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SUILIARY

Pump recuirements for the pronoged slurry piles are discussed
ond a general conpiderction is given to all fypes of ~umps. The volute
centrifugal is rccommended for this service as being the most ennily
adaptable snd the lrmgest wearing. Presont decigns and thelr character-
jatics aore outlined. The problems to be nmet i mectiiz the reguire-
ments of the projosed anplication are reviewed with suzgented solubtions.:
axial-flow pumps are clso trented as a desirable poscibility.
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I TE POOBLEL AGD ITS RELUIRE LTS

The sroblem discussed in this renort concems the memns of
circulating -slurries in- the oroposed siurry »iles. Therc is a double
aspect to thip discussion becausc the proposed hetercsenecus and homo~
zencous piles have different requirenents. In a heteorogeneous »ile,
the slurries will probably be dense, aporoaching the maximunm nerccninse

of golids that can form a stable slurry. Since cooling by flashing
~a portien of the slurry-is proposcd, u high hexd sump is recuired to.
reiura the cool licuid to the pile. The homogeneous slurry sile, on
the other hand, will probably utilize a low density slurry, cnd vres-
ent »ropised llculd-llauld cooling nmethods permit the use of low hecd
pudps. Boih piles will recuire 1ars'c canxaelty pums°

Range of Gonditions v

Heteroceneous Pille : - Homogencoﬁs Pile
100 - 500 fect Heads 30 - 100 foet

8000 ~ 12,000 g.p.m. Capaci tics <1000 - 8000 g.p.m.
2.0 - 4.0 " Denoitics 1.25 - 1.40

Geoneral Reculrements

There are four fectures in common to the two Hroblans. .

l ) Hinimum Hold-up: The vequiresent of uinimum hold-up
_is clenr fron the nature &f the nroceds and the high
cost of the circulsted fluld. Every attemst shsuld
be made to decrerse the frce wolume of a;given nump,

2.) No iointensnce: From the nature sf the proccnu, it

is cvident that induced rna“htlvu iu all peris exnised
to aetive slurry will mate servicing of tﬁc punmps
practlcally imposaible, .

?
° . &
3.) leclizible Leaicare: Sirce even snall louucu of Fluid
will be costly, leaksze cannot be allowed.: In srac-
; tice, sone lenitaze w;ll alwyys recult fron lonz scr-
' © wvice vwith no maictenmce. It is imbersitive that this
be kert at a minimum, which i seversl orders of nog-
nitude less thun any leckage heretofore considered,

Ho Orzanic Lubricanta: Or:anic lubriesnte srove to be
unstuble in o field of iutense radi~tin. The use of
an inorcrmic substitube or o non-lubricat ed be ring
will be nandatory, unless come schicic c¢wn bg dcoveloped
wacreby the lubricont is coutinuously renlaced.

&
s
N




Specific Requirenents:-

High density slurries will be more difficult to handle thon
low density auterial. Centrifugal pumps will not handle slurries
which have more than 20¢ by volume of solids. The couditions of abra-
sion will be more secvere in the upper density ranges; the nump effi-
ciency much lower; sand pump life considerably shortened. The wnroposed:
high density slurries are beyond the runge normally handled by sumps;
consecuently, the churucteristics and scrvice to be exnerted will re-
quire more orolonged testing.,

From the viewpoint of hold-un, leukage and weur, low head
requirenents ure more favorable. An increase of head igs Hrovided for,
by increasing either the speed or thc diameter of the imnelicr or both.
Increased aseed results in increased wear. Increased inmeller-diancter
reduires greuter free volume in the puip. The tendency for the nump
to leuk vill increase with Hressure. In addition the nurts of the pump
becone more massive to provide increased structural ctrencth for the
greater pressures and stresses encountered.

Piith these points in nind, the fuct thut lower daislties :nd
heads are ore easily and s_tl..f.zctoml,/ accoamoduted, wnd that a
difference exigts betwoen the two problens, the followinz discussion
will include d general outline of the different types ol pumps, and

a more detuiled discussion of the churaeteristics and problops to be
-dewlt with in centmfuw.l oo_n*)b, the tyve thut .should )rove JOSt adont-
ablc to elther sroblem. :

IT SWURRY PUPS IR GLIIRL

The problen of slurry handling is not u new one to the Hump
industry. Dredging overations, sand h:de.L__,, trancsfer ~f paint »ig-
nmeats wld ouser stoel; wd thw dolivery of mds under aregoure in
drilling oserati-ns wre amonz the nost couimon grobler;ls-.

Alnost 21l types of pumps are used in thid scrviee: direct
acting reciprocutors for ligh pressure delivery; rotary ou: 1‘35 for
viseous fluids wierc abragion ig wst a orime factor and eentrifigal |
mmps for hizh wnd low earocity, usually ol iov leuds.

This investigution hug been counficed for the most »ort to
centrifugal pumps for the following reuso.s:- .,

1.) Recinrocutiug punps are cssentiully “slow moving, low
capacibty wumys. To handle the capeeities recuired would dommnd
punps thet are fur larger than any now buiit for slurry work. Such
~a desizn would be nagsive, cumbersoue and exmensive, wnd Love o
large hold-un. Tuis tyse of ~umog is cuseble, however, of delivering
high pressures, handling thick slurries ucd orxerwting at hizh tooner~
atures. .

2.) The rotary type pump is. also o direet acting nodel,
devending for high sressure nerformance upon its close clenrunces
¥luids abragivc in. character canmot be handled well without coustzmt
maintonance.  Lurde canacities, in the thousands -f G.P.il., cre
handled only at low heads, there being a definite totul orescure
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load wi.ich can be withstood by the shaft vithout undue leakaze.

. o.,) The centrifugal pump ha.: been adapted to slurry pump-
ing secrvice for large capacities and at. heads up to three lmndred
feet. It ic used extensz,vel,j in dredging work, paper oulp circula-
tion and sinilar services.

’III CINTRITUGAL Ul ""S

_ The centni‘ugal clasg of mmou nay be divided generully into
four types:-

1. Centrimga.l
a.) Volute
b.) Diffuger
2. Turbiue ur peripheral ~
’ _ 5. ilixed flow
A 4. Axial flow

The centrifugal type of -ump 15 so called bectuse it pro-
- duces its head by the ecentrifugcl action of the j.anellers. Only the
- volute tye is used in slurry service, since the dlfm.,‘er tyre is
not as rugzed, Volutc punps emaloy a volute enging for counverting
veloc:.ty head into sregsurc head. Diffuser punys use stati-nary
vanes outside the impeller to >erfom the sone function. |

Tbe DOI‘l‘)hGI‘ el type oroduces its l:ut by centrifugal action
but recireculates tie liquid between its vanes ziving it a higher 1ift
for the some s»eed and’ diwicter of :m:»e:.ler. This I'OClI’CUl;.t.LLS ae-
tion leads to mcreasedwe e end would makie this tyoe unsuitcble for
slorry corvice: ' ‘ : -

The axial flow or vropel,x.er tyoe of pump ')roduce itn ef-
fect by the lift of itc vanes, svulc ¢ 4o the cction of o oship's »ro-
neller. The mixed flow tyde produces. 1ts action pa wrtl7 by 1ift and
nartly by centrifural force. Leither tyore ha: been greeifically
adapted to slurry handling butb mch en adepbatbi n should recuire
only ninor alter:ticns.

Centrifugal mmps arc used in service recuiring hizh ca
city beecause of hhelr simplicity, low coot wud «bility to ovcr"te
under o vide varicity of conditions. The effieciency in large sizes
cotrarcs fuvorably vith other tyres . f sups. [Heads upd to three
hundred feet can be attained in o single stuse. dulm- taging for
hi~her Hregoures can be res-ried to in most eoses, but this desi
‘has never been found practicalbe in slurry u.,»z'vn.ce.l The iadustry
reco mends that higher heads be attained by counecting sceveral puips
in serics, the hmm tion lylng in bnc totsl pressure widen the cug-
ing and stuffing hox of the highest >res~uro pump "Jould be able ‘to

stand. ' :
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Gantrifugal numps cannot handle liguids which are too

" thick or viscous to flow to the pump suction. The Vorthington Pump
and Machinery Copoany found that slurries higher than 20% by volume
of solids camnot be handled by centrifugals.

_ To maintain suction, centrifugal pumps of the volute tyne
. must be lept primed or a gravity feed (positive head on suction)
must be provided. Since the liquid to be handled may be close to
boiling temperuture, the latter course must be followed in order to
prevent cavxtation effects in the pump.

Iv AVﬂIbABLL CENTRIFUGAL PUMPS FOR SLURRIES

The pump induutry was canvassed by letter and televnone
in order to determine what desizns were available to handle the
problem at hand. A list of companies contacted is given in the ap-
pendix, together with a brief descrinption of a few of the tore adapt~
" able tyﬁes. :

The volute type of centrlfugal,is the only type specifi-
cally recommended by the industry. It is being used at all heads
up to 200 feet in the desired capacity runge (1000 to 12,000 g.0. m.)
Heuds of three hundred feet are considered possible by some concerns.

The following discussion will present the various problems
"incident to handlinsz slurries met by the pump industry and how they .
are best handled. FEmphasis will be placed upon the recomnendations
of the Ansco-Nagle Pump Company, the Vorthington Pump & Hachinery Co, -
and the .lorris Muchine Works, as their pumps are considered most
adaptable and thelr experience in slurry work extemsive. TFor more
general information om centrifugal pumps, their structure and char-
acteristics the reader is referred to lark's lechanical Engineersg!
Handbook, Fourth Edition, page 1893 ff., 1941, nublished by HMcGraw-
Hill Book Coupany, Inc. Reference may be made to figure 1l for son-
structiov and nomenclature.

a, ) Eropion and abra51on.— Viear due to erosion ond abra-

. sion may be ninimized by »roner design, materials of construction
and vurious mechanical contrivances added merely for tiais purpose.
Erosion effects are chiefly due to cavitation and eddy currents.
Abrasion is defined a5 the actisn of solid particles upon the ump
parts. ' '

‘Cavitation results vhen pressurc head is converted to vel-
ocity head to such an extent that the vapor oressure uf the liguid
exceeds the static »nressure, thus causing vagorlvatlon, Bubbles
passing into hisher pressure vegions then collapce suddenly cuusing
a woter hanmer which results in excesscive wear of the netal surfaces.
Cavitation is prevented in a properly desimed pump by reducing the
fluid velocity to within proper limits and by providing gradually
curving impeller surfuces to prevent suddeu velocity changes.



-6 -

Eddy current effects appear at the perlnhery of the im-
peller and in the spaces between the shroud rirg cnd the shield
plate. These are caused by dead spuces within the cuasing and by the
viscous shear between the rotating =and stativnary surfaces. Iddics
nay e reduced by properly curving surf.ces particularly at the 1mn
peller tips ond alonp the outside of the imodeller.

The pressure difference between the discharge and the suc-
tion of the pump causes a reverse flow, known as slinpage, to tuke
place along the outside of the impeller. This reduces the ¢fficiency
of the pump and may be minimized by providing a nath of high pres—.
sure drop acuinst this flow. Such -a path is prov1ded by closely fit-
ting surfdces and by 90° bends, the latter frequently taking on the.
configuration of a labyrinth. The use of sharp bends such as is shown
in figure 1T viclates the »Hrincinle »f gradually curving surfuces and
g0 is apt to wear more quickly. Their use is to be awided in slurry
pumps. A wearing ring such as shown in figure I is orcferred. Veer
that talkes place on thig wearing ring is probsbly cue of the most
serious causes of a pump's failure to dellver rated C&pugltJ and head.

Thé nroper choice of materials is also importint. For slur-
vy work, where particles are not abrasive, ordinary iron or any other.
oump materiul will suffice. Xungonese siteel has been found particu-
larly uscful in abrasive service and it ..ed by Amsco-Harle in their
dredge and sand mumns becouse of its hardness and touz'mess. orth-
inzton recoracnds the use of Vorthite, a stainless, high niclel chro-

mium steel containing mumngancse and molybdenum, for service wherc'
not only ebrasion but also corrosion effects occur. A typical use of
“this naterial is in pumps handling brine slurries. Ilorris ilachine
Torks recoaiends the use of a hardening or o surfacing treatment of
the wearing parts, claiming that ordinary steel so trented may even
be superior to manginese oteel in Jeerlng cualitics.

Sone slurry pumps are lined with rubbcr or plastic nater-
iels wiich are resistant to abrasive particles. ' Such devices cre
not practical in the proposed work because of their organic nature.

A method of preventing abrasive particles, lodying outside
the impellcr from abrading the surfuces with which they come in con-
tact, is to swees then out by 1nJect1nﬂ a strean of elear fluid (water)
into all such Spuces. Provided it is under 2 head high encugh to
cause flow towards the discharge, this streaa sweens away the parti-
cles. This device is used principally on rubber lined puaps. Perry
Nazle of the Amgco-liazle Pump Co. doubts the need of this in metal
‘pumps such 05 manganese steel. The abrasive wear is not significant
in coumarison to tlic erosion effects.

b.) Leskare:- The only leakaze occurs through the gtuzfinﬂ
box, which encloses tie suaft where it plerces tue cusing. The ﬂOot
coanon tyire of stuffing box emdloys a paciing, viich is preﬂ"ed ticht
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aze.a3t the shaft reducing 1i ;uid flow outumrds froa the caszing. Such
stulfing boxes never orevent Leakage entirely if the iapeller ond is
under Hressure, but rother reduce it to 2 minimum. A& gmell flow is
usuully orovided to lubricate and cool the paciking. Slurry pumps re-
quire the injection of fluid into the stuffiny box to >revent the lodg~
ment of »narticles in the »acking where they would contribute to chaft
wear. Insoluble grease under Jressure is also used but 18 not applica~
ble in the nrorgsed process due to its orgunic nature. The injected
fluid (water) is used also to lubricate tue packing and cmouats,

mediun capacity pumps, to about £0 dro s por mirute.

Le&xawe ineresses with wear on the packiuiz und ~ressure drop
fron end to end of the stuffirg box. This may be reduced by decreci.s-
ing the >ressure at the imneller end. Thj" is commonly doune by per-
forating the dead iapeller shroud with & pressure relief dort, so that
the cnd of thie stuffing box is at suetion sressure, aw lon» oa the
port is large enouzh 1o remove all siiinaze throush the rewr weuring
ring on the baek of the iupeller. If the suctisn pressure i lover
thon abmosoheric, no leckage enn cccur. h increased slis»aze duce to
wear will zraduelly irecreoce the »ressure at tids )01at, hovrever, if
the canacity ol the ports is erceeded.

Other tyﬁes of stuffing boxes cre tae xie:inzless varicty, .
onercting . i thie. orineiyie of rot ry seals, wd nade u» of inmcller .
vanes, .gucll rotery sropellers and the lite. The runninz charnctoris-
tics of theue seuls is believed t3 be cujerior to the common stuffing
box, althourh they tend to leak cuite budly on chutdowm. Furtier in-
estiz-tion of this prss3ibility is being cwrrlod sut. .

c.) Lubricati)n G Beurinqs:~ The best Gesims of punps-
at tiac nrescnt tiize employ prense lubricants in o sealed becriig
stand. Orsinic lubricanta are barred froam use i the nroroced pro-
cess, nhowever. Other devices used arc vwnter lubriestion with Buokelite,
tor groshite or lenther condosition be rings, lending to the sime dif-
ficulty. One possibility is the use of grashite bronze benring
citiuer of the coanosite or the inlaid tyne. These nay be opermued '
wivi or without water lubrication cnd cooling, dejendine unon the looda,
Thcir use is restricted to radicl bearings '

The thrust bearing is i rbat in tolivg us the thrust
forces of the pump snd naintaining the nroner alirmment ond clesr-
ances in the sump. This bexring is ordincrily pluced dircetly be-
hind the radial beariig in the bearing stund, gretse lubriccted wnd
adjusteble for wear. It is unlikely thut grashite-broaze be.rings
would be anplicable in this position. Pumps have been ncde with
their thrust bearings nlaced behind the driver.

An ez tended shaft may be utilized in order to allow the
ot beuring and motor to be nlaced some distance fro: the pump.,
[r. D le, Jf the Amuco~Navle Pump wo., feels thut nucn o deusign is
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feasible. Some of his designs use shafting up to fifteen feet in
length. '

V. ABILITY TO IETT REYUIRIJEITS

. g.} Tne hends and cauacitles recuired for the proposed pro-
cesses may be met with existing designs. The poss 1b111ty of heads
above 300 feet will eall for two or mIre pum>s set in series.

b.) Hold-up:- Hold-up is a new conslderation in the pump
industry. The problem of rcducing the free volume in a pump has
never been handled before except under the guise of reducing the
space requirements for the -ump. In order to understand this pro-
‘blen, it will be necessary to discuss cupzcities,; heads and the -
specific speed of a pump., The latter is a classification of pumps,
empirical limits of which have been found useful in the design of
punps to avold cavitation effects.

For a given capacity pump, the head is proportional to the
diuazeter and the.sguare of the impeller speed. The required cane-
city of the pump will goveynthe widih or diameter of the inlet eys

and discharge nozzle and hence the size. . {ith the width being fixed
by the nozzle size, a decrense in free volume of the pump cen only
be effected by a decrease in impeller and casing diameler.’ ?or a
ziven head, a ce\razsn in dluaster calls for an inersage
in speed of the pump. " A lower limit may be redched in the alameter
-of the pump impeller, because of inlet size and nminimum vane lengths.

The Hydraulic Institute, an orgunization made up of pump
manufacturers, has defined the specific speed of a pump as the speed
with which a geometrically sinmilar pump must operate in order to
deliver one gallon per minute against a one foot head. Mothemati- -
cally this may be defined ds:- : : : )

S _z,‘\i?&gacity x (r.p.m.)
(head)5/4

Capacity is expressed in g.p.m.; head in feet.

The Institute has set empirical limits to the maximum snecific speed
of various types of wumps, these limits being governed by the sue-
tion prescure ond speeds at which cavitution bas been found to re-
sult. For a single, side suction pump (the type used by all slurry
punp manufacturers) this limit lies below 4000. Slurry pumps us-

- ually have values well below this figure, and the specific speed
11m1t will vary with dlfferent de31gns

The hold-up in present designs of centrifugal slurry numps
has been estimated to be 100 gallons for an 8000 G.P.!1., 160 foot
head pump, Lower free volumes should result with lower required .
capacities and heads. The above figures uare for the Amsco-lNagle
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Type S pump. ‘Caleulations, using the allowable specific speed for
smngle suction pumps under varying capacities and heads, show that
the free volume in commercial designs of water pumps is within 20%
of the minimum allowable for single suction designs. Slurry pumps
must be designed upon a slightly more generous basis. .

The NHagle, "Type S", pump seems to be the best one of its
type for slurry service demanding long life and minimm hold-up.
_ Smaller reguired capacitics will allow the use of a smaller pump. -
" In P. Naglets opinion, a lower head would only result in lower sgpeeds.
as the blade length now lies close to a minimum for proper hydraulic
.action, resistance to wear and ability to fabricate in this design.
Thé impeller diameter is 39 1/2". The suction eye (governed by the
capacity of the pump) is 16". The lmh.diameter does not permit the
blade to begin at less than 10" on the radius. The blade length is,
therefore, only 10" measured radlally, and a reduction below this
size would be inadvisable and, at hest, insignificant iin terms of
hold~up. Smaller capacity pumpswill permit smaller suction eye dia- .
meters and a smaller vane length, so that a 1000 g.p.m. pump mo a2y use
only a 18" wheel, and have about a 10 gallon hold-up.

Other types of pumps may require less free volume, butl are
not as satisfactory in slurry work. The axial flow tyve is conszdered
in a later section. :

. ¢.) Stuffing boxes:- The packing type of stuffing box is
objectionable from the point of view that it requires.a water seal,
loses '@ fficiency through wear, and will never completely seal against
a leak, as long as the liquid side of the stuffing box is higher in
pressure than the atmospheric side. The following alterations c¢f the
~present types have been sugges sted:

A

1. The stuffxng box may be backed. up on the atmosnheric
side with a gas pressure chamber balanced against
the »ile pressure by a direct pipe connection, This

. will reduce. the pressure drop across the stuffing
box to a very small value if not entlrely el imimnte
it. (See figure II)

" 2. A direct pipe connection can be made between the
liquid end of the stuffing box and the suction eye
of the inmpeller, in order to keep the stuffing box
at suction pressure. L. Ohlinger feels that this
will be desirable as the pipe connection can be made
large enough to handle all slippaze to the rear of
the . imweller, :

5. Sealing water, applied to the stuffing box, is al-
lowed to flow outwards through the nacking in order
to provide lubrication and cooling, This flow may
be collected in an air tight casing and dvip pan,
the liquid being returned to the gystem. A sling
ring attached to the shaft would prevent loss by
cepillary action.
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- 4, For a vertical pogition of the pump, the nacking
cen be eliminated in the gus sressure bulanced
stuffirg box, if the shuft is extonded out through
a loose sleeve und the sump slaced at such a level

. that the liquid level at the stuffing box extends
only a feu inches into the sleeve. Such a seul

would not reguire sealing water. -(See figure II).

The rotary tyve seals may be nreferecatiie to those listed
above, and an investigution into their adaotlblllty is being under-
taken- ‘

, d.) ‘frogsion and sliopare:- Vith no maintenance alloyed on
the pumps; it 1s expected that the life of centrifugal pumos muy be
4 {0 6 months, before the efficiency drops to an uneconoaical level,
or the pump becomes inoperable. The life of the pump will desend a
great deal upon the speed, and pressure of operution and upon the:
size and abragiveness of the particles. wered speeds und pressures
and reduced»particle size may be exoected: exteud the sump llfe"

e.) Beusrings and lubrication"- For thc radial vump beur-
ings, it is likely that the graphite-bronze ty.e will be applicable.
The thrust bearing, requiring lubrication and udjustment, must be
wlaced outside the shield. Correct design of an extended shaft should
permit the placement of pump bearing wnd moter in such a position,
although the oroblem of alignment will be a ticklish one if tempera:
© ture variations are encountered. '

VI AXTIAL-FLOW PUMPS

The ax;al—flow pump is essent%alky 14rgc canuclty, low
head centrifugal. It onerstes by the lift of its provellor pushing
"the liquid along the pipe line without & change of direction in the
‘pump itself. Figure 3 is en illustration of this type of pump, to-
gether with alterations thut may make it more ddi)tdble to the crooossi
process. :

Axial flow pumps have a narrow range of high efficiency
‘at rated capucity. Decreased delivery increuses the head to such dn
extent thut the driver is frequently overlouded. Projpellor wumjis
cannot be regulated by throttling, and so may be used ornly in con-
stant capacity work. A

The lurger sapacity pumps (thousands of g.p.m.) are capable
of nroducing as much as 40 feet of heod in 2 single stuze, this max—
imum falling off with smaller sizes of vumps - below 14",

Axial flow oumas are not normally used for slurry work.
Thc' nave been known to operate without appreciably acceleruted ero-
sion when handling sunds in susnension. These pumps are not as long
‘wearing as the oure centrifugdal, since they employ an ojen type of
impeller, i.e., they have shroud rings to protect the blades froa the
erosive action of slippage. Since the efficiency depends upon the
close clearances between the casing the the impeller, wear at the
blade tips decrenses efficienry wiich in turn accelerates wesr. The
increased speed of the axial pump also contributes to its probably
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shorter life. The wearing rute of an’ axial-flow bump in slurry ger-
vice would need to be obtained by test before its adaptability can
be deterained..

The chief factor in favor of axial-flow pumps is their de-
. credased free-volume or hold-ip. Axial-flow »umps ean overate 2t a
higher specific speed than pure centrifugals (about ¢0030). Thisg
neuans thﬁt the impelier diameter may be reduced to the size of the
pipe-line car:yino the liquid to be pumped. For an 8000 g.p.m. cap-
. acity, it is estinmated thal a hold-up of 20 to 25 gallons will be
recuired in the pump casing itself. If the suction elbow is included
in the caleulation, the required liquid volume eduals that recuired
by centrifugals - 100 gallons.  An axial-flow pump may, however, be
included in the header of a hent exchunger. 1t nay, furthermore, re-
quire less pine line to fit it into the system, and with the present
configurations considered in -the external system of the homogeneous
nile, it promises to simplify and reduce the hold-up ¥ the entire
system. These considerati:ns may not be true of canller cajacity
units, as the maximun head delivered »er stuge on smoller wmodels is
considerably below 40 ft. A two-stoge, 1000 g.p.m. Hump would be
required to produce the same head.

v CQ.CLUSIOLS AHD RIBOIIInDATIJNS

1 ) The centvlfuval pump ig the preferred type for slurries
on the basis of its known characteristics. It is more adaptuble to
slurry service, to a range of heads from 20 to 300 feet, in moderate
capacities 1000-2000 g.p.m

2.) The axial-flow type of pump »~romises a grewter'31mpli—
city of pile design and probably lower hold-up in the system. This
type of pump must be severely tested before acceotance

3.) There are several problems that may require consider—
able development, namely stuffing-boxes (with emnphasis on a rotary
type seal), bearings and shafting with particular reference to main-
tenance of shaft and punp alignment. Testing of the adapability of
graphite-bronze bearings is necessary. ‘

4.) Hola—up in the pure centrifugal pump proba blj carnot
be safely reduced from present values. Inereased speed is likely
to lead to harmful cavitztion, and certain.y to increased wear. - Axial-
flow pumps appear to be the only resort as rezards decreasing hold-up.

VIII PRESENT STATUS

A general survey of the pump industry has been completed.
There are further problems to be ‘solved and more definite informa-
tion to be received. It is not considered wise, however, to again
approach the industry until definite conditions of pressure, diffor-
ential head, temperature, slurry consistemncy and capacity have been
decided upon. A loss of good will might be the unfortunate result,
and naximum cooperation is requlred for o satisfactory eolution of
this )roblem.,
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Once definite specifications can be nade, it is considercd
the best procedure to obtain test models of the various designs, put-
ting them through exhaustive tests to determine their exvected life
- anC Herformance on the actual fluid to be pumped. This much needed

information can be gained in no other way. -
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APPENDYX T
Pump Hanufacturers:— v .

The pump companle which have been contacted with regard to-
the problem of high head, high density, larg e cajacity slurry pumps |
are tabulated below: -

Aldrich Pump Co.
Allis Chalmers ifg. Co. -
Amgsco-Nagle Pump Co. - '
Aurora Pump Co.
Beach-Russ Co.
Buffalo Pumps, Inc.
Dayton-Dowd Co.
Dean Bros. Pumps, Inc.
Denver Equipment Co.
" Duriron Co., Inc.
. Economy Pumps, Inc.
Fairbanks-llorse & Co.
Foster Pumps Works, Inc.
Frederick Steel & Iron Co.
Gardner-Denver Co,
Goulds Pumps; Inc.
Inversoll—Rand Co,
Kinosford Foundry & Hach, Works
La Bour, Ine. .
Lawrence iachiné & Pump Corp.
McGowan Punp Div., Leyman lifg. Corp.
‘forris llachine Works
Rash Engineering Co.
. Pomona Pump Co.
Quimby Pump Co., Inc.
Claude B. Schneible Co.
8xith Corp., A.O.
TaberPump Co.
Wilfley & Sonsy Inc.
Tlorthington Pump & Iachlnery Corp. ’

The follo:ing numps bear couslderatlan in connection with

© the present Droblems.

- Amsco-Nagle Industrial Pumps:akcre SOlOlJ of slurry pumps,
sizes ranging up to 12,000 g.p.m. and 200 ft. head, both herizontal
and vertical types. Recommend cnclosed iapellers, side suctizn, single
stage tures. The coustructiun is siﬂple, and appirently hydraulically
sound, consisting »f shield, plate and imneller as only wearing parts,
all made of manganese steel This is orobxbly one of the better slury

E pumps built,
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Buffalo Pumps:~ Makers of slurry pumps of nuper stock tyve.
as well as propeller tyoe jumps. Rubber lining recomended for abra-
sives. Standard designs range un to 20J g.p.m. wnd BO £i. heod.

Deaver Equivment Co..&i Mlakers of low head sund Humns, ver-
tical and horizontal tyoeo, rubber lined. Gravity flow feed in the
- vertical type. ,

Gardner-Denver Pumps:- Vertical and horizontal pumps, capable
of handling 56% by weight coal in susoension. The construction is good
although likely to require servicing due to its use of square wearing
rings. Pumps up to 300 ft. head and 3500-4000 g.p.m. are made. Use
horizontal spllt casings,

Eingsford Foundrv & flech. Works:~ Mokers of large size pumps
for all gervices. Paper stock pumps in thousands of g.p.m. up to 300
ft. bead included in stondard designs. Employ enclosed impeller with
double wearing ring at perishery of impeller and ut Suction eye.

Lawrence lachine & Pump Corp.:- Makers of slurry pumps in
standard sizes in hundreds of g.p.m. up to 200 ft. head, Con build
larger sizes for higher heads. The simple, side-suction impeller,
the casing end the plate are the only wearing parts.

Claude B. Schneible Pumps:- Employs a wnicue ‘lat plate im~ -
peller to minimize wear for difficult pumping slurries, at the saeri-
fice of efficienty. Ilaximum stondard size is 500 g.p.m. - at 100 ft.
head.

Wilfley & Sons, Inc.:- Specialists in slurry sumps without
a stuffing box. 'Stmndurd nakes ud to 1500 g.p.m, and 175 foot heads.

\

: Uorthmvton Pump: - IIake slurry ounms in sizes up to 12,000
g.p.m, and 800 ft. heads. Specialize in "Worthite" cavable of handling
crystallized hot sult solutions.. Construction simple, side suction, -
enclosed iupeller, straight horjzontal weuring ring of zood esign.
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