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The prAmup greblm in agriculture Is ahe Uoedaly 

rupply of adequate an4 srrurgJd qumtfty of water. Canal  

irrigation syat- I n  .ddiUcrtr W thoit  large capital 

AnvastmenU .re char.c%erircscf by many @oil and water manage- 

ment problcearm. Since lift. k ~ r i g a t i e n  offerr the f a m r  

nrperiox u8-r oontxol, it i. becuning ineresrringly papular 

in Aairn countries. 

The pump eaprbil i ty rmqufrmant i n  xi- prodrctlon 

i s  earcttntiarlly m e  of low lift crrd high acspaciey. Y e t  

considaxcsble vsr iat fonr  i n  the pumping heads may o~twr 

&ring crop season*. Chnsrally cenei fugel  pumpset. are 

used where medium suction life oondition i n  the range of 

3 to 6 naatrso exist&, nut .oafcrtiaes centrifugal  puarpr are 

used i n  low lift condition8 a# in the CBI. 09 Kuttaned 

region and Trfchur kole londa. Stera many low lift high 

capacity eantrifwel pumps ax* uaed for dawrtsrring r;lr well 

are pumping water for irrigation, but bsraeuae of the low L L f t  

condif;fonr, the full c a p c i t y  of the centrifugal pump ernnot 

be u.&. 



The centrifugal pmp iar unable to give a raexbm 

diactrergts, exeae8ing 15Q per mnt  of #at obmined a t  the 

best efficiency point, Thi8 bchaviour of the centxifugsl  

pump S r  a rerioum l&ritatlen in the use for low l i f t  

applic&tiuns. Any tleviuo providing a eanbincsd dircherge 

vhieh exceed. the aetuaA m s r J a u a  flow of tha centrifugal  

pump may be techniccslllp juatziffed s r  long as it &err not 

reyfre any additional pow, By uriny 8 sui tably  demfgned 

ejector agstenr, tha centfifuqal guatp can be brought to work 

undax the beat efficiency condition &uclng the l o w  l i f t  

conait4on. kith the ( ~ t t a c h e n t :  of the ejector apartem the 

dischsrge capacity can &fro br, multiglSed. In many inutances 

this cain be a cheaper solution then to go in far a high 

specific sped ptmrp. The e$.ctor can a l a s  be detached for 

a sub,equaat dry seaam pumping operation where the lift 

i 8  l i k e l y  to be more. 

A simple and novel &sign corrcrrrpt Is utilimrd In 

this project to inereere the &ischarge capacity of crcantri- 

f q a l  punpa. 

The present study is carried out to fonaulaee the 

relationship betwan the suctfon lift and the discharge 

capacity of the efecter system. 





The primary problm i n  agricufturre i r :  the tisncally 

supply of an 8decp&th? and &aswed quanu- of water 

(Jatmsoa, t 9 6 S ) .  Cmal irrigetion systamr aze characterired 

by many aeil and water Ixtmagement problans i n  sddftfoa 

to their large capftrtl inveu-nt (Wlckhm, 1974). @&no8 

pump ixrigetion offers me f e m r  superior water control, 

it is bscoaing inere~nsinglp pogulau la A s i a  cmantrfar, 

L i f t  irrigation wp&amnt8 

faolenarc (19S6) had made 8 aaeprehsns4ve rav1.w of 

the verious types of  bater l i f t i n g  dwicea used in afferent 

p a r a  of tho w r l d .  The ger~ormancs datr of these device8 

i a  summagisod i n  Table 1. 

Although a l l  amual and animal pow&.red devices have 

litaitx&3 output capabilltfes, for centurie8 they have hen 

effwtLvely u t i l i d  Zot irrigatisn by operating 8evural 

unit;. in aerier to i n a e a s a  lift, or in parallel  leo inarearae 

cspmzity * 

1YewHiays power operated pump# h ~ v r  almost raplaclcrd 

tndegmoua water lifting dahvterss. The m a t  coammly uaed 



Table 1, barpariaon of gwrfoxmmce of s o u  wnuul! and mirrst-opersted water 
l i f t i n g  dffi-8 (nolamar, 1936) 

H e i g h t  Weage of Capac i ty  Mea far himala  
lifted lift 8 - nOu: for 8- 
(a) (m) hour 

t ion ogatrratioa 

A. Hiw1ua.l 

1. SWmp (swing type) 
2. @wing b ~ r l c m t  

3. Countarpoiae l i f t  
4, d b X & ~ ~ l s d i ~  S e f W  

I. Xapravod p a m e  wheel 
6 ,  Water leddu 
7. a. Chain pump 

b. Chain purrp 
B. krlarasl - o i p * f ~ t d  

1, Self-amptying bucket 
2. 8 ,  Tbm-budteat l i f t  

be Tuo-buck~~t lift 
3, Parsiaa whscrl 
4. Sakla 



deviewr for irrigation putpose ere the centrlfugsl and 

prspcrtllsr or axial flow purpa. 

A propellet purpa eperaatae at grsstlp reduced 

cepscity vhrn the eperating har~d br a b w e  the design point 

urd may overlea8 the prirrcr raovcrr (AdBfsrsn, 1966). 

For lrrrufl capaeitis8 w i t h  lift8 up- 40 ra 

a apatcial type ot purplng wft ha8 been Qaweloytd, This 

consists of r ccmibinatjcm 0 9  s centrifugal pump and 8 jat 

ptrrrrp or ejector (ilelmpsnoff aE; a,, 1964). The firat i m  

mounted next t8 the motox at e s  ground surface and 

furnishes the drivlng head snd capamity for t h i s  j e t  pump 

placed in the well below the  water surface. The batail8 of  

the pump are given f rs  +pcmdix 1. 

Xndustry employs t w 6  -8 of jst*  machine8 - 
we-= jet pump@ 6rrducUon)rsnd rtomn jet camprarrrors 

(Cberhiosrhy, 1977). In watex-jet punup6 the motive fluid 

i s  watgr, and in rteem jet ca3aqgreasors it fr  stem. The 

operation of water jet pump8 and . t a r  jet ccratpreruclrm 

u e  baefaally seas, the diFferm01 being i n  M e  motive 

fluid# u.4.  The basic drsdgn of  a jet eaaptearor milt 

for industrial applica+ion &a preasntdl in +yendir-2. 



Stepanoff (1964) 8trW *at  water jet pump8 can 

be used edventap(~~wly  to solve t v r a r y  QmweterrSng 

groblaear , 

Sflvester (19683, prepred #a use of a centrffugsl 

j e t  pump cmbinrrtion fox araiataining high and low pressure 

wstet supply in hydrauliar laboratories, 

Svluel ($972) der1yn.d an ejecmr syetem to brprove 

%he disch~rge cepbeity of eonrentionel irrigstfon pumprot. 

He had studied the inf luences of area rauoa,  throat antry 

profileo nosalr spacing, throat lsngth evrd diffuser angle 

on the performance of the ejcslstwrc uyrstclmr, 

Duff (1979) pointed out that  the U.S.1Javy had Wen 

using for sma tisre an ejectox eyatm Pox rapid Qrainege 

of flooded mmpsrtmsnta in ships, 

Seanuel md Jamb (3377)  yropoad 8 novel fluid&- 

ration technique for neweating the aolvinie ward, bard 

on the principle ~f B high caap~cfty water j e t  b ~ t ~ i a e  

origfncrily develcpetd by Sereus1 i n  19'92 to im,-irooe the 

discharge eapecity of We centxifug~al pumpsat. A porctablr 

pwpret was uaeb 8s the grhe w v e r  to proihdce the prim- 

flow which will induce the weed to R O V ~  through an ajectOt 

sya+m into the c o k l e c t b n  tenk. 



lilurpa Rae Singm4itlrl and Vi.tunr Wuaalrr CWenka 

(1977) hsd conbuctd rtudier an the petfonnance charaatmti- 

8Uor  of jet punp,. Hrrawrraamt of grorra ehsrarcterf mtia8 

of f e t  pump had shews mat tho diaaan8ionlerrr perfomurco 

parameters of' #r j+t puarp sr the xatio of haad 

buvelopsb to the vrlocitp haad of fho jet and efffeisncp 

dap~urd+d ypon the f low €.t&er jet Rrynoldr n-S, jet 

diamtcrr and tho $-trio putmuetars of the jet pusp such 

rr angle of the rwtion norrlm, mule of diffuser, ratios of 

the jet dimter  to the sixinq ch-r dianelmr, ratio of tho 

aosrlo ts throat distaneo t9 t;he je t  di1wtetsr. 

5.nkax.narayaaan (1981 of Keral e Agricultural 

Univerrrity ha4 deraleped one prototme ualvinfa harvrsstfng 

arechina b e a d  on the f luidi8rtion tecchniws proposed by 

Bawuul end Jacob (1977). 

Ghanbrsaohaa (1984), of? Ker ale Agricul turrl University 

had deve~oped a mall s t a l e  dredging unit  for the aollsction 

of ssnd using the above fluidtartion technique. 

Na j i b 1  (1987), o f  Kexallh AQrl~~1t;Ural Uni+ersi ty 

had dew8leped a high oapascity ejuctor r j f r tm for the 

ceUectAon of ealvinfa using the f&uidiuatAon t.chnih?u., 



The crjecrctor q 8 t . r  cap.rsta# oa th* prinaipla of 

the txcrsirrfer of energy m d  mumtenttam tram pxinsry  to aclrconbarg 

f l u i d  thxougb a p f O C e ~ 8  6f W W s n t  mixing (a-1' 1935). 

A rchrastfc repremntatiwt of an ajector sysstem is #Flown in 

Figure 1. Tha primary I l d Q r  YhlC)) hen 8 higher prarsurs, 

is werlaralwt! %a a high velse?ity by ~ a a 8  of the norole. 

The ct.conbary f lu id  is enttslnrd by an4 rmrilrad w i t h  -0 

prirrry bkuid in the c o a s t a t  bisremr *goat section. The 

nixed fSui& maan ga8r through a dlffumc~rl~ in which r pertion 

of the vtt~110~ity haad 1 r conu.ilrt.d to r$etic r rassurre. 

The fungara#lntal IMK.JUtnIm ~f the a j a ~ t o r  s y r t u  ~ ( I I  

the turbulent mixing. A .clhaaratlc reprerratantation of the 

mixing vakocf ty pxofile i r r  rrhow~ i n  Pig~t+ 2 (Sangerr 196%), 

He drwtribsd * A t  the nossh =it, the p x b a r y  .+ream i r  

srsent ia l ly  a aore of s;~sn#+arn% v c l w i t y  f l u i d  khich i s  

meparatad f x o n  the a4~0ndaxy f l u l d  by a xcgiCn of hfgher 

aheer. Xnft ialfy  the high region i s  maae up of a thin 8ht.e 

of vorticrrr or eddies which give rise ter mixing on Qhe 

periphery of t-he hlqh volfcity corem, 

A 8  ax ia l  diatsnce tron the no8118 exit i s  inorearad, 

the shear or a t d n g  layerr lncotrrsrrs %n thickness, "fhr, 

potential ooze xeg1en grogrsarivelp grows snc~11er a. it. 
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L ~ o i n  nozzle 
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FIQL. SCtlEMATF REPRE SENTATION OF AN EJECTOR SYS-EM 



&form low veloc jry reqion 

Mixing region. t-hrgh sheor) 

Uniform hiqh-velocity core-reqlon ' \ L N ~ ~ z l e e x i t  

- Secondary fluid 

FIG 2. SCHEMATIC RE PRESENTATION OF THE MIXING 
VELOCITY PROFILE INAN EJECTOR SYSTEM 



energy $8 d i r s i 2 a t d  4s turbutsnee in the mixing layer. 

Due to the t rana$ l~z t  ef 1#~~danfcwm, the priraery strarra is 

decalerrclted while the a ~ d a w y  atream 18 wxeleratad. 

The lateral grwkh of Me mlfing laper cotitinwe until it  

finatlly meeta me, jet: clentxe linr and the caneteat velscity 

core disappear8 

The concept of l o w  lift pumping 

Applfcetion of a;h8 babr jet pump principle for 

gmsriblu malveging of the pOwer 10.8 arsocietsd w i t h  the 

u80 or moay medium pressure ~ e n t s i f u q s l  pumps fox rice 

irrigation in Xumales, was in&opndunt&y pxopoesd by 

Samuel (1963). Thf a 2- l i f t  pumping awr angumsart %hi eh 

utiliseb a low ctrart wetar j e t  pump i n  ctmbinaticsa w i t h  a 

centrifugal puap i r  .)row in Big.%. The deWil8  of the 

ejectox syrtam w e  rhown in Ofg.4. f a  this axrangamant the 

entire &livery sf a centrifuge1 pump f o  fed k, a j e t  pump 

which lifts an additional quantity e b  water over rs mall 

verticaf distencs. %'Us is differunt frosl the conventionel 

jet - oentrifugatl pump eombinestian whsrr the jet pump is 

used on the suction side to b&rove %ha #taction rift 

ciapirbflity of the santrifugrl puaip. 

Generally, kn Zhese rsippaication~, an unlirnitd 

pteaaure a u p ~ l y  i s  avei leble  and the requirement 1s only 
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Suction chamber 

Primary f low pipe 

Soco ndary flow 

FtG.4. DETAILS OF EJECTOR SYSTEM (Samuel, 1972) - -- -. . 



high flow ratfor, Thi8 inturn neeraritete tihe uss of 

high cepacity ( l w  ere8 rstio) jet pazm~, syrtcwrtcwrm. The 

perfarmencs of low u e r  ratio Jet grwrpa, however, hem been 

studied fn dotai l  only recently, by the U.G.MatfunaP 

Aeronauld~s m d  Space Agency ( M P * ; ? ~ )  in c?onnecti.cn w i t h  

their applicrtian in space .yetarms (lenger, 1970). 

Bjeetor design 

Desi.;n rocedur a 

Pn d e ~ i g n i n g  e wetsr ejaotor q 8 t e m  for 8 particular 

ap~licrntion, the most critical feature t o  consider i s  the 

are8 ratio. CUP a c ~ e p f 9 8  p ~ 0 ~ 6 d w  fa the desiglli ~f water 

j e t  pumps for eny f*p~Picetion i s  that  descrribed by 

Stepanabf (1964). Here thQ 41ow phenmnoa fs related to 

physics1 psrametexs of the jet pump By @quoting the arOlRantuRl 

of the &riving f l a id  arnd the btrchsrge f l u i d  * f &  cansista 

of boa the driving and &iven fluf8a. Aorurrjng no prasrure 

c h e n ~ e e  within the throat (mixing chaanbar) the relation is 

e ~ l n  vn P P ( Q S + O ~ )  v t -  (3.1 

mer+ f i b  ehs danlsity, tlZI fr the velociey through the 

nozalet and V t  U~cb vel~eity at ti?@ tnroet exit.  

An Since R - by up~lyi t lg  continuity 
A t  

relations it can be shown that,  the raeLa of recandazy flow 



to primacy fzow areugh ajrbctor, i , e .  Flow ratio, 

where An m Area sf noaslr, utb 

T h i s  equ&t;Son givob *a particular area ratio tQ be 

ua& for B teguira4 flow +stPo, From m efficiency envelop 

curve 8t%@eurolf ZtscsM the wrre81r;~nding best efficiency 

r a l w .  "Phis value, when dLvldad by the Ifrcm ICBUO 

s~.ecifPtsd, provfdrllr t h  b r s b  efficiency pressure raUo a t  

whish meit jet gurap asn be a g @ r a W .  The coatponent part8 

of tta j e t  pump are then prayczrtitnecl on the basira of 

existing rsammendationa msb. gram s x ~ r b e n t e l  invsutiget;iana+ 

Cairn8 MB #a (1969) progoeed an empirical W 4  

envelope equation, 

'Potal head sf the ejec4mr 
where k4 r We84 ratio sf the rrJf8tm - 

Not inpu* head 

for use in the daaS$n of Jet t7.w.. This equ4tion khan 

cocaprstsd w i t h  ac~:;u~tAcsns ( 2 )  end (2)  will describe U18 

reletions -ng R, B1 and M for or tbm e c n d i t i ~ n r r .  



A ;rased deal of infotaration 1s rrveilable i n  the 

litmrr%aue regarding jet  p~ls~;. pxoportiunr, 'Phe meomen- 

dat isns  given by 8-1 (2975) in Table 2 are in egrsm~at 

with thgeo sf stepanoff f1964). Hmtr+.r, Ztra extent to 

which Oh* are sgplioable to ertremfiy law ares ratio jet 

pump6 f8 unkncwn - except! for the terulW rteaported by 

Sanger ( 1970) . 
Later an setempt t@ rrpbate the efficiency envelope 

m e  deveXoped by Waprsoif war den* by Bisrtuel (1973). 

Fig.5 ahours the rwa#br\rar efffcfeacry veluus q u ~ t a ~ d  by 

stepanoff for area rat%# 9.5 -4 alxwa, and valuer c~btainabd 

by ~tas@ent sesmarCher8 fox urn@ 10t108 b l o w  0 . 5 ,  A first 

ap,roxbstion 8ZfXcsiwtey arm drawn through the paint8 was 

ueed in calculating th. mrxacponding N values uaind 

squeticn ( 2 ) .  TRAa inturn indfcst& W s ~ t  the a-R relation. 

could be reprerented by r rtraight l i n e .  839.5 a l so  show8 

the crurvea using I 4  8lqe vslum6 of 1.5 and 1.6 w h i c h  

formed an uppar end lower mvelope to the efficiency velusa 

in-3icwting that  eur equation 

w - 1.5 R I (4 )  

waul4 swt the &ooired ~ r i b r f t m  rstisf&oterily. 

;in- = M w #, this in turn prsvided the ranperical 



s/a L/ot 
Mein aoraslr Suction Dif Paser R e f  orenee 
.haw noesle shape/ angle 

englr 
( @ I  ( 9 )  



AREA RATIO (R) 

FIGS. EFFICIENCY ENVELOPES OF JETPUMP PERFORMANCE 

B N E D  ON TWO N-R RELATl ONStllPS CS~.ue1,1975) 



'Ithur for crrnvarrtional apglicetioas of tho ejector 

ryrt.ra, the ra t  of eqtaationr (21, (4) wrd (5)  could be 

used 8. deeign ewatfcns ,  811 of which are related only 

to R as the independent pszeri~cctsr 88 shown in Fig.6. 

They tndicate  that a maximum sffictecy of 37.5 per cent 

can be expected a t  a flo% t a t i s  o f  one for an are8 ratio 

of 0.25, the corrs#yonding prarnrre ratio being 0,375. 

mesa squattuns cam be rssktranged in terns of the P l o w  retio 

to give 

R - (3  + w ) ' ~  ( 6 )  - 1.1 t i  + n)a2 ( 7 )  

2 1 1.5 W (1 +  HI-^ (8) 

According W Goalin. %ad B'brien (1934) the 

cherractarirtics of! the water j e t  pump can be seprerartntsd 

by three ratios. Thesr ratiea ure the nosrls - throat area 

ratio, R = An/A1;, rrlllcon4ary-prhary flow ratio H #a/- 

and pre#sure ratlo Y = (P -? )/(P~-R~). The rufiua used 5 2 
to emputs eificicmcy can br bibforrant and are dataraained 

by the m d e  of use of the pump. Tha convckntisna1 form, 

baaed oar the concept of uraeful work &n@ a8 ,8 (Nd48) 



AREA RATIO (R) 

FIG6. SUGGESTED DESIGN RELATIONSI4IPS FOR COWENTIONAL JET PUMPS 



mrd input .omrgp +xg.ad.d r8 (3n (IfpJid), for arrgteraltng 

+f f fciency i a  

 tar syutrmn, and We prAaa~ty urd rocorrrdarp 1ir;ulcis are 

drwn frran the s souxce Cho useful wark consists of both 

'un arrd Pr being elaveted through a herd of Hp-Ha. The 

aentxifugel guanp then hrr only to pupply a head of Hplnr 

n* and 1+ csn be namcbd 88 the aapacity raUo 2nd hasd ratio 

L'or use in law lift gumping agyliaation rcyations 

( 6 ) ,  (7). ( 8 )  vere raQdf Pied in ecwedQa&~cr, w i t h  aquation (10). 

This lee4 to the following of 8qurt icns.  



Capacity Ratio (M) 

FlGZ DESIGN RELATIONSHIPS FOR WATER J E T  PUMPS 

(Samuel ,1875) 



These reelations arcs show graphictrlly in Fig.8 

and Fig.9. 

f t  may be seen from the graph8 t h a t  when using a 

centrifugel-ejectax eoaRblnstion the efficiency w i l l  h 

higher i n  lo+ llft applications %an the conventimal 

appilcationr. 

The design cxiteria 6a8optad for the work under the 

study was based Qn Ule work dona by Sankersnsreyansn (1981) 

~ n d  H ~ j i l 8 l  (1987). 

An e q a r i m : . t a l  ejector system wae designed and 

developed by Bankarensrayman (1981) to rngtch a 5 HP pumping 

syrtan. Here the t e a t  run speed of the pump was 3360 rppn. 

In the present study the spaciffc rye& of 3t00 rpm was 

mair?tei:led throughout. Another e f sctor system 4% match 

10 HP guutpset, which was obtained by aeries connection of 

2 numbers of 5 UP pumpsets elso war fclbricated. 

The deteilrtad desigz pzocebure i s  discussed i n  the 

chapter Material8 and Hethods. 
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UTERfAS.8 AND MTHODS 

The ultimate objective of the project narr to 

increase the casacigy of trhc cxrnventi anal cantri f ugal ;sump 

sets i n  the lob lift condit ion usin$ an ejector attachment. 

The specific objectives kerer- 

1. l;'o stuay thz daaiyn parameter end efficiency 

cherect@ri~tfca of high capacity ejec-r systQar (high 

volume jet pump) to suit conventicrnol centrifugel 

pump sets. 

2. To develop high voluma ejector 8ystgfft suiteble fur the 

c o n v e n t i ~ n a l  ccantcf fugel pttmpset. 

3 To conduct laboratory +sstfng/ffelc¶ testing for different 

types of ejector syrrtanrr for different diacheargea 

capacities under dif ferimt suction lifts. 

A eim~le design conssgt wau u t i l i s e d  in this pxoject 

to increcrrse the, dischsrge capsscity of cctntrifugal puarlpa. 

Tho equipment consistei3 of a low-aast, high erpcity 

ejsctorc device khich when uesd i n  combfnation w i t h  & medium 



or high head (prerrura) centrifugal  pump utilines the 

diachcxge of the s a d  pump tsr suck an additional quantity 

of hatcar through the d.Ples. 

In  t h i a  arrulgomnt the entire &livery of e 

cot:trifugarl pump war fed f;o s jet Z)rsar, (ejector) which 

lifted an addftAonr1 qumtiky of we-r for: a mall vertical 

dl~tsnee,  Then it differed from the mote conventicnrl j e t  

cantrifugsk pump cambinatfan bhare the j e t  ywrp war used 

on the suction aide to improve the suction lift capability 

of the centrifuge1 pump. 

The paraage of pump discharge i n  the form of a high 

velocity jet of wstar caured the mnexgy to be transferred 

to the rtat ionary column of water present in the device. 

I h e  mvement of Wis  otherwlam stationary water w i t h  the 

jet, futtrler reaulteb in dra~ in ( i  abditisnel qUlantitb%8 of 

water through the ouet&on s i Q I  o f  4;he ejector. The quantitie~ 

of water thus sucked into the ejector ryatcles might be 

8ever~1 times the discharge baph~fty Qqmdfng mi the 

diacherge prsseura developed by the ccantrifugsl pump. It 

us8 found t h a t  the total  capacity (including the primary 

flow and the smndsrry flew) oeried w i t h  the change in 

8ucUoa heed. Btudies were conducted to find the optimum 

suction heed. !She technique also  allows the use of any 

locally available portable engine, povss tiller cir s tr~etor 



driven pump s e t  as an grime mover, which pssmits e ccznlri- 

dariibls reducuon of the f i d  cosl of ~peraf;ion JustifyPng 

the ejectox systm. 

step 3 

From the perfonnsnce cher&ctaristic8 curtram of the 

5 NP pump supplfsd by the aornufacturer (iPig.10) the beat 

efficiency valuer were tsken. The best afffciarncy veluun 

for the discharge Q and Head H for the pump set wets taken 

to be 480 lpn and 26 metre8 rrsgectivcbly. An rllowaprce of 

10 par cent (5.0 ra) of the tatal head w#a given fur system 

lossra a% this point. Henee the crffeetive heed* Wn and 

cepaeity, Clrr avdlrabls to the ejectas uystas were t e e n  trP be 

21 xaekrev urb 480 A p r  re~yeetfvely for dsriga purpose. 

Prom t i rue  two gatasaetrs, the eriticsl dlaatrr  'Dn' of 

nossle of the ejector system was 6.tenslin.d 8s followat 

Where OII is the diaChcsl~ge through ttrs aosttle, Cd tha 

coafficient ef Qircharfp?, An the asea of the noazle end Vn 

the velocity of Eli.aw fchszugh the nosale. 

Hence 



L >  

..a- 

4 

I 

FlG.10. PERFORMANCE CURVES OF PRIME MOVER WMPSET AT ..- 

.qcnn r m  ( MANUFACTURE~~ DATA) . 



The main chesrscteristicr, of the ejector system can 

be defined by the ilollewing raaotl. 

1. FIW ratio, M = Pe - 8.oondazy t ~ o v  
T i  

Pximary f l ow  (through nostla) 

2. ~ a p s c i t y  ratio, M* - A -  Tot81 flow 

On ~rissry flow (through nosrle) 

1. ~ultiplicetion f-tor. 1. m . I  't ~otzll flow 

B Prhary faow (wtthout 
nozzle) 

4. Head ratto, M Hd-ns rots1 head of ejector q a t r  
T a i 3  

Net input head to the ejector 
sy.tsr 

where 
Xd r the discharge head of the gjector system 

nr - the ruetion head 
Mn - the effective input head to norale 



The follswbg errpaticel &sign equations were utilised, 

Hb is tho discharge heed cf the ejector system, 

Hs t h e  ~ u c t l a n  head, Hn the effective input head 4 s  ncnltle 

and the ef fteienuy of the ej.ctor syatrar, 

Assuming Ha f a  1 metze and Hd is 2 meWao (to include 

sudeen ~ n t r ~ j c t i o n  eultd friction losma in the eucticsn line, 

at l e a a t  one metre of s ts t la  ltiftr end friction and 

velocity head l ~%ses  in the &Cacharge l i n e ,  respectively) 

=d subst%tuting the V ~ U ~ S .  



The #roe* diameter 'Dt* craa &a ca lcu laM tram the 

= ray 70 arn 

step 3 

The remaining diraensionr of the ejector rsyrtara were 

found out by the relation Qev@lop@d by Smusl (1975). 

!throat length m 5 D t  r 5x70 a 330 rar 

W.t&rr .pacing m 0.79 R. r 0.75 x 70 - 53.5 ma 

Throat entry profile - 90. 

fflaffuser angle r 3' 

The e x p w t d  ~btiicieauy of  the ejector ryrsiPrrr w u  

found from ths squatfen 

3.4 FaBrieatian wrkr oi? ejector system 

me notarfa baa fobricrstd w i t h  10 gusge rhvet mtal 

1 me cone angle bas -ken &a 16@ and -the norrlr 





length was c e f c u l a t d  a8 1 2  caa b ordu t9 weld tt ta 

a pieus of rtendrrd 60 QI p l p e .  A 30 rre GI croupling 

war pravl4ed on th8 swtim charrkr ta which ths aorrle 

war fitted. The p i p .  of the norsle arsmtbly w.8 ertasnallp 

Wead.6. W an length of SO um which emirbled the adjurtsmnt 

of the Xl~a818 thrC)at 8i ; ."dngr 1)0 e8 b f f ~ e ~  of 

4Crecztion changes in p t i i a s r y  end a-dwy flows, L o u r  

different ejrcWxr were tabricetsd w i t h  the W o e  daainged 

rrluas, The dfractionr o f  the grianary flak as well au 

aecmdarp flew wre man@ i n  the68 ejecWra an ehown in 

Figures 12 to 15, 

I n  the ejector ( P l ) ,  the ~ r - r y  f l aw was ma& at 

ri*t angle to O h m  roeondery Flow m d  the secondary flaw 

r.s kept a-aigttt 1). 

Xn the *j~cCor (B2), the prAmer]l flew was made 

mtraight m d  a direcairn change of 40. w u  glvsa k, tho 

s4condety f l o o ~  by using a portion of a 10 a dimekes 90" 

elbotr. rr the auctdcm ehl*rhrt ( P l a t e  2) ,  

Ejector urns al.o LabricsM w i t h  tke primary 

f low n t r a i g h t  m d  a &surge of direchion of 20" was given 

to the rscondszy Flow w i t h  49m help of a poraon of! 10 em 

diaamsts-r 904 Wnb (Plats 3 ) .  
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FIGl2. EJECTOR SYSTEM 

Primary flow 

Swondary flow 
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FIG14 EJECTOR SYSTEM €3 



FIG.15. 30" EJECTOR SYSTEM ( € 4 )  

Scak 1:5 

Al[ dimensions in m m  



Ru .>.atex (I4) ru f.br1cat.d with 16 paqa  

U*$.bh.dk w i t h  the m a w  flow atreright and 8 30' 

chenge of direouojl  to the primary f l o w ,  The ejemtor 

~ u c t f o n  and disotrarge pipe aSae wata ohoran as 10 cia for 

convanirnce in hartbling urd f i t u n g  e b  pipe comscticmr 

( P l a t e  4).  

There four ejector8 wse terted ra; d i f f e t e n t  

suct5~n herd8 urd We corr88pending capaoiths ware noted. 

A l i g h t  weight S HP, 3608 @pa "Orewe8 tarbudlni". Die861 

aulglne oouglcd te a 10 - 35 R head, 3600 #pa " ~ O *  pump 

war tarred ms prima (weifieation of the 5 HP 

purnp rrt u e  given i n  AppondU,~la f l Z L  

The -at. wags c~aductrd at ma telrt tank of 

Agriculture1 Pnginesrfng R~~leardr  hxk8hap at Manmuthy. 

There i s  a .%win tank each w A t h  s cat~acity of 12.000 litrae 

anel sepsrated i n  b s t o l ~ ~ ~ n  by e platform. The ps* ntatrer 

puqpret anb .I- the ejector ayskn w u r a  k.pt cm M?s 

platfonn 48 in PXatr (5) .  

The t w ~  tanka wrg8 of r i s e  4 m at 2 rn x 1.5 m. 

Theta rae a flow path Bstween the two bnkr  a t  a depth of 

20 rn frm tha Ceop of the plaW01~1. Till W i s  depth water 











or#rld ilw bma oeu Uak t@ othar. Zh. runztion pipe 

0f CEho pr3m jn6wu rad tihe ructioa &dm ro5 tlt. rrjaetorr 

wue k m  i x l  B. Tha swUaa l i d *  i r  tukm as 

#o 4Urrf;snm beb#.a me amatre of ti¶. pvlrp emdl tho watsr 

1 Tba Q+air*d Pwcb;ion &%fa: w u  rreintaSard in -8 

Burk 8 by pmapAag wkrr f s a  it. Thu .wsUcm lift vaa 

meamwed by 8 -3 $agw. W l a  doing rrgr.sUnentr the water 

frurk A, Tblr .aablrQ in prwvatnt:ing .r.n re- rrr.11 laas 

of H k l t r  'JCR* trrsk A UrS rfwaw kept frat& (WW MI! 

para~go) .. Whoa . 8 4 f  4Aon.l w&%et cfaw h b o  tank A, a i r  

8bbitionaf water w u l d  lsrak W U, #w k.+ghng 

WWD bosd ct#trduat &lng p ~ ~ t f e u l w  tee. 

Th+ eYgwLI+1Zta YU* &#a* i n  swb a w a y  that! wm 

*ISVOW hadl -8 mad. #f 8 tsp ~i the 

esllw&4ng dnm vrrr &apt tn Irhe ruw b'tr;arrtrJ %Am as the 

crrntse af the p w .  'gb. t+icaMonal 1-8 i n  thr p4pa liar 

*d t i t f i ~ g s  w e  ~;lrort +r* ia alf ah+ rm-trr, M a s  

total b a d  clarld k, r+pl& by mtioaa l i f t r  i n  ploWng 

bh. graph+. lhm t~ ahe of .rC.qu.W th~iear  Sn 

reamusing the ffleW0~11l &ma, it d d  sot k nie8mard iR 



1Ph. ~ i z s g  cwgpWty waa &hrlnLMICI am fellow&. 

Z?m uatur was ssfA.ISrt+Q 3a a iSQ &itso druar, 8- thr, Ulrcr 

~ W g r b  $0 fir& %he dPIsn W a 8  139- aft 8- 

wa- (P lr tr  (I). brtrr #a sapoaiw w u  mm8rt.d tat& 

&&me8 par rfaum. 

Xn ap+r&Uoa, wba tR1, a#wtrifug+l pmp wau atmrlr+d 

after pgirrlngr w8&rl w its (PSLIW) -ti- 

pipe -8 Q+liver.d faxwdully 60 d;ho m % l o  of the *jw?ter. 

me norxlr, aem- #w Bi$h pnmaure wr- to high 

w l l ~ f t Y  f& of W.%-. Illhi8 ,$& of ~ 8 -  aetr8d th. 

atcrasaary water irr el-r tDCD gcnto w f $ h  it. An inbucod 

flw 09 water i8 8hultroscwumly orrest& 8% a ejsctor 

( w a r y )  nrct;toa rrad 1- ~Y)~UM of wrtaz w.8 &.wn in. 

w i n d  flow u u  *an F w d  out thr- War, defiv- p i p  

of the e j m r  8yrt.r. 

ma vaaur &a-I in boa clatri WXQ! h p t  at a 

dqpOI of 2 a8 ftor mp et Irho plerbiroa. Thi8 help04 in 

k q b g  t b  metion & A f t  a t  O.30 metsea* Tbr e j w t o ~  wa8 

kept tm Me plrtionr i a  d a way that aha eentjre of Oh@ 

ojeelror s y s m  MQ fhe oa&sr oi the pursp were at the rmm 

horiron-l plena, SaexLble pipar w e  u.&. The dirr+t.rr 

awUcr~ pigcrs surb belivery pima of ccsnWifuge1 pump 

W 8 8  SO m d ~ Q S I )  ~f ahd 038CtQT W 8 8  100 111. ' 



?&am 6.  C~&leetba 0t ~ 8 -  8 380 24-8 oil CIfllll 







of FlucturUogr  abnsvd fa #* reading sf the vwam 

gusge bit lr+d ~ v r r  tha rid. of the prirr mwr 

pumprat, wwu gmrhzmmwa ei! me -8% vrrr urchlpadt by 

maaswiag the W-1 awW&oa ftft twmdlhifiDa of uah * m t  

arSterirr by n r u u i a g  Wm 8.glch of we- level frun the 

arntxe of thrr i v r s r r g w  by 8 r$n& tam. 

Xa prelhhar]r w u z W 8 a  Ea a d  E3 @a*. elm#+ 

8irL1.c remlta. &ut 5 w u  #a%.cMI tor Mthu ugerhent .  

b e  to the follcmhg rer.acr8- 

fabricraUua di f f inn l tL88  - bmaum of UIe maall aagle of 

lnc l ina t im sf aha reemndery pAp8 bs the primary pi-, 

~ \ U W  aa W ~ S  i a ~ i o a a  w i t h  a q r o i a i  bat, mti3-8 

%?he expesL.nt wa8 conducrkd wtnp El vgto 8uctiw 

lift of 3.00 metres. P o f  osnbuczting expurbwat. boysad 



ru83uooa lift of a.m. rC+eag WQmdaa trbfrc w u  p1& 

os tkrb p1aWona. 1I)10 m m t  wa8 i ixrrcs an the table, 

Th. rj.1~- mhr a m  war ltrpa m M a  table. Th8 b . ~  

p l a a  waa ti@ Ibo tBr W@ @t tbm Wle .o that ahr 

rirbZatimr d d  tn t.drwd W a rinhm, To con&lert 

-at8 a+ C w t h r r  #u%&cxs fig- ma pump mad me emtor: 

# y a w  had k, k guiW.  ?as tbi8 .t? i ton frma war mad@ .. &wwn b PSrt.  (71. 'PLu pusput w.* f t t td w Ith. 

Lrrsw mb thr frrr, w~ f i s d  80 ffto -&em ki iroa 

bkw amUfU*tiss#, wm m r b .  a* the swam m i &  

ef wm 8mmduy tab. AT ma 8wiim&m pip.  -8 kqpt sn 

the tabla, Us~g w i t h  tha mut ich.rc8 wra ceaatd.r&lr, 

rrvlSrsclPiorr f a  thu rll.csrrb8t)l 8wtlon. This say k dhre to 

the Ugh rris 40f- fB Ohl) ~100- tub.. m a  
it wr n w u e u y  tm 1it a M Valve tO the 8ecmw9q 

ride. 



PS8t. 7. 4 HP puypart mmtd aar ra iron esum 

P l ~ k  8 .  UjeeWr -8- rownt.d c# rszr & m m  table i n  M a  
S =-It2 embtnatLea 





A8 IQiPrwuof JL0J)rriJdenetcrrno 

faot valve of rim w u  ear i ly  available i n  the rrea?kat. 

H+nar me 8-la d w t  velwe waL C.bricclWd loeslly 

!Phe r r a ~  wparzillrmtr wuo repea- taring the ajoctoz 

S2 in a 10 W urmgemeat .Lw (&on, i n  piate 10). Ma- 

hrs S NP ptmtp8.t w e e  aeasa84wb Ln aexiea, end % nblsslO 

havhg ttp dAamter 20 n wall uwd in the ejector r y r m .  

Tha r ise OF the scnsle aratd%iag fir* 10 HP 

war d.8IgaQd in 8- wey a8 in the @ e n  af 3 HP prrqpret. 

St.p L.. fa  rirw of Ohe ..ria& -881 ot tho pr;tlacr atoras 

the beat aLfidaney dbrdrwgc, ocld;rroity fn would 

&tap 3, Aammbg a higher y a m  le88, lor the eamb&n~tSon 

tho dfsoat fe  bad, Hn sad c@prcci0y, Qw crtrailrb~u W the 







mu-tirpg aha v.lw8 for IBr - b80 lmr Ha m 35 n+r*8 

Cd - 0.99 .ad g 8 qIw2 

and a ~ IY )  bi-wr ef M R w u  wlb.6 Oa, 8 sfppXe of tho 

8mm 8;Las. 'Pb. cbppo8itm end of tP1a ailyp1a dm turn w w  

fit- to w eIbm* k, introdueo ?he aorrla W the metien 

ahurbres in  r diraetfon par8liaf to the 8ecmnQ.ry f1Lo-w. 



Threat lmg# - 3 W - 373 m 

West18 8p8ebg rn @.'IS M: * 56 

?Eho capnr#ltr at the crj-r spa- ware a@& 

ma* QQ 14 QUOQII 84.8. 6e.t a d  joined fezll maran8 oi! tlrnnge8 

at P ~ S ~ O U ~  wetio~18.  A .is8 Of 46 a x 20 an wau eomm 

fox the euet.%on Qhm@mt, me sisrs of uuttion curd Qi8@hatglc 



ptjm caf ejm3Ws wem Q R o m  u 160 am far oonvmnfewe in 

hmdling .ad fitdbng of pip.  c~ouiecEltion8. 

nhil. aobg rspexi#mt. the #asadlag choiBef uadt 

for 5 NP pumpso€? wra tud by ohrngirrg kh+ nosrlr. The 

mqperi#rAt w u  ~oaduotdl at different 8ucUon herdr sf 

0.30 Ilr 0.60 OaJld Il ,  lam I, 1.110 R, 2.10 I, 2.40 I etC. 

me r+a&snga wt8 a@- u i o  ?he 888e of 5 HP pmp8.t. 

T)lr puuipmtrr and cj+crtor wre kept oa the 

platforar of Ww tart t.slr upten r; auetioa l i f t  of 1.5 sp 

( p l b ~  f 1) r %'h9~ t h ~ l ~  -a mt.d Wl the W 3 O t b  ta-bl. 

t ~ r  further nmation 1AfW. Ttu, ejecEtor myatam wau kept b 

the rwae &eve& by pl.CCIn$ it em mn irorr tiable 8s ahom in 

plate (12). Bxperirrcm4a upto 8 suetien lhftr of 2.4 I 

urrrr, eanbua+.d. -csriaMta further sw;rUonr &if- oould 

not be ccmQ\octd due to prsctical diff  lcuftAcr8. 



Flat. 11. Tw, 5 HP puypretr, -t+Q om I wf#b.a trblL4 
.ad sonacw- in d s r  







Th. ~tmmlts of the preliminary, fcsts  using 

different 8jgctot  rys- ara rham in Tab&er 3 t# 4, 

me tau ejectors el, E l .  E, end PI w r e  t.st.d 

upto 8 sucUorr head of 1.5 mtror. The capacity ratio, 

flow +@tie and a u h ~ p l i c + i ~ u a  Pector in each cere are 

ca%culrr%d anti drown in Tablee  7 to 10. The virriationm 

of capsr~ity rsr+io, flotrr ratio and aultfplicetfon factor 

for &iffelcent a c t i o n  lift@ ere shown in Pigwee 16 to 18, 

Cspwity ratio 

Capacity r r e o  io the xat io  of total flow k, the 

p t i m r y  flow through the ejector. The graph gives e 

&8aen&fng mxvo fm left to right. As head incse88er 

capwity  ratio dRere8ass. 9he higher* eeapaciw ratio8 

obtelned for ejectors g2, Ej U L ~  L4 8t e auction he.d 

of 0.30 m are 3.67, 4.16, 3.9 m d  3.113 resgectf'~~e1y. 

9) .nd S3 gava bttu temlta than the other tw 

ejectors. ktvaen tha Z1 we. Lcund to be rore advuntag.oru 



In Si a d  X4 there u u e  ohanyms i n  direeUon 

of prbarcy flow and due to this,lome of pr- head we8 

d e w l o p e d  at the en* of the throat of We ajectort 8ystraP. 

Puu t0 thf8 lors af herd, t h u g  W e 8  Q rsa&&fon of partial 

recuucl~ &velwgml inride the mixing chambar. This w458 W 

re88oo for the d.creamd c.p.oity r.cfo i n  By a d  I, w i t h  

eampu.d to the 6ap.ciw ratio oi EL and S3. 

F l w  raWa 

Flov raUo $8 the ratio of smxmdary flaw Oo -8 

primary flow through the ejactor. Thus the capeaw ratio 

flow xatio + 1. The ahwe o t  the curves wsre 8- a8 

them od oayacity ratto. 

Wul%iplicaUsa faator 58 the ratio of total flow to 

prim- flow w i t h a u t  ejector (i.e. ths discharge of €he 

csntrifugel pump). This r ~ t i o  gives r clrar idea at  e s  

u t i l i t y  of  the ejactcr aystem in a lbet up. I t  indicrtea 

the nunrbrsr of timer by which the flow i s  inoread whm an 

ejector arpstc#a ir intro&ceil fn the dslivety aide at a 

cenwi f ugsl pump. 



- - 

Pltiaam ~%QY R- fl- @=- Total fltff - a JscslPos ~PxjcOlPaxy f31r- + ~ c I c ~ ~ T  
suct;ion 8 Qtjt*oi ?La9 a . m *  + #mxm&lrlCS flw) 
&if t prsrswa MI* a n  eha T OCJooi ,, 
r(m) @1m- (u) (IF taw aharqm a+p.of Dia- tkdc*', - ~011.- {*) (lpr) uatrsr =- ***  

ebnl (3 1 (2 1 -11- -- (#I  (&,P 
(a> 



- 
lift 
(la) 

- 

Uty*of Tim@ Pis- &y.of *- 
water taken af8- -.of 'Fir#! aim- 
colle- ( 8 )  

--* taken -=ye C d l ~  1.) water taken charge 

cat4 f rprr c t d  
(1 > (1 1 e 4 d  

(1 1 



Table 5. C. lml . t ion  of! dl8chrrp.u of s I(N3 ~i . . t io l ,  

Delivery ---- 
sueti- pt**.tlr* Oty.of 

left (kdm2) wat.2 
c t c j c a  
(1)  

I b t a l  flow 
',O* -OUOh (Pzhuary through ejeEtOT s ja#aor + recsnboxy fXcw) 

Tiro Pis- 
t4tkrn 

Qty.of TTb# Us- Q ~ , o f  Time Dia -  

(sj wat.r t a b n  drsr e w % W  w e n  char e 
( f  p e ~  a~axe- (Ipf ~ n . ~ t r d  (1p.8 



Prfrary flaw th- Te-I f low 
Pr- flaw * j u t e s  (Pr- Ohr- ejactar + 

Delivary -dairy ilw) 
EluctiQe presmra &if t 

.rr 

cRy.of T h 8  
-- -- - - - 

(rr) M r -  Oty.sf "Pircr MI- Myoat Tiwt Die- - *= * water -It- charge 
#mil+- ( 8 )  (lw? emllm- ( r )  ( Iprcl) 
e t d  
(1 em% 

I trl tr) 





Px&sry Total  flow -- (Prisnery ~ k o o a d q  ~agmeity n o o j  Mu3 tip1 i- stlclrft3m flar 
lift; flew through flew ratfa ratlo cation flaw *-sh 

t lpra) ejector + (lpaa) n* Bt factor (BD~) 8$WZteS 8 t w u ~ d ~ r ~  F 
(lp) f low) 



Table  9. Capacity ratio, fleb ratio aad multiplication factor of S He-L3 eambination 

Tot.iil flow 
PximUy (Prhary S+condarg Ca,zacity FZow Wultipli- 
f lov flew tnrovgh flew ratio ratio cat3cm Suctis~ P t i ~ ~ a q y  

lift z 1- through ejoet~r + I lplla) JS* n Pactor 

Gal ( 1 ~ )  egector secondary F 
~ 1 p )  f l o w )  

(1-3 



Table 10. Crpwlty ratio, flaw fat lo .ad multiplication factor of 5 W-g4 oolbiaation 

Priaary %bt& fXew 
P x ~ ~  Buction flaw (primary flaw $;crcondary Ca~acrity F l w  MultfpPd- 

lift - *-* flew ratio r o d e  cation 
(em) ( 1 ~ )  rj-r ejuetur * (1p) factor 

(Iprr) -&=Y 
flow tlprl 



SUCTION LIFTCm) -----r- 
FIG l6.SUCTION LIFT Vs CAPACITY RATIO 



SUCTION LIFT(m)- 
FIG 17. SUCTION LIFT Vs FLOW RAT0 -- 



SUCTION LlFTCn3- 

FIG 18. SUCTION LlFT Vs MULTIPLICATION FAC-mR _ 



Due to the 8bdUUem of the syrrte4m in t h m  

dalivsry rfde, #ass we8 loam fn the primary bl- of the 

centrifuger& pump. The puorratrga lo86 st prieuy fZow 

A8 8hom i n  Tables 12, $2, 13 (sad 14. The range of lorn8 

%a 20 to 30 par Gent. 

The curvall; u e  8lrafhar to tha t  of aerpaciby ratio 

and f lm rat io ,  Thr d t i p l i c a t l o n  factor reduema ss 

b a d  ~ ~ C C U ~ S U @ *   PO^ Pa ,  Lj ~d i,, the a u l t i p l i c a ~ ~ n  

fwWr at a suctiwt lift ef 0.30 ~t as8 2.88, 3.85. 2.93 

sr.d 2.46 rsapectivaly. Pa also gives better multipllcetian 

fec-r than other ejetmxr. For one metre sue3tion l i f t  

the multLplLcation factor of E2 i s  2.5. 

In general the perfommoe v&lua# obtain& ahow 

met a 1- mat *j0(3001 attw?hamat could be utiliasd to 

multiply the dllscl.targls of centrifugal gwntp 2 tco 3 t h c s a r  

ir~ the suction l i f t  rmge of  0 to 1.5 matrea, w i t h ~ u t  

much i n i t i a l  coat. 

wsr rslwtcsd 88 fhs b a t  ejoctc;rr frora th. "2 
grelinrinary exyerimento. Tha results of the m8Ln ezperhentclr 

using E1 upto a auctico lift of 3 u tras  we a h a n  in 



Tabla 11. Percentssgo &olrr of primary flow while paesing 
throtlgh 0j.oWr 4 

Suction lift Prbarp f law Priarsry flaw Psraawtege 
(er) without e jecbor i9irough 1o.r at the 

eject@% cljscrtor 

TbBle 12. Peroentoge loan (81 prinarllf flaw whilrs parsing 
#rough aj.c+OI La 

Suction lift P x b r r y  flew Prim- flaw Pererarttaqa 
(as) without ejrct6r through 1o.a st the 

e j e ~ s W x  ejector 



T a l e  l a ,  Pweentage lorrr ot priasry flew while paruing 
WOU* el8eWt 

Suction l f f t  Primary flobr Prlmrry flw Psreentaqe 
b) without afrcWr through leas at the * j.ctc#r ejmWx 

Table 14, Pexcentaqr loas of primary flew while gos8ing 
tturough ejw-r S, 

&ation lift PrSParp Flow Primary Flow Percentage 
b) without sjwtox 1-8 st the 

sjectux d jmtQg 



Tablo 15, The cspaeity ratio, flow ratia and arultipli- 

cation factor are calaulabrd and shwn i n  Table 16. 

p'ot one msWe nrction lift ths arttltipli caacrn 

fec-r is  about 2.45. In KutW~~ed snd Trichur -la li~snds 

during the dewatering period, the range of suction lift 

i s  only 0.5 t o  1.50 aaetzes. Within this tmge  the 

wultiylieetton factox i r r  between 2,8 and 2.5, Hsncm the 

ejecWt @an very w e l l ,  be t tsM w i t h  the Centzifugd pump 

to increase its capacity. 

mt for. s suction l i f t  of 3 metre, the multipli- 

t s t i o a  fatstar f u  only 1, B4YQRb 3 m the dibchst~kt  

capacity will ba reduced w i t h  4 t h  ej+ctox qfrtsm, Werice 

the use of ejector mystsla to inere868 tha diochierge 

ca,jecity of tho csntrifugel pump l a  restxist& to a uuction 

l i f t  leas than 3 m, Ejectax system is very s d v a n t ~ ~ e o u s  

to a auction lift upto 1.5 me 

Head capacity characterAstis8 

LPne head ~ 8 p 1 ~ c I t y  cuzve A8 plotted @I 8hwn in 

Fig,19, !Phe graph# are ploeted v i a  osyecity (tom1 f l o w )  

in the sbci8.a and suction head in Oh. ordinate, Here 

suction head i s  taken inat.aQ of tot& head for reasan8 

already explained An Chapter 3, 



V e l a  15. C.leulatioa of discharges of S HP-E2 a m b i n u t i e n  

Fatal flau 
Prinary flow Prhaw *lor =Ou* (Dxirary f l o w  thrtmgh ejector .lector 

Sucti~n Delivery + l~condarp flow) 
lift Dr..- QQfoof 
(1 1 Tiaae 331s - QQ.of T h m  Sns- ~"tp-of T h e  

(kp/cr2) rater -013 ~h water . ~PCIII  ch.2 r water 
Di ia- 

coxla- (81 (Sr cogla- (=I dsrpe  iImP c o X I c  (s) 
wed c t d  cted ( l p m )  



Table 16, Capacity ratio, flm ratfo and ~ a u l t i p l i c z t i o n  factor of 
5 W - P 2  colbinstlan 

- 

P ~ f n a x p  %ta1 flow 
Suction Briiaisry flow flm %con- C a p -  
lie+ -rQwil& CAW FIOW HUI tigli- w i t h c r u t  Primary f l o w  dsuff 
(aa) flow ratio r a t i o  ca t f  on ejsctor tb - ough 

Q ~ L ? C ~ O L  + ( 1pn 1 Factor 
( r ,~m) 

secondary 
f l o w  (1p) 



CAPACITY ( L p m )  ------)c 

FIG19.VARIATION -- - -- 0 - F CAPACITY - - - - - WITH SUCTION LIFT IN A 5HP-EZ COMBINATION 



Aa netion head inuteaaer griar~ry blob b+crse8.8, 

thus creurring 8 1cdduCYtlcm in the cuublned output. A t  e 

certain suction head (a to~urd  3 ns) the suet ion  flow has 

ceased and the output o f  the sjtsctox system beceso. the 

same a8 tire primary flew. The perfomatnee of the ajactot 

upto %his point may be considered as i t 8  useful r a g e  am 

e lek l i f t  grttqging device. Beyond this p i n t  of zero 

auctim flew, as the head iSmree~d, the j e t  pump neither 

rbmptSy rtoppsrdl paraping nor continued to give the canatant 

flaw which waa dexived fm me pshexy pump. Znsteed 

We pump kepi oa dfecharging at 8 reduead rate. mi8 

n m t  thee the f&aw from the prfmmy pump dfvidtd itself 

r s  i t  enterred the ejector ayatem. Part QE the flw w~rr 

delfvarad at the clllrtcharge outlat while the other part 

flowed down the suction linm of the sf =tor to the Oank. 

The w v e a  rererpbSao the head capacity curve obtsind for 

the experimental jet gunrp daeuzibrb by Swaual J (2973). 

It could also be seen that  #a uaehrl range of the heed 

capacity curve $8 abor t  rimilat  to the cheractrristic 

curve of 8 centrifugal pump, 

Efficiency chzsreeteristicm 

trff icirsncy eurrs l a  plotted tmking rapacity ratio 

in the horisontel axis and aiffdmcy i n  We vextleal 



using #s equae4en .im &5 H is given in the 

Table 17, 1.5 + W2 

The higrlcae sfficie?.ncy of 39% is g&vtlan for a 

cspacitry retio of 2-3 correw$andina to a suction l i f t  of 

2,7 srstxer. Up* a suetien lift of 3 m i ,e, for a Cctpacfty 

ratio of 1.5 Ur+ euroa . h e w 8  an abrupt fall. These 

cunres 8Xe  airnllar to the ef f i~ iuacy  Curve# obtained fox the 

experieolmtal j e t  puari;l d88crib.d by llarual (1935). 

The ejector wa. also tested using a 10 HP 

p r i m e  mover pumpset, by canecting Qrwo 5 MP pumysets in 

series, The results ere tabulated fn %able 18, The capacity 

sstio, flow te-o aa& mulUpl ieat%~n faetag we calcalatsd 

as ahokn i n  T a b l e  29. Were r capacity xstie of 4,30 and 

a multiglicstion factor crf 3.39 obtain& a t  e, auctiofi 

lfft of 0.30 mtre~, FOX a -tion lift c>f 1 RI, the ~ d l e l -  

plication fector is W u t  2-8  8ad capacity r a t i s  i r  about 3.6. 

The experfsasnt with 20 NP prhe  mover ha4 to be 

l b i t c d  to 8 auctloa Ltft of 2-70 a, Aa two 5 HP p r h  

pQtrarr wera connected i n  aeries ,  it wa8  difficuft to l i f t  

the p w 8 u t s  to further heights. 



CAPACITY R4TlO (, My ------ 

FIG 20- VAR\A7 10fu OF EFFICIENCY WITH CAPACITY KATlO IN A 5HP EzCOMBINAT~~OPB 





Primary flaw w i t h o u t  Prirrsry flw through Total flaw 
rj.ctor ejmtor (Primary flaw through 

&uctioa Preraure ejocter + rclcondexy flow) 



Table 19. Crpaeity ratio, flaw ratio and ~ultiplicati~a fa- of 10 HP-gZ embinat ion 

~rl~laxy tarirnary 'Icsw (~reandiry  pa- FXW ~ultipli 
Suction fla,  withawt f l a  Mrogh (prwrp flov flow eity ratio, cation 
l i f t  +jector s jeter  (lp) ratio, i4 Factor, through (a) ( I p )  I l p m )  ejector + x F 



Ttra aarvsr rrhewlag suction l i f t  Vs capacity ratio 

an4 sauctlon lift Vs multiplieration factor are shown in 

Fiy.21 

Tfte hsad eapracity ctmtre8 are plot ted 8s achonn in 

Fi,.22. It is similar to the hsad o.pacity c-uve obtelned 

A curve i a  plotted wieh @~pdbClty r s t l d  in U l e t  

hsrrisontal u i r  and efficiency in the vertical a x i s  as 

show ln Pig.23, The calculation of af2lciancy using the 

equat4oo "2*- * i s  given in Table  20,  

%be efQici~rncy curre is also aimiPax to thaa of the 

The advantage8 of utiliaing a ~ e n t r i f u g a l  ejector 

pump mmbfnetion can be Lieted as follora, 

1, Attachment of sn ejecl;or sy%taa inereas08 tho 

Uf scharge eepacity of a centrlPug&A gum@ at the cut~~anra of 



FJQ~~.VARIATION OF M* AND F W f W  S U C T I O N  LIFT INA 10 kIP- E2 COMBNATION - ---- 



fable 20. C a l e u l a M  value of effici.ncy for 10 H D S l  corbination 

Suction 
(an) 

* 1 J 5  W X 
l i f t  'Pgtsl flaw Csrk;acrity ratio Flew r a t f a  7 ,  

(I.*) n* n t . s  m*2 



CAPACITY (Lm)+ 
FIG ZZ.VARjATION OF CAPACITY WlTl-l SUCTION LIFT IN A IOHP- E2 COMHNATIDN 

--- -- - . - 





i.r;s grcarsure heed. Thus a jet pump attcc=kmsnt wuld  

pe-t the salvaging of the poultlc lors  aesociated uiWt the 

use of a vast number of cmWifuga1 pump, nota clarploymd in 

rice prs8uct;ion. 

2. I n  situeitiona where there i s  u large vtrlatlon 

penraits the a e l e e t i ~ n  of a high prerrwr pmap as the basic 

unit.  Ther ~tteschmrrsnt of en ejector syatm would enable 

t h i a  ywrp to kork afficizntly a t  lo*. l i f t  cw.dftion8 alas.  

3. A centrifuge3 ejectax carnabination requites much 

leas ecepital inveatmnent than buying ttm pwaps, one for 

high head eon4itiena and the sthaat for law head conditions. 

4. The piping and houshg inatallstion8 required by 

centrifugal eject- cartbination as4 1 ~ 8 ~  then those fox 

8 lm lift, l a g @  val~b~e P w r  A100 Ule ojemtor cen ba 

detachad whip higher hemla ate sch;tuircd. 

5, Since na adc!lLtionll rwrnlng or nreintenance 

elrpen3iture is inoolv~d,  the csj.ctel: system offers both 

sconotnic advmtages and flexibility for the puwrying system. 

6 ,  E j e c t o r  system has no ctrwplics-d p a t t r  and cen be 

f abrieeted 351 an srdinsry wotk.hop. 



7. HudQy andl debris laiden water can be pumped 

through #a aj.ct@r aryrtar as i t  hug no naoving parts. 





Preaoat a-dy waa aa the QIP.&apraat sf ejscWr 

eyaCa8, for Sasreulsyl  bhs afrdhuqer of oentrlfiq~rl 

p-8. Tb. ptt~p ba;pstsiliw raquirrreat la q#xlcultun, 

rrgrcriU1y ib ria* pproduRUora i r  srsentially one of law 

lift md high - a ~ i t y .  WL~UH at tha low l i f t  amditioar 

the fa1 ey).clty of the wtrifugrl  p m p  cum@ k urd. 

iBy wisg u, ej.ot@r system M e  esnttifugal pump i r  brought 

ts work wrdet that beat effidencp cead&Uc#~ &wing me 

1- l i f t  conditioa also. 

pruapr by ettawhiiog an rlnuqrwzrsive .nd #Ample ej8ctst 

s y r t m  waa denat in this project. %be mein objaaOjlve was 

to find rrut Wbts weful tang+ of . W o n  &if- i n  bhr 

rttachmant; csn ba sdvdllt~a@~u8. A at* 6n thib 4.algn 

p u u r r t e t s  and e$ficioaey czhateutarirticrrs of the * j e e r  

sycrtaaa was alsa W e .  Pout of i!je~tar: #y@dbA\II were 

testad crirae,#r the b a t  me out of threar krc.d oa the 

o*pr@fty ratio ~d rrultiplic~Prion factor 0bt8An.d~ Capmttcy  

r a t i s  u.8 d r f i a d  68 the ratPo of toea1 t l e w  to the 

p t b u y  flw through the rjcctot. Multiplication fecter 

w.8 defiaad as We retio of Wtal flew bo tha ptimrry flew 
wifheut a jrcWx. 



I2 
- Tbo p r b w y  f5w wee rQr.ight aad e e  rwmndary 

flw fac1in.d by 40. %e #a primary flow, 

1. %he prrelinlnaxy esprrrhaer were ecmthstbd uaAng 8 

4 WP prirr, mver pwegmrst w f t h  811 Icha foau ejeotesr, 

Mpl. a AUtZ- %tit namely Oi, 5, S, .ad L, ~ t *  a 

met ion  Utt of 1.5 metre. Opt et Ma ej.otot La 

gave the hlgheat 68p.ei4q 1~at .b  af 4.1 and highest 

ml*&plicaeon factor of 3.1% at 8 auotion lift of 



4. In ti and ., these ru a &.age le the dlr.cUon of 

i>rtrauy flew rrrd Bw, W afrfr a lo r8  of pr- ha.4 

Was dn0149p.d. B i  Q.*. the l@w8t @ . p ~ & t y  ratio 

arnd ~aul+iplicaf;icm CarcWr. 

5 el was found rn h m  r a y  oUIu sdrsnUpm# NEh am 

earlnere of b ~ b r i c b t A o l ~  . ~ d  fixjag. 

6.  hu to tho .bb;ttfon 09 e3-r qrtrar Sa the 

dalivexy of the crntrlfugarl puagp, there w.8 8 

1-11 in the gxljrauy flow which wso about 20 to 3Q 28s carat. 

7 .  PO;T a nrction lift ot 3 matr+d;, the muJtipli~11~Oim 

f ~ m  W U  1. 91.- Oh* We 6t the ij6(2-? .jlstYa 

to Snux+ama th. QUsehallga ueprcity ob the c~mtritllgel 

paatp wm t 8 a t r i e W  4@ a &Sf* blw 3 m t t 8 a .  

8 .  W i M  10 HD pram* pW@p#.t r2 e.*. the highest 

aragrotty reUo of 4.3 uzd mulaplde&8f;ion tactox of 

3.4 at rr euct;Son l i f t  of 8.3 m t r e s .  For 8 ruetion 

l i f t  off 1 mtxar the eapaaity t u t l o  war 3.6 sad 

aa~lWgl ieet im f- 2.19. 



9, Is the head-ospaciw curve8 plotfsb for the 5 HP - 
Ca eabinst laa ,  at a wztaia  suction head j w C  

a b w s  3 es, tho muctloa Z&uw had ~.aaad wid output 

of the ejector syrbwn hccpr8 Irhe #me as the prim- 

/O. The head-ep8dty cur+a reraollbled there obtained for 

tk8 ucpsrbmntal jet pwqp dcreloge6 by O r r u e 1  (19755). 

11. The useful rmgr of the head capacity cure As alnrost 

sinflisr to the characteristic ~ ~ W I I  of  r ten-f fugal 

P W .  

12. Ca;selty ratio Vs ef Licieny curves An born 3 HP-lE2 

corabination and 10 mmbiaat&w rere  8&dlar to 

tizssa obtained fer the ewpaxhmntal jet pump d~elop.6 

by Bemuel (1875). 

13. The moltexia11 aa8 fabrSeeUoa cost  of the ejactas 

sys- iacfudfng tha -a t  of suction md drliverrry pig06 

C Q R R U ~  to rrbs\dt ';sr870/r. 

The adventage8 of the r j e r  s y a w  can b s ~ m u i 8 8 d  

8r fo3lowst 

t .  The attzscbent of an ajeotor ayetrrra would enable 

him head centrifugal gbwp tQ m k  a t  it. M a t  

8tflcienay re L0w lif* ctmCUt&onm elm. 



2. A aentrifupal ejectror carbinstion regulrer: Isms 

capitel invertmmt than buying more man one, 

centxifugsl pimps 4m wefk at dibfe tent  suction ifits. 

3. Tho ejector syotem can be datachd when higher head8 

w e  rrequirud. 

4, Ejector aystear has no ccmplicated p6rt.a and cen fpe 

fabricated in orAinery wosk&mpr. 

5. Xuddy and debria laiden watcrr csn h gumpad through 

#a ejector ayrt- as lt har ao #InSng par-. 

6 .  Adc;-slr a t ~ d  maknte~lisncs expenditure arts little, Thur 

ejector bystern offers both econmic sdv~ntages and 

flexibility for t h e  pumping qrtcrsm. 

7 .  ?be t i m e  of  pmyfng can be reducod by the addition of 

M ejectar systcrtri, *tab 8aving power efther er1asetsic;lty 

or diesel. 

The following are a m e  of the works suggeasted for 

further inves t iqs t ian  . 
1, PurWer industrial  extension end design work should 

be i n i t l c t e d  W lsc~te apec i f f c  axaas i n  which the 

device would have h t e d i a t e  emf icstion , 



2. Ad the sjectot system ha@ no wvfag pa-, the 

parsibillty oft cllleveloping s mud pump base% on thi8  

principle appeera to have goad poteatiels, F'wf;trer 

work may be dme for ewloring thia  po8aibilfty. 

3, A s  the primary f l o w  pasm~a thr~ugh the ajcfetor 

r y a t a ,  there i r a  about 20 to 30 pex cent  loas. 

Vurth.r work may be tam up tO racluc% this lo88. 





Mdiron, Ha 1966, C m t t i f u g s l  anb other: rotodynamic 
p u p a ,  Chapam & H a l l ,  London, 

*Cairn, J o R o  and Ma, TmYo 1069. Optienur desipn of water 
jet pumps. Txanaytionm of Ihs ASME. Journal 
af Engineering for Bower, Januury, 

Chmdrawhan, V, 3984. Developrent of mall 8cale 
dredging un i t .  U,@a, thes i s ,  1Sersta Agric. Unitf., 
Vallanikkara. 

*Cunninghm, R,Q, 1957, set g\raRp t;hrsry and paf0-m 
with fluids of high v i . c o a i ~ ,  Tsens8etionm 
of the AtWB, Wovamhr (In) saausl J o  1975. 
Water jet pumps for  Zow l i f t  epglicarti<jna. 
Ph.D,the@i~, I n d i m  Agric, Ream Xnrrt,. MW Delhi, 

*Gosling, J.A, and O'Brfen, E9.P. 1934. The &&tar jot ptrsnp. 
Univ, of Californis publ ica t ions  i n  h g g ,  Vo1.3 
(ltn) Si l~ual,  3, 1973, Watu j e t  pumps for low 
l i f t  appAications, Ph.D. t h s r i e ,  Indian Agric. 
Res,Inst, , Mew k l h i .  

~ a j i l c l ,  H,S .  1987. Design &u% Ihveloprssnt of a high 
capacity ralvinie H a m ~ t ~ o  H.Scothsria 
Itcrrsla Agric, Univ, , Vellunikkwra , 

Hanaen, H.C. an& Kinnavy, R. 1965, The design of water 
j e t  pumps - B u t  I - Experimental determination 
of optinur dosi n rtmretctra, A m E  p-er 
No.6S-WA/PE-31 7 X n  y Swwrel, J. 1975, Wamxjat pump8 
for low l i f t  applicattona, Ph,D,%oris, Xndian 
Agric, Reso In r t , ,  Mew Delhi. 



* I C E Q ~ I ,  A.E. 1947. me design of jat pumps. ~hemicsl 
mginuring p m g t 6 8 8 .  V a l .  1, m b e r  (In) 
B a n w l ,  J ,  1975. Waterjet pmgw for lov lift 
.ppl icat isns ,  Ph,D,Ul%ris, fndian Wqric, Res. 
Inst , ,  New Delhi. 

B a r u e l ,  3. 1967. S4wbier on wabx l i f t i n g  dsvlces. 
Technical xeport Agziculturol College 61 Research 
fnstitute, Vellsyanf, August. 

Samuel, J., Yicholr, P,E, .nd Roy, 6.B. 1974. I3estgn 
of Centrifugal jet pump ambinaaon - A new 
approach for rice Asrigation and drainage. 
Paper premntod st Wa Aanuel convention of 
Philipsine Society of Agxicultural Enginmerap, 
April. 

Samuel, J. 1975. Wartex jet pump8 for low l i f t  applicetionr. 
Pia,D. theois ,  Xndim Agtic, Rss. Inatituta, 
N o t "  BBIhi, 

Sat~ucrl, J, 1980. bvelopraent of Selvinia harvesting 
machine. Psper prercsnted 8* the reminag held a t  
tho College of Agriculture, Vellmyani (unpublfahsd). 

Ssnkaranaray~Qn, H.R. 3981, Mit.chanica1 ecrrrtrok of f loating 
type aquatic w e e d ,  GUvinlar 6- (Afticen 
payak) . M .Sc,thesl6, K . x a l &  WQrie, Univ.. 
Vell anikkaxe . 

*Silvester,  R e  1960. Chsractexistico and a p p l i c e t i ~ ~ s  of 
the water jet pump. La Houlle Balance, 
Aug-Ewpt. (In) Samuel, 3. 1975, Water j e t  pumps 
for l o w  l i f t  applicatisns,  Bn,D. the818, rndien 
Agric. Rars. Inst , ,  New L)ethi. 



Stspanoff, A,J, 1964. Centrif\pgal and a d a l  flew 
puap8. Theory, dosign Mb applicstion. 
John Wilay Ct Sun8 Zrx. 2nd 24, pp.402-415. 

Surya R a o  Singranrefti and V l c f u r u k ~  @&a, 1977. 
Perforarancas charac traxiatica of Jet pumps. 
Xtrisadcrir aad mwa Journal. V e l u m  34. 
ff*x 4 ppe407-sot* 

* Original8 net seen 





Box rar.;Ll orrg8citier w i t h  l i f t r  up ta 40 motre8, 

r apecfal type of pumping unit has boen doveloped which 

conaistsr of e d i n a t i o n  of a ctmtrifugsl, pump and 8 jet 

pump og ejector, The f i r a t  18 wuntsd  next to Me mator 

at the ground nurfaoe an8 furnisher the driving head urb 

capacrity for the Jet  pump pXaca4 i n  the well below the water 

surface er shown An Fiy.24. For uh.llo%r wells up to 8 metre8 

the jet putup can be placed on the nufaca  ob the ground or 

bdlt in- the centrifugsrl pua~g csaing, This srrmgsareat 

pxovidss guch a#tchernicsl atkaurBqe, u8 Wwre 8se no mving 

pests in the ~ 1 1 .  and the ~en.a;rifugel pup, with its motor, 

can be placed st se>iae convenient po in t .  The hyc¶rsulic 

8dvantager are r a m p  head-eapadty Ic=harsct.ri sties with 

operaan9 haad about SO per m n t  higher thsn that of tho 

errntrifugcal pump alone md a brake bores; powcrr cumre which 

is non-overloading. Ths peak efficiency of the canbins t ion  

i 8  equal to or better them that oP the jet pump but 11 

10v.r than that of crsentrifupl or m r t i c a l  turbine pumps. 

Howevex, a t  -8 operating capacity the s f f i e i s n c y  As equal. 

to or bettar thsn #st o f  the aantzifugel pump a t  thr! rams 

capacity, Xn s m a l l  a irsa,  t h i a  typa o i  pumping unia i r  

widely used for the booeeatic watar supply. 
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me basic d e i g n  of a jet cmgrs8a~#h 

built for indurtxlal applicrrUon8 A 8  prasmted in 

F i g u r e  25. 

A -avo f lu id  (wr tux ,  ateam, gas) fasums 

at a high v a l d t y  from noszle 1 into rucnion ohmbar 

2, h u e  f t makecr oontact w i t h  r ntction liqui4 canting 

through pipe 3* Due to friction (md mxehange oL 

mmmtam st the mrfr~ca of the awtkve fluid j rrt ,  the 

l a t t er  entrain# the suction liquid and raoves bo it 

m i x i n g  ehaakr 4 and thm conical Bitfuamr 5, 

The mixing chmbex le the place where an exchange of 

iwaenturrr betreen the raotive f l u i d  urd the auct isn  

liquid t e e 8  place; tho diffumr etmrsrtr the kSnatic 

i n to  the p o t e n t i a l  energy. Brm the diffuser the 

liquid flews into the ditchazge line. 



1 NOZZLE 

2 SUCTION CIiAMBER 

3 P I E  

4 MIXING CtlAMBER 

5 CONICAL DIFFUSER 

FIG25 STEAM-JET COMPRESSOR 



a. Osesves Lanbudini Dierel Engine 

Caspxersfon ratio- l e a l  
5-a - 3600 

MP--Z. S-1601 - 5 

Specific fuel conmuaption - 200 p/hp/hr 
tubricating oi l  cson~um~.tion - 13 &t 
Capacity of o i l  8Um.p - 1 l i t r e  

x 2 ~ y  weight - 3ekg 

b, T-0 centrifugal puwpset 



Pasticulsra of the item 

110 IP flSXibl8 p i p  ~ O I  
racondsry suction 

110 aa flexible pigs  for 
mecondsry dslivery 

180 Ilm ha.. cakn8etor 

120 Birr GI coupling 

Fabrication cost of nos~le, 
Bfxiny chissaber, diffuser and 
secondary foot valve including 
cost of aatr~rial8 

96.00 48.00 
pet m 

2 NOS. 24.00 48-00 
per NG. 

2 NOS. 4.00 8.00 
per No. 

1 No 36.00 36 00 
per Na;?. 



DEVELOPMENT OF EJECTOR SYSTEMS 

FOR INCREASING THE DISCHARGES 

OF CENTRIFUGAL PUMPS 

B Y  

L A X H A  A. KOSHY 

ABSTRACT OF A THESIS 

Subrn~ t t e i l  in p a r t ~ a l  fuif i l rnenr  (3' the  

requirement f o r  the dec ree  

Oepartrnent o f  I r r ~ g : r t ~ o n  and  D r a ~ n a g e  Engineering 
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%M ptmp capabildw requisment i n  agriculture 

.specially &n rAao produetion i s  ersentiully one of low 

lift md hfgh oapactty. b.clcru8rr of tha &ow lit* txmdl- 

tion8 Wo hrtl caapacity of the oaatrifugral pump cshnot be 

used. Ppr attaching m mjsomr systmu, the ccmtrifugilrl 

pump is brough* t;o work undo? tho bra: efficiency oondftlon 

during low l i f t .  el-• 

Four type. of ojoelcor q m t u r s  ware durelepsd and 

the bast one was choam, buad sa the oapacity ratio snd 

multfplication factor. Expuiraentr  wre conducted to find 

out the uieful rewe of lifts i n  which the attachment 

can be rrbvantagsous. D.8ign parmatera and officfsncy 

charae0eristies elso war0 atudfd. 

The study ravealed that the ejector E2 w i t h  p t i r a r y  

flow s tra ight  md socondamp f l o w  inclined at 40' gave 

higher bepacity t a t f o  and ~nrltipTicat&on factor than the 

other Chr- ejectors. Hence lE2 was 88l.ct.d for fu~ther  

oxperLent.. FQX a auction lift of one m e t r e  5 pa*. 8 

capacity ratio of 3.4 and ~ t i p l i c ~ ~ o n  fwtor of 2.6 for 

the 5 WP centrifugal pumpset. W i t h  a 10 HI? centzifugal 



gtrpaet L2 gave A c~paaiw raao of 3.6 .nd multipli- 

cation P s c t o x  '2.8. for I mation L i f t  of  one m a t t @ .  

E1 is 8l.o having mamy ether advantage# than the other 

threr ejector such as euinerra of febriustAon and Ilxing, 

A csntxliugal crjeetcK cabinclaion raquirw 

leu8 capital invtsatasnt Mla buying r.rrra1; pumps for 

use a t  diffetant hocldr, Muddy a d  dabriu lieriden w8-r 

cen be pumped through #8 ej.ctas sy8tQII 18 it ha# so 

laoving parts. Tipto ~f pmkpllrg can b. seduced by #a 

addition e i  m ejecttor ryatmm, Ckuu rarLng power, either 

e l e c t r i c i t y  or dienal.  Zt cam b. fabricated in a 1ocrtt;l 

kiork6nogr 9~ld tl~0nilf30ffa~0ZS 18 d.0 Very @@!lSy, 

The ertfmaCed e08t of fabrication of the a f a ~ t o r  

-st- is @,070/re 
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