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ABSTRACT

The proger selection of a centrifugal pamp for liquid and gas
(two phage}inixtures, is ghly dependent on the amownt of gas and
the charactenstics of the miziure. The presence of entminsd gnses
will redoce the omipd of cendrilugal pumps amd can potentially
cuuse loss of primee. Conventional pump designs can be used for
low percentages by wolume (ap bo foar percend), whiks :lipucigl
impeller misdifications are wmed effectively to hondle five peercen
Lo 10 percent gas by volume, although performance corrections are
reguired for proper pump selection. Pump performance test daia is
presented for low 1o madium specific speed pumps (900 to 3000
LS, unids), pumping woler with up 1o [ percent emrained air, The
resules are shown for conventional pumps nnd those meadified for
air hamdling. Alsndiscwssed are the effects of suction pressuare amsd
impeller vane namber. The effectivensss of inducers, vorues pumps,
and special pumpdesigns for gus extraction forup oo $0 perceni gas
by valume are discussed. Application guidelines are presented for
the proper s=lection of cenirifugal pumps, which consikler the
percentnge of gas voleme, the pumpsize, sysiem operation, impel.
ler trim, ond sactiom kend,

INTRODUCTION

The ability o pump ligusd and gas mixtures s vital 1o many
imddustrinl processes. Maost of these applications are less thon 15
percent gas by volume, while some may be as much as 40 percent
ar higher. Pampsd mediums can mnge from water 1o comples
suspensions such as paper siock, The entrained gas may be an
canential part of the industrial process or may be unwaited, soch
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s air thal i entralned in the sucthon system due te aghatlon, o
drivwn in through worbors caused by inadegisale suction submer-
gence. The best pump perfommaice B with pero perocil enlrained
gns. Thus, i possible, sieps should be taken 1o reduce the amouwnt
emtrained gas throagh suctbon system design changes, gas wenlimng
systems, amd baffles 10 prevent vores | EL Cdlen the enrained gas
camniod b EIT'ﬂ:Ii.\'EIJr removed and, therebone, must be ransporied
therough the pump effickemly withoul losing prime.

Stepanofl | 2] describes 1he positive offects of incroasing pump
suction pressure on gas handling capability. As the gas enters tha
impelier passage, the decrease in pressune om the |ow pressare side
of the vane causes an capansion i gas volume by the ratko of the
nheslule pressurs change. For example, of o pomp operaing with
a suction bead of 38 1 of walcr absalute and a pressanc doop ol 10
fi of waler occurs al the bmpeller inler, then the volume will
increase by the facior aff 3828 = 1,36, If ihe suetken head i 59 fi
of water absolute, amd the sare 10 1ol water pressure drop oecurs
at the impelier fnler, then the volwme will ncrease by 1be factor of
504G = 1M Thus, with ligher suction pressure, less gas eapan-
sion oocurs al the pump inlel and there s greates gas hamdlmg
capahility.

It should be noted that entromed gases can causs nn increass ol
MPSH required by cenirifagal pumps. LeFur, David, and Pecat [ 5]
pressnd data showing the inflluence of ap Lo five percent air on
MPSH performance for low specific speed pumg (N, = 1030 LS.
umiis), and a mived Mow pump [N, = 4130 LLS. unitsl, When
|pccil'!,'i'n| s centrifugal pump to handbe entrained gases, the effect
on NPSH required should be discussed with the pump manifactierer,

quuid BAs mixtures, where the gas docs nol condenss as i
[EIEETE] throwupgh the pump are sddressed. The effect of mixtures af
sieam and waler on pump perfommance are discussed in (4. 5]

Many of these problems are iypifecd in the palp and paper
indusiry, Far example. a key step in recycling malerials sweh as
nEwspaper nmd magneines is deinking throogh Notaton cells. In
these cells (Figare 1), air i inpected into the ]:rn||:| shurry. The air
bubhles proamete separaiion of the ink fram (he paper fiber and ihe
formation of an inky froth that is then skimmed ofT the surface.
Several stages of this process are usimlly carried out for complete
deinking. Unwunted air can be entrained many ways throughout
the pulping, washing, and bleaching process such as excessive
agpilation, vorexes due [0 inodeguate :ul'm'u],ml:z in sfoeck chesis,
ponT suction piping design, amd excessive air frolhing in vacuam
seal tanks. While the 1].'pi|:ll deinking cell has enrained air from
sin percent o nine perceni by wolume, many pumps ane requined 1o
hondle wnwanted air in the range of four percent fo six percent,
Typical liquids can be cleas such as clarifisd waler, bat e osually
low consistency stock (ane percent 1o gix percent fiber by weighi)
suspension in water. Higher consistency stock (eight percent 1o 16
percent) can have much higher amoants of air (Figure 2) and
mequine apecial desipne welnp gas extraction devices for bess
opetation, These Larpe ameands of alr consist of akr thas is trapped
within the wood fibers, boumd o the fibers within a Qoc or group
ol fibers and (ree &l that (2 wapped berween the fiber locs. The air

Figure I. Trpical Flatation Cell.
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contenl is also dependem upon process conditions soch = vacuam
washer eMciency.

Many peirochemical processes involve pomping two phase
flow, CHfien the pas phase is created by a chemical resclion in some
pari of the process, The manufaciure of plastics and elasiomers are
particularly prone o problems resulting from gas entrainment.
Downhole pamps are also subject 1o potentinlly larpe amounts of
etrained gas, The effect of entrainsd gas on submersible multi-
singe pumps is described by Turpin, ef al. [§]. along with ibe
pusi:liue effect of very high pumip sucisen [ressures on gns har-
dling capahility

Virtually any type of centrifagal pump can handle soame amiount
of entrainsd gas. The problem o be addressed is the iendency for
gas bo accumulade in the pump suction inhibiting head and flow
peneration. If gas continees to accumulate, the pamp may bose
prime [2]. Murakami and Minemara |7, 8] present photographs
showing the cavities of air on the low pressure side of the blade a
the impeller inlet. Test ohservations indbcate successful pumping
with a surprisingly large volume of accumulated air in the suction
eye. The pressure drop ad ihe impeller inlet causes an expansion off
the entroingd air bubbles, The resulting cavities chose off the anen
penilable for liquid Now, and crente siditional hydmolic losses,
Full or partinfly shrowded open impellers (Figure 1} can handle
enfrained gases more effectively than closed impellers, The leak-
age path across the vanes reduces the pressare drop at the impelier
inlei and creaies turbulence ihat iends to break up the air accumu-
Iaticn. For less than four percent gas by volums, open 'irnpr.l]grs
with normal running clearances (L0 5 in) are sulTicient and pamp
performance remuins efficient, Ax the percentnge of nir excesds
four percent by volume, the performance of conventional impel-
bers begine 1o degrade drastienlly (Figure 4, untdl the pamp
becomes unstable, eventually dosing prime. It has been found
beneficial to increase the impeller 0 casing running clearnncs
(0,006 o 0,180 in) allowing preaier leaknge, which maore effiec-
tively prevents large secumulations of air in the pamp suctbon
(Figure ¥, Murakami and Minemura [9] present test resulis for
nawmnal andl enlarged clearancen for percentages of entrained airup
i 10 pereenl.
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Diats presemted lwerein are Lmived to a specific speed mnpe of
00 o MO0 (LS, unitd, which covers most pamps ased m the
chemicnl ot pager Indusiry, Licde vorintion in gas handling
capability his been found in this specific speed range. Schiavello
[0 repars an improvemens in gas handling for higher specilic
spesds (5100 LS. unitsk

Inducers and eaber devices have also been found uselul n
pr:'.n:rllhn‘ air hi_11di|1; nnd enhancing air handling n]n.l:il.'llir:! it
centrifugal pumps. A standard open impellsr pump is shown i
Figure 5, equipped with an axial induocer. The inducer increases
suction pressure immedintely in froat of the impellier leading edge,
it compresses the g5 reducing the volume and enhances ihee alr
handling ability of the pump.

A specinl purpose pump used for s=parating and extracting air
Froum pumd meedin is demonstruted in Figure 6. 11 uses vemling
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Figure 5. Upen Impeller End Suction Pump with Tndiucer.

powis i ibe dmpeller hub togethers with a repeller amd wids pumpou
wanes, Adr conients of wp o 40 percent by volume an low (Zero o
ten fi} suction hesd have been swccesfully extracted by this type
of pump. The air collects arourd the pamp shaft at the eye of the
impelber and is passed thooapgh the venting pons along with some
of the pr.l.rnpud medim,

A vacuum is creascd behind the braped ler by a liguid ring vacuim
pump connected o the vacuum chamber. A specially designed
repeller is sitesied between the impeller balance holes and the
vacuum chamber to prevent the pamped medium from entering te
VACHLIT [T

Once the air is removed From the pamped medium, it is pamped
as in an unmodified centrifugal pump withowt the hesd lboss
axzncinied with air entrainmens.

EXPERIMENTAL TEST PROGRAM

Prrpose of Test Program

The effect of enlrained gases on pump performance s wery
complex, involving many wariables. Analytical approaches pro-
vl irﬁi]hl inin the basic mechanisms invalved in pamp pﬂfﬂlﬂl—



54 FROCEEDIMGE OF THE NINTH INTERNATIONAL PUBFP USERS 5YMPOSILIM

FULL WEAN SHEDUG B
FURF OUT YANES

OFER IRPELLER WY
WERTL[HG PORTE

O LEGUlE
AIMG
VACUL® PP

BEPELLER
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ance degradasion, but lack the ability 1o predict pump pesformance
adequately over o broad range of pump geometrics and applica-
tions, Therefore, an experimenial test program was catablished
with the intent of providing & range of data to be used a5 a basis for
application guidelines and 1o investigate improved technigues for
pumping liquids with entralned gas. Published lierature describe
mary Lest proprams mvolving the pumping of two-phase flow,
most invelve extensive investigation of one pump 1ype and size,
Schiavello [10] presents a comprehensive review and discassion
of published fest resultsfand analytical studjes.

Scape af Test Program

The test program covered three different groupd ol pump
configurations:

= End suction open impeller pumips

s End suction apen impeller pumps with increased impeller 1o
casing running clearnmoss

= Specinl pump designs and considerations

Twelve different sizes of open impeller end suction cenirifugal
pumps with 0 specific speed ranpe of 900 10 3000 were tesied.
lmpeller dinmeters ranged from 14 in 1o 22.5 in, while e speed
ratged from 80 rpm to 1780 rpm. The tests were porformed using
airas the entrained gas, with percentages by volume ranging from
zern percent 1o 10 percent. Since many of the previously described
applications are limited 1o five fi of positive suctian licad, mast of
the testing was performed &5 such. Some testing was performed
with 15 1 of positive suction head, a5 8 comparison agins! test
ressulis with five fi of positive suctiom head.

Text Method

Al of the pump performance 1E51ing was performexd on an open
samp type facility as shown in Figare 7. A boogter pump is used 1o
supply the test system and a suction throttle valve is used 1o control
the swction pressure of the west pump, A ventur is used o measare
the fowrate of clear water flow upstrenm of abf injection. An ar
injector a3 shown in Figure & wag ploced within three pipe diam-
eters of the pump suction flange o provide an air-wabsr mixtune o
the fest pump, The air flow was measured wsing & rofameter witl
A préssire poage 10 provide ihe proper volume af nir, The percenl-
nge af air by volame is defined by the followimg:

Bkl o SN ()
Laguad Vol umie

Fipure 7, Air Text Systen.

Figure & lajecrivn Ring for Entraiaing Air in Swehiod Piping,

The percent air by voludne is always referenced toike suction of
the pump and is based on the suction pressurs,

Details of the air supply caloulation techniguee ae included in
the nppendix.

For a portion of the testing, o section of ransparent pipe was
placed between the dir injector and the pump. This was used to
verify a homageneous misture of liquid and wir was supplied in the
pump, The transparent pipe (six in diameter) i shown in Figure 9
with six percenl entrabned air by volume, and with the pamp
pperating near the best efficiency point at 1780 rpm, The same
pump is shown in Figure 10, operating with six percent enirained
fir opernting at 20 percent of the best efficiency point and 1780
rpm. Mote the mizing sction ai low flow operstion caused by
impeller inlet recirculation and backflow. Pump performones was
megsured to Hydraulic Instine siondards wsing pressore irpnsduc-
ers, Bowrdon jube gauges, calibrated motors ard rosque shafts
depering on the pump size.
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Figure 8, Transparens Sechion Plpe wlth Six Percent Entraimed Air
by Volume, at Bext Efficiency Podrr, | 780 REM

Figure 10, Trarspareet Suction Pipe with Siv Perceat Eniralied
Air b Vluwme, o 20 Percent of Bext Eficiency Powrr, T80 BPM

TEST RESULTS

The dutn presemiation formial was driven by (he nesd for an
egsy-bo-use pumpapplicution guideline. All dutn was referenced io
staneard pump performance curves o 2llow gquick caleulation of
performance with evraired gas. A carrection factor to the pump
head curve is defined as:

HF = Head Correction Factor =
Head Measured With Entraimed Gas .
Head Megsured Withoul Entramed Gas L2l

Bath valwes of bead in {20 ore mken af o commaen value of
Iipaiad Flosw,

A correctbim to the pump power cirve is defined as

FF = Power Corméclion Feclor =

Fower Measured 'With Entrabned Gas \
Power Measured Winhour Entrabned Gaos (33
Both values of power in (3) are mken &1 8 common valog of
lgguane M.

53

Endd Swerico Olpen |'!l|||:-'\¢'|'lt'lI Pivaifa

Canventional open lmpeller pump designs ane capable of reli-
ably purnplng liquids with less than five percent entrained pas. HF
and PF curves ure shown in Figure 11 for open impellers with
oosrmal runndng clearances (Figure 3), and p pesitive saction head
al #ero 1o five L. The curves were developed from o compilation
of tesl daia aken starting bnodhe lote 19508 [11, 2]
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End Swciion Open Fn.ll;:-el'lrr Pimp with Increased
ﬂmprl.'pr' fa Caping Ranoing Clearances

A5 discussed earfier, pumping lguids with Tive percent ar
greater smounis of entrained gos requires special considerntion.
As shown in Figore 3, one technigue used 1o ensure reliable
pumping is o increase the running clearance between the mpeller
nnel the sanfinnnry casing. HF and PF dota shown in Figure 12 are
taken from nmerows pump iests with increased frome clearance.
Al pumgp tesis seere run wiih either five percent or 18 percenst air
by wodumie, o positive five At of suction hesd, and had a sustion
male size nan:m:nhnn.l:ig'lu inindiameter. The data presented
in Figures 11 and 12 are for impelless with a1 least four vones.

Speciad Derfgns amdd Camiiderafiony

Pumps with suction nozzhes of less than or equal o caght in 1end
tis B2 moare suscepiible 1o the deirimental effects of entralned air.
Thee small passages at the imgeller inlet are more easily choked by
cavilies of accumualated gas. Often changing 1© an impeller with
less vanes will improve perforenance with large percentages of
cntramed gas. hopellers with two ar three vanes (bow solidiny)
have larger passages than are less susceptible 1o blockage by gas
cavilies. Impeflers with fewer vanes also tand 1o have more
turbalence af the impeller inlet. This helpsio preven socumulation
of gas cavities. An end suction paper siock pump with a six in
suction nozzle, three in dischorge nozzle and 14 in impeller
diasmeter was bested wath 10 peccent air at 180 pm. HF and PF are
ghown i Figure 13 for a five vane and a rwo vane impeller. The iwo
vane impeller maintaing a perlormance similar 10 lafper pumps.
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while the five vane actually loses prame o1 capacities slighily less
than the design condition.

As discussed gaslser. Increasing 1he suction head mproves gas
handling capalitity. The effect of inereasing the suction head 1o 13
fi i abown in Figure 14, The five vane impeller loses prime with
five it of saction head, bot pumpe relinbly with 15 1t of suction
heind
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The sdditsom of an imdiscer Lo the ioled {Flgare 4 cum slgml e ant-
ly improyve performance when pumping entruimed gEses. As slaied
enrlier, ihe indscer generales pressore;, thus redecmg He ol
of gas entering the impeller. A three blade inducet, pamping waper
with six percent emrained zir by volume al 75 percent of 10e pamg
desipn capacity, while operating at |1 80 rpon, 18 shown in Flgiere
I 5. The snme inducer and five vane impelles i shown in Figuare 16
pperating &1 50 percent of best efficiency point (beop) with six
pzrcent entrnined air. Al lower swction velocities, e alf wEnds o
gollect at the jop of the suclion pipe. As shown be seen in the
photograph. the mducer acts to reentrain he &is, greaily enhancing
i1s pampabiliny and preventive loss of prime. The effect of nibeding
ain mdisssr io a five vane impeller is shown m Figure 17, The
impeller loses prime with five ft of soction head withoat the
indueer, but pamps relishly with the inducer and the same soctiod
conditken

Fipmre 15, Indwcer with S0 Peecenr Enfrained Air ot 75 Percend
af Best Efficiency Paing, [ 180 KPW
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Figwre 16, Indweer with Six Percent Entrained Afr ot 580 Percenr
of Best Effrciency Paiat, 1180 RFMW
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APPLICATION GUIDELINES
Applirenon fformonion Reqiuremeny

Tao size a cenirifogal pump properly for an air handling applica-
tian, the following must be considensd

= ls it a new application or one for which a conclusive amouni
of gas can be said 10 be entrained in the pumped medium™ ar,

s [ail an existing imstallation that i not producing the reguired
-0y or that s losing prime either reguladly or irregulardy?

Far the former, the information required besides the normal
beend and Mow requirernents are

» Theexpected amounl of pas expressed as o volume percentnge
of the liguid capacity a 1he punip ssction, Egquation {1},

L)

= Complete suction syarem infoomation inchiding suction pip-
ng echemaic represeniniion and suction pressure relative o the
impetler centerling, It must he emphosized that proper swction
paping design rules are followed closely when designing a sysiem
i which any amoant of air is 10 be inroduced inte the pemped
m=livm, Ecceniric reducers should niways be used and the piping
shiubd slope up 1o the pump suctiom flange slighdly, this helps o
preveni nir pockets from {fomming

« Compleie liguid characieristics nclading tempernture andior
VAPOT pressure, percent fiber by weigh if stock slarry, spacific
praEviLy

The first two dems albow wse of the head and power correction
charts (Figures 11 and 12), whike the third informs the pamp
application eagineer of any oiher special requirements that may be
ngceasary for applying o pemp io a given service

For the tter, the amount of gas that is in the pempesd mediem
i flwe umkcnown amd mugl be estimnied either through sampling,
visunl inspection throwgh & sRsparent suction pipe, process
calewlations, of through examinstion of the installad pump. The
fallowing informiution ahout the insalled paump can be wsed 16
catimate the amount of gos present in the pumiped medio:

= Compleie suction system details including piping schematic
and suction pressure at the pumgp sisction

= TDH F|||_'p,‘|l,l-|_'\-l:l! by 1he pamp and power consamed, An esti-
mate of the floweate is ales hedpful,

« Compleie detabls concerning the fype of pump installed -
clading model, size, rpm. imipelier im and running clearance,

Giiven this infarmation and referming io Figure 11, or Figeme 12,
the ameoun of gas can be estimated and a modification can be
made. [ ihe pamp is losing prime, the TIH ard BHP shoald be
measured Immediately afier repriming and restarting.

Irumgr Nelechion

Sebecting a properly siwed centrifugal pump for lguid and gas
mixtirre depemds primatily on the perceniage of enirsined gas or
abr, The applcation guidelines given bere apply 1o open impeller
cemlrifugal pumps with the following conditions

= Pump rotational spocds of Toar (o wen pole 50060 Hz
= Multivaned impallém {2 four vanes)

= Approximately 5.0 0 positive suction bead, Note: It |5 lmpar-
tait thal suctson head be checked at the pump suction flange,

= Impeller trim dinmeter 2 8BS percent of maximum impeller
lamsaler.

= 5 percen bep = 100 percent bep.

= Limited 10 pump with suction nozzles = 50 in dismeter
[CRCEPD WMIEN puimps)

The pumg sebection process can be divided inte thiree parts for
conasderniion

« Conventional pumps (e, end suchion, open impeller pamps
with " mosrmal runming clearnnces—0.01 5 in impeller 10 casing
raining clearance wiih gas percemiages less than five percent.

= Madified conventignal pemps (e, those with increased run-
ning clearamees—i 09 in o 0,10 in impeller to casing running
clearance) with gas percentnges from five percent to |0 percem

- 5|_'r|_-|_-m||'rc .,1.,-5i;m=|1 |:|||rn'|1-s1'i.1r|!.t: PEreniapes Rre.:wrl:luu [[1]
perceni

Comventiomnl Prop { < Fiee Percent Erfroined G|

Floas of HF and PF data are shown in Figere |l s functions of
percent bep Now For gas percentages of one percent through Toar
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percent. To use these chirs, one makes an taieal selection from a
manefaciumer’s charcterisbcs cirves given desired TOH and
capacity. A modifying bead faior i then chosen, based on percent
bep amd percent gas from Figure 11, and divided imo the desired
heud, vielding the developed pamp hesd for the condiien of zem
percent enfrained gas.

H
= q
= HE “
where H = Desired TOH with entrabned gas
H, = Comxied TDH for 0% gns

HF = Head Corfection Faelor

The walue H_is then ploited for the desired fow on the pusp
charmcteristic curve and the impeller diameter can be closen. The
zero percent gas BHP is found from the characienstic curve ansl
imiialai plied bey thee: PF Froom Figure 11 forthe percent bep and percenl
gas 1o yield the comect BHP for pemping with entrained gas.

BHF = (BHF ) (FF) (5}

where BHP = Homsepower with emrained gas %
BHP = Horsepower based on H_ ond % gas

PF = Power Carrecticn Factor

Exqmple, Given a desired raging of 25300 gpay amd 50 fi, five A
positive suciion head and four percent entrained Air, cloos &
pamp, spesd, impeller dinmeser, and BHP :tqnlh:l].

+ Llsing Figure 18 for chorcteristic curve with 2ero pereeni gas
content ai BB rpmi, limd percenl bep = 75

+ From Figure 11, HF = 0.8%, sherefore H_ = 3M0.89 = 56 i,

¢ From Figure TR impeller diamster = 13% m = 17% in aml
BHP =47

« From Figure 11, PF = 0,96, therelsre, BHP = (0596 = 47 = 45,

Mate that for ssme ratings. i wall be difficalt 1o detenmane the
correct pereent of bep on the first iterution and o sccond aberation
may be required, However, the HF and PF changes with percenl
bep are relatively small, so that the firsi iteration ks usweally
aifequase, Alse, emphasis should be plaoced on applying the final
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Figure |8 Pump Characierisifc Cuwrve

dismeier selection in a region of the chamcterstic curve hetween
30 percent and 10 percent of bep. Genernked head can fall off
sharply outside this reginn,

Madified Canventional Pumps
{Five Percent b Ten Percenr Entrotoned o)

Conventional pamps that have been modificd For handling
enirmined pas will have an impeller io case clearance ranging
rypically from (U090 in 1o 0. 180 depending upon pump size. They
are applied io gas percentage of oo Gyve percent (o 10 peccent by
winlume. The lq:lil:ll.iun pusdelines are ke same aa those far e
carventional pump, but the HF and PF are ng shivn in F'l,g,urn 1

Erpmple, Given the same comdlitions as the previons examgple
except six percent air, find ihe impeller diameler am requared
BHEF

# [From F|g|.|:r-|: 1K, percent bep = 75.
+ From Figure 12, HF = 0,77, therefom H = 500177 = &5 .
+ Fram Figure 1R, impeller diameter = 17 i

# From Figure 12, PF = 093, therefore BHP = (093 ® 555 =
S5

Spectally Designed Pumps (Grealer Thin 10 pereest Ewrraiaed
Gar)

&5 disciassed In the test resulis, small cenfrifugal pumps, those
with suction nogzies amaller than eight in, exhibit higher head
cufrection factors, when specified with two or three vane impel-
lers. Therefone, when choosing pumps for gas entrained apphica-
tiens in this size range, a bow solidity impeller is recommended.
Figuire 13 may be used fo estimate head and power factors for 10
percent enrmined gas

Cenrifugal pumps for handling emrained gos greater than 140
percenl by volume at bow suction pressures will sometimes be
fied with & gas extraction device, such as a liquid ring vocoum
pumgt (Figure &) They ore sometimess applied 1o pumping high
consrsency fibrous sugpensions ond are highly madified o do so.
Modificotions inchude specinl siuffing box cover, specially de-
sigied Impeller, repeller nmd indpcers, They alse require o me-
charical seal 1o preven entrined gas from entering through the
staffing box. The application of shis iype of pamp invaolves
progieely sizing the liguid ring vacuum pamp and congralling the
bewel b che suctlon veseel, 5o that 0 consiont suction lvesd con be
mairtadieed. The ameount of air to be removed depends apan the
fhowraie of pumped medium at the suciion flange, the perceninge
of eirained gas, the process iemperature, swélion pressure., and
wacuum pressire. Cnce the vacuam pump is sized, pump applica-
tion becomes & matier of controlling these variables {pantscularly
suction head and vacuum pressure). Since the gas is removed (rom
the plamped Mudd, scbection of pumpsize can be pedformed witheat
correcting for head and power losses.

Yaores o recessed impeller iype pumps (see Figure 19) also can
b used For applications nbove 10 percent enrained gas. Tley g
lower in cost and complexiny thon o paomp fided with gas exire-
o, and can be used alse when pamping large solids with the
cotrained alr. Their efficiency is much fower, however, due to lhe
Large clearance and associated recinculntion.

They are applied in the some manner as the modified ceninfisgal
pumgp, but with different imitations. Tie HF and PF cormections
For applying o voriex pump on L0 percent throwgh 20 pescent
crlrained gas [ 13] are shown in Figore 20, Just as when applying
o musdifbed cemrifupal pump, these head and power correction
faciors are used with a vories pamp characieristic curve lo deter-
meree tmpsller diameter and comedied brake horsepower,

The flow mage limitation i3 freem 40 percent g | 20 percent of
bep. but the pump is unstable with air contents of less than 10
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Figure 1. Vorter Pump Head mod Power Carreciias Factar o5
Capacity, 1O Percent ra 20 Percent by Voline

percent, The applicatin of vores pamps for kesd than 1 percent
gak is therelore not recommiended. Use of these head and power
correciin [acion 8 also lmied i a range of 30 1040 (o of suctlon
hiead. The suthors wish 1o poinl owl thal cadiian showld be exer-
cized when using vortex pumps in air handling applications, simo:
the guidelines shown m Figure 200 are based on a simgle pump lest
This i% an area that requires Turther mvesligalion.

Factary Tesr Reguirementy

Simoe the application of gas handlng centrifugal pumgs ol all
types can be diffscult, the authors have strived here o present dats
that is comservative. It is sdvisable for the buyer to reguest an
inztallation list or evidence of other expenience from the vendor. A
faciory best is adwisable whenever applicable expenence cannot be
validated.

CONCLUSIONS

The effect of entrained gas on the performance of pumps can be
readily pested in an mdustrial labomiory environment. A esting
bechnigue is described, which can be wsed io perform research or

ussd for testing eommencial pumps b verily pecformance befare
sldpment 1o a user.

Data are presented showing the effect of up o 10 percent
entrained gas on low to medium specific speed (900 10 3000 LS,
amirs) eodd suctbom apen mmpeller pamps. The cffect of up o five
percenl enlrained gas on the head and power of conventbonial el
siction apen mpelber pumps is relatively mimor. Head and power
correction [actors are presented in easy 1o understand gruphs. Far
five peecent 1o 10 percent entradms] gas, gencrally some typo of
modilcation o conveniional pumps arg required b s velialle
aperation amd avoddance of losing prime. Increaging ihe running
clearance between the bmpeller and casbng is ome such modifica-
tion. Date i presemted showing the effect of mncreased running
clearance with fve percent and 1 percent entrained gus.

All testing described abave was performed with relatively low
suction head of a positive five (1, smos many of ihe apphcanons
deseribed were limited fo low suction heads, One set of dato s
presemied showang the positive effects of incrcasing 1 ssetion
head from five o LS 1L, with enly five (2 ilse pump lost prime at low
Naws, bul pamped reliably with 15 0ol posilive suciion head. For
smaldl pumips (suction nozzle bess than gighl in i dismeter), the
seall internal Mow passages are mare easily choked off by gas
cavibies, therafore reducing the aumber of mpelber vanes can
improve gas handling performance.

Eesults are shown for frve vane and two vane impeller of the
same siee pump. The additson ol an inducer i the pomp suchon
redices gas volume belore il enters the mmpeller, thus improving
gas handiing performance. At low flows, the inducer helps 1o
entrain gas o the liguid, preventing tha formation of large pas
bubbles m ibe impeller epe.

Special pump designs are roguired 0 pump mediams with
greater than 10 percent entralned pas by valame. Vortes pumps are
ghawn b pusmsp ap 1o 20 percenl enlrmned gas by valame. Highly
modified cemirifiagal purmps with gas separation and extraction are
capalile of puimplag with op bo 40 percenil entrasmned gas by volume,

Applicachon puldclines e prescaled that assisl in the s=lection
ol proper pump configuranon The guidelines cansider the per-
cenlage of pag by volume, puinp size, operaling potnd relative to
the beat effickency poinn, [mpeller trim amd suction heail.,

APPENDIX

Bolamelers are generally calibrated for gas at o fized sopply
pressare and are wswally gradueated nocfm., althowgh some are
graduated m percentape al o masimiam Dew incfm. If air sapply
pressure s different from this callbrated pressure, ihe mdameter
reading must be compensated. Likewise, the reading must he
compensated for pump suction pressures different from atmao
sphorse pressuns.

Ratameter Keadmg =

IF‘CI[ + Putm 14 4 Hs & Air ]
| Ps + Paim 34 10 748
iG]
Where: Peol = Calibmizon pressure of rommeter in psig

Pabm = Atmosphenic pressure 14,7 psia,

Alr sapply pressure psig,

Purmgp section besd feel of H.O
Atmicsphenic pressure feet of H.O,
% Alr = Yolume of entrained air in pumpage,

¢ EF
o
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1) = Pampapge capacity GPML
T48 = Conversion facror gallons (L5} o cubie et
chin = Cuhic feet per minuic,
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