [md i!il:>eller .1.3 only wearing parts, 
all made of manganese steel. This is ~r?bably one of tho' better slurlY 
pumps built • 

, ' 
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£ttlffalo Pumps:- r.1a.lters of slurr-j' pUl~pS }a~1Cr stock ty;?e. 
as well as propeller ty;)e }Wn,S4 Rubber linin£', reco'!n:umded foX' al)ra
silVas. St.mldrl.rd designs I'Qnge u) to 90J g.p.m. unci 230 ft. hoOO. 

!2.g'!ver I.quipment Co.: .'. i',la1::ero -::.£ low head s:.md )Uln:1s, ver
tical and horizontal ty-',Jss$ rubber lined. Gruvi ty flow feed in the 
vert! ca.l type. 

Gardner-Denver PUmj2s1-Verticol and horizontal pump3 ,l c~l.pf:lble 
of h~dling 56% by weight coal in suslension. The constT'J.ction is good 
al though likely to· require oervicing due to its use of square wearing 
rings. Pumps up to 300 ft .. head and 5500-4000 g.p.rna are made.. Use, 
hOriZOIl-Ghl split. casings. 

Kingsford :Foul1d;;y & fIlc.chn Works: - Makers of l~lrge size pumps 
for all services. P4per a,tock J!!ll1lPO in thou8~md5 :;;f g.p.m~ up to 300 

• ft. head included 1llsto.ndnrd desit'1~n ' Employ enclosed ii,lpeller v11 th 
double wearing ring at peri;)hery of inpeller and ut auction eye. 

;Lui/renee ;':lnchine & Pump C0rP-: - Makera of slurry ptunps in 
standard sizes in hundreds of g.p.m. u~') to 200 ft" henel. Can build 
larger sizes f'Jr higher heads. The simple,. side-~ction impeller, 
the cU:3ing rmd the plate. are the only wearing parts. 

Claude B. Schneible P'llrnps.:~ Employs U u.nique .r:'lat plate im~ . 
peller to minimize wear for difficult pumping slurries, at the sneri-, 
fice of efficienty. flaximUP.l stondArd siz~ .is 500 g .. p .. TU, at 100 ft, 
head.. . 

~lflE{l &-1300S2 Inc.:- Specialistn i11 sluI'rJ ':Jum.ps without 
a stuffing box.Stnndurd oru~esu) to 1500 g.p.m. and 175 foot heeds. 

WQ.rthil:}gton Pump: - Udke slurr,f !J'Um;:>s in sizes up to 129000 
g.p.m •. and BOO ft#, heads. Specialize in 1I1'iorthite" c&~Ja.ble of haYldling 
crystallized hot ooJ-t solutions .. '. Construction sir.lple)) side sucti·')n, 
enclosed Llpeller, straight hortzontal wearing ring of Zood eSign p 
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!!91lver Esuipmwt Co.:~\. (,lakora ::..f low head $md )Um:1s, ver
tical IlJ:ld horizontal tnes, rubber lined. Gran ty flow feed in. the 
vertico.l type. 

Gardner-Denver PUffiESt-Vertical and horizontal pumps, c~lpable 
of lli.I..1.'ldling 56% by weight coal in sus.1ension. The construction is good 
although likely to require ~ervicing due to its use of square wearing 
rings. Pumps up to 500 ft .. head and 5500-4000 g.p.m .. are made.. Use· 
horizon ~o.l split, casings. 

[Cingsford :Foundr"i & r1D.ch~ Wo;r:ks: - Makers of large si ze pumps 
for all services. Paper s,tock pumpo in thoUStUlds .:;f g.p.m .. up to 500 

• ft. head included iri standard desit;n~~ . Employ enclosed impeller vd th 
double wearing ring at peri~)hery of i:'1pel1er and ut tiuction eye v 

~a7lrence ;':lnchine & Pump CorP b : - Maker.l of slurry pumps in 
standard sizes in hundreds of g.p.m. up to 200 ftc hend. Can build 
larger sizes for higher heads. The simple, side-S\.1ction impeller)! 
the caoing c~d the plate.ure the only wearing parts. 

Claude B. Schneible Pumps,:.~ Employs a lmique ~lo.t plate im~ . 
peller to r.1inimize wear fOT difficult pumping slurries, at the sacri
fice of efficienty. rJaximUl!l stnndArd siz~ ,is 500 g .. p .. l'lL . at 100 ft, 
head.. . 

rz!.l~~~ & Sons 2 Inc.:- Speciulistn in slurry ',JUlllPS 1';i thout 
a stuffing box.St:mdurd r.:l<ll:;:cf;lu·} to 1500 g.p.rn. and 175 foot heeds. 

Worthington Purno: - f.II.:.)j;e slurrJ ou.m;,1s in sizes up to 12,000 
g.p.m~ and 500 ft •. 'heads. Specialize in t'~'jorthitell ca~?able of ha7J.dling 
crystallized hot su,lt solutions .. " Conatructionsir.1.plell side sucti:)l'l~ 
enclosed iapeller, atraight hottzol1 tal wearing ring of 200d esign • 
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