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IH1.'RODtJC'!IOJlf

The 1nIpori:aDee of dftifta98 In lncreuJ.ng &9Z'1au.ltun1

producUon 18 ge~t1ng _zoe nGOgn! tJ.OD In our counUy.

A auba1:aDUal area of lend In Keral. 18 lying below

or nearly lSftl with the DCtU'by _. In order to ntake

use of this for culUftUon. ~ area should be tSraine4

by pumping. Low &NU ..,. be dnlned more econoraica11y

by pumpll'19 'than by conaUUCft:.1ng large and deep outlet.

drains. In 1rr1981:84 areaa pumping Is needed to lower

the qroundwa1:er table .-_ MY rl.e to denqerou8 level.

due to over lrrlqaUon .. by ..-.page from canals and

latanls.

The rice 11el48 of *_t:ana4 and Kol. lands are

lying below __ see lew1. The.. rice tracta are known

&. ·Punja Lanet.·, where 1:be Min aul 'tlvat..lon 8 ••.,n begins

in Sept8lber-Octlober. Pwlj. CJ:Op can be raised only at1:$%'

dewat.ering 1:be field.

1'he area of XUt:t.anad PUDje Land is S2000 hecta.r:ea

and t.hat. of Bbl. lan4s i. 7900 hectares. Q)nUnuous

pumpiog for abOu~ 20 days an4 lnumi1:ent. pumping for

about: 3 raont:ba 1s requll.'8C! tor adequat:e draineqe to

avoid tn:op loases in 'then anas. On an swrage one

..ue of wetar from these land. has to ~ pU1lf>8d out: to

make t:.hfan fi 1:. for prepuatoq cul~1vatton. Therefore a

total quantity of 59900 x 10· .3 water has to be pumped
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out: aga1nat. an awrage bead of one _t.re lnelucUftCJ10..... vii:b1n 20 day••

A~ pre..n~ ct...,a-.nngi. curled ou't wit:h 'the aid

of -Pet:U eDC! para-, which 1s a onde fom of axial

flow P\JIII). '!'be eff1 ciUG!' of • 30HP Pet.t.1 and Para

report:«! by Kerala AgriCN1-..al Univera.t. t;y drainage

re..ueh eentrn (All IncUa C>-ordina'te<! Reaearab Pl:Oject.

on AqriCNl'tuft1 Drainage)~ (1984) Is 26 per C8Dt..

Energy required to P=P 59900 alO· III' of W8ur qainst:

• to~l head of OM _tn 1. 6280112 1Oftu:'. Int:ernd.tent

pumping for 3 mon1:l1s during __ crop ..son require.

about. 1:he ... .-ount of eDezgy Deeded for ini't1al pUllp1ft9.

'l'bezvfore ~ total enerw ~1ft1l1\eftt: Is 12560224 KWhr.

A1 tbo1.l9h Pet:tJ. and Pan wu in1:.l:04ucec! 1n tbe state

1IIOl"ft~ 65 years ago, the de91ae which i8 .. cNde fom

of Uial flow p~ haa no. undergone any change in 4eaiCJD.

Earller wons on t.he per:to..... of Pe1:1:1 and Para sbowed i

'they worJcec! at an .ffle1..,. of about 26 per cent wb11e

a well d••igned axial flOW' P\InI> can aperat. at 70 per cent

efficiency (IAAI, 1979). A ec1enUflc deaJ.gn for «:he

PetU and Pare i. 1:herefon of considerable lmpor1:ant:e in

reducing ~. POWOJ:' requ11"8nleD~ for .. 9iven job aDd to

increase the output. per tmlt:. power input:.

The ex181 flow or propeller Punt> ill used eepeclally

for low head pumping. PZ'Ope11er PUfWPII operate a't high
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efficiencie. agaJ.u_ be. 1...~ 3m. Iu A8POftM

ln~ of .fflel... ap.1n.~ fluctlwlUng heada 1.

le•• predom1nan1: whea~ to oeaa:tfugel pumps.

'1'b1s charac:terisUo of open'tiag a~ nearly naax.1JINID

.fficleDCIY t:hrough a greater ranve of head i. JIOa~

vital ln dewatering_

l'his pmJeCi: wu~_wi~ tile following

specific obJecUwa.

(1) '10 make a study of ftrtous water lifUng

devices used ln Xera!R for egrlC11Wr8.l purpose..

(i 0 n> evol" a sya-.mat.1o d.s1gn for a propeller

pump which can be used tor 4ewa~r1nq and tor 11ft:

lrri.ga'tion purposes.

Ul1) 'lb fabricate the pUftl) and eft1uate lu

perfonnanee by teat.

(1v) 'l'o optimize the dell1gn of the PUIlIIP and~

for oos.rical saanufec:i:W:'lng.

1.'be advanf:a9'?J of t:he 8C1enUf.tcal1y 4aa1gDed ex.t.al

flow p~ ovu the ooftftDt.1oaal Pc!~t! anc! Para 1a that.

1:he power in~k. 1s les. aDd 'thereby reduc1no 'the waatage

of energy. Even by increaaing ~ efficiency by 10 Pe&'-
/<~ht

oe~ power to t:he ex1:eft1: of 3498952 c<-m be ..wet for
""

the state du....1nq PUnj. crop season i t.8elf. Report fftHI

t(erala. /~Jricu1i:ural t1niversit;y drainage re~h ceDt:.n

(All India Co-ordinat:ed P..a~ Project on AgriCNlture1
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Drainage) 1CIlI'Uma41 (19B4). abon t:I1d 101." ad<U.t.1oDal

CJ:Op ~ reqW.reMIl_ of _rgy 1a b.t.gb, nearlr 80 pu­

oen1: IIOre t:han that: of t:be Pwlja CI'OP _80ft. So the

total aav11'19 in enezgy Pe.I' rear 18 abou1: 9769066 KWhr,

ia.8PProxiJaately teD 11111108 1OftU:'.

Light. weight: ex1a1 flO11 P\1IIPa w1ll 981: JlDre

1lCOIPt.ance Gl*)1'1g ICeral.B~~ at. preeeat. 1n

the K\1'ttanad aDCl lQ)le 1.... they ... lUling huge Pet.U

and Para to drUIl t:.he CI'OP f1el_ and 1:0 p.. wet.er for

1r!:lgat.1on fJ:Oftl t:be neerbY "aqr 8Q\U:'Ce8. ID41Y14ua1

fanaers and ~se in 9SO..... oJ:'98DiM4 fOr dn1nage will

make l~r_$t09 tiM of Rall extal flow PUllp8 to cl1:'aJ.n

su.b!fterqed ar$ClS eh8t. c:anno~ -. 4ra1Ded by 9ftv:U:y dr:a1na.

and to irrigate low lying fi.leSe. because ligbt. weight:

P\P9S are easier to tranapen and inataU uCl it. needs

only cheeper rounda~OIl8 1n a&:1!Uon to subatanUal

saY1ngs in enermr.
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RIVIEW OP LI1'IRA1'UU

2. 1. WOrk doH 1n axial flov PUIlP8

Morelli U Al (ltS3) deaigne4 aftd denlope4 an

axial flow PUIIP. '1'be .s. nit'll•• aho1M4 t:ha~ PUIIP

could deli.... wa_r a1: the rate of 3600 lit:/m1n. aga1na1:

a heed of J.2JI vi~b • IIlUilIua effleJ.etlCY of 69 per aerrt.

wallie (1960) nponec! t:hat: he .ated an axial flow

PUIIIP aDd o'bi:ainecl • 41~ of 68 liVaec. aplut. •

bead of 3m v1t:b an efflCt1eaey of 57 per cen~ SUbMqUeftt1y

he npone4 that. axial flow PUIIIP ."lag an efficiency of

70 per cen~ ooulc1 be dealgne4.

-.el andR~ (19.)~ t.hat. _ axial

flow PUIIIP aou14 <!ell.... v.... a1: the rate of 20.000

gallons per hour at. not. en~ 15 ft. hea4. A 4ealfJD

t:o aaUdy ... above criteria ba4 c1e 1n acco&'dence

v1i:b t:he p.r:ocedure laid b.r Ad418011 (1956). '1'he _jor

41meDalons an 9'1.... 1n ~ following tIIble.

1'able 2.1.Mejor 4imeD.lons of an &1C1al flow PUIl9 (Add1-.n.1956)

-
DeaaripUOD

iPiilHc iPiil
Sbaft: bor.. power
1IIMt11er ouar 41.....
_ell.. 1... 41__r
IDlet. U91. at. bub
IlI1et. angle at. oubtr ead
IftDU" out.1et: eagle
OU1:4tr ouUet. angle

510
1.3
4.1 In.
2.05 In.
26.35­
13.1S·
51.3­
US. 3-

• A

A441110ft (1976) pzoopoae4 that. for a good ax1e1 flow

PUIIfP 1:be value of apee4 OOIUl't:aft (Jru). wbiah Is defined

.. the raUo of ouUet. peripheral _lod", to t:he Ina
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jet: ftloc1t:y, ahould be in be1:ween 2 and 2. 7. He

con4\lo1:ed a aerie. of Uiala using 1:h1a range of speed

OOIUl1:aDU. '1'he l'eaulU re..,.aled tma1: when ~-2 t.be

efficienay wu 56 per cent: at: a dJ,scharge of 86 lit/sec.

at: a bead of 2.&n. ~n be got: an efficiency of 57.2

per ceat: for a 41echu'ge of 84 l1t/'-.c. againat: a head

of 2. Ita wittl a apeed conat.am: 2.7.

vaaandani (1977) a1:UcUe4 t.be flow pat:t:em baaed on

~ a88UI8PUon 1Wlt: (i) flow p~ter. change only along

a au.. line (ii) then is no 't'U'iaUon in t.he.. para-

..etera radially frona one au.- surface to aDOt.her (iii)

t:be flow i8 fria1:ionl.sa and (i.) flow taJc•• place along

t:he passage in a direcUon parallel to t:hat: of blades.

During the year 1979 be report:ed t:hat: 66 per cent:

efficiency at: a 41acharoe of 98 lit/'aeo. again8t: a bead

of 3m w.s possible wittl a perfecUy fabricated axial

flow pump.

Work done at. IRRI

'11Ie IRRI (1979) designed and deftloped • portable,

lov oost:, low head. high capaait:y axial flow irrigaUoD

P\ml». The por1:able axial flow pump oouist:ed of an

axial flow impeller, which vaa MCNre4 to a P...... shaft:

and locai:ed inside a 150- cSi_ter atael diacharqe t:ube.

It:p~ vater a1: t:he r&1:88 of 1500 to 3000 lives per

mima_ at: heada of 1 to 4 _tre., when driwn by a 5 tIP

0a801ine or die..l engine. The PUIIIIP inlet: hac! • 30· _t.
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a10Dg ti1e tube axia to pl"OY14e • large &IUC1:10D opel'dD9

for low entrance 10..... A wire .all inlet. .t.ra1ner va.

uae4 1::0 pzot.ea1: ~ p~ fZOll t.he enUy of !onion

_.rials. 1'he maiD beu'lnv holder GOnqiD8d cUffua10D

vanes whieb atn19btena t.he flow f%'Oll ~ iRlpe11er for

l ...~ eff1c1ency.The de.i9ft 1s .imple 80 that. it.

can be fabricated by -.11 .bop. wit.h at.aDdard forndD9

tools. !be PUIIP can be carried by t.w _D. IMI designed

a jig to aid l88Il\Ifaet:1lnrsln fabricaUng ~ blad.s to

apecifioaUon. 'they got. a ...1.. .fflo18llGJ' of 69.1 per

cem: at a capaclQ of 2690 lpm againat. a head of 2.511 at.

2890 J:pIIl.

Department. of AgftCNl t:ural BDq1n..J:'1D9, Q)llege of

reobnology, pantnaqar (1982) deaigned and fabricated a

propeller PWIP DallIed as PantDagar PI:opeller pump.rhe

pump has a aapac:lty of 45 t:o 65 lit/sec. at. 1.0 to 2.ara.

of head requiring a 5 HP 1440 rpm motor a. a dri_ unit..

-rbe efficiency of t.he pump at. t.h1. range ftrled fJ:Ola 65

to 50 per cent'..

They 4eaigned and fabricated aaot'.her PUIIP for higher

41aohal'ge. '1'he pnpeller bas 3 ftDeS and i. 30.. in

4J....ter. 1.'he sbaft. is ..de of 2.5aaa di_ter G.I. pipe

iuertecl aDd welded wi ttl solid M. s. abaft. on bot'.h ends.

P\IIp vas tested at. a head of 1.8m to 2.8m at. 1440 rpaa.

1'be discharge '9Uied f:om 106 to 130 11t/sec and the PURl>

eff1cr18ftCIY YUied from 27 per cent to 29 per cen1:e

The .fficiency of • 30 HP Pet.t.1 and Para reported br
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ICerala Agricul t.ura.l Un!versity Drainage Research Centre

(All India Co-ordina1:ed Research Project on Agricultural

Drainage) Karumadi (1984) is 26 per cent. It worked at

26 per cent efficiency against a sta1:!c head of O.9m at

a discharge of 526 li~sec.

WOrk by Ma1i1:hara Industries

Some work in Petti and Para was attempted by

MIs Ma1i1:hara Industries of Karela and they are manufact­

uring improved version. A practical 1:8st has revealed

that a Petti and Para fi tt:ed wi1:h 20 HP motor can pump

at the rate of 2 lakh gallons of water per hour (250 lit:/

sec.). It was working against a head of 1M of water.

2. 2. Basic 1'heory

2. 2. 1. '{eloci t1 Triangle!!

The velocity of a fluid alement is represented by •

vector.1'he length of 1:he veet:or gives the magnitude of

the y'elocity and the direction of the vector is tangential

to the streamline. The fluie! ftloc:ity in a stationary

condui t:. 1s measured wi t:h reference to an earthbound co-

ordinate system. 'l'herefore it is called absolute ..,.locity

•and denoted by C. The prime signifies an actual flow

Yelocity. Idealized velocity vectors are calcula1:ed by

assuming perfect guidance of the flow by vanes or walls,

are given no prime. Failure to dis1:!nguish clearly between

actual and idealized velooities results an erroneous

application of basic impeller 1:beory aDd consequently a

faulty design.
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1'be fluid ".1001qr in an irapeller blade can be

•nleta... ftloc11:y W. '!'he oo-ordinat:e sr.-=- rotetes

with tdIe ~.ller angular "'1001i:y~· '!'he ideal1M4

re1.U.....1001~ W can be oalou1at:e4 by 41'ri41ng ~

flow per ftM channel by 1:hlI 01:0•• MCUonal ana of

~t. cbanDe1.

The abao1ut:e ,.loc1t.y ean be considered a. the

reaultant. of t.he re1aUve ve10eiq- and t.he 100al 1lIpe11er

per1pbet:'ll1 speed. Veloci t.y t.r1angle. p1"Oyi4. __

iDIo~Uon on t.he 4e.ign under aonaic!ent.1on end should

be cJntm for trl8ry celou1ated point.. 1'be vect.ora of i:he

absolute ftloc1t.y and t.1le releUft ".1001t.y end at. t:be

.... comer of the triangle. 1'be penpneral ..lOCi t.y

wctor U st:art.e at. the iD1Ual point. of 1:he absolute

geloa1t.y C and ea4a at. the st:artJ.nc;r point. of t.he relaU...

ftloci1:y w.

'ltMt -.ridional ..looi t.y em is the aomponent. in 'the

taeridional plane of ~ absolute .. well a. t.he nlaU...

Yeloci t.y. It. is alway. at. right. angle vi~ u. !'or

.uie:tly radial flow. ~ _ridional ".looi~ i. alllO the

ft41a1 C!OIIIpOnet'lt. of t.he 8b801ute and re1a"... 'V81oclt.y.

Similarly, for st.r:1ci:ly axial flow, it. 1s t.he axial

OOftt)Onent..

.1be peripheral CIIOIIPOftenu of t:he abaolute 'V'e1oc1t:r. ., .
C aDd i:he relad.". 'ftlooit.y w an denoted by Cu and "u •
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rtl8PectJ:..ly. 1be pn- i8 0181~te4 1f ic!eal1ze4 ftloc1U••

•are uaed. The ugle bet.ween Cbe a'bJIoluaa velocity C and
I •

peripbeftl c.UncUon i. oC.. '1'be n1aU.....loc.1t.y VI

/
foJ:'IU viim ..... peripheral dlnc1:1on. ~ angle f3. I~

1. app.r:oxinlately equal to ~ ".. engle #. 'l'he 1deall:aect

relet.!... ve100iq. W form. vith the perlpheral dlrecUon

t:he ftDe angle f3. Figures land 2 are the ..loclt:y

c.U~ of centrifugal pump aDc:l axial flow pump respecb­

ively.

1" main cUfferenee between 1:be wctor diaqrasu of

centrifugal pump and tha~ of axial flow pump are (1) 1'be

peripheral ftloc1 t¥ at inlet and out:1.~ an equal in

axial flow pump, but: In cenUifugal p~ both an 41ff.rent

(11) 1.be ....idional ".loclt:.1e. at: inlet and outlet: are

equal in axial. flow p~ w1'lereu in the ca.. of oent:rifugal

puntp both are cUfferent. Pigu.n 2 abov. the vector

diagrau for a eypiaal extal flow pump.

2. 2. 2. 8112 bCt'Qr.

OfteD idealized .,.locit.y tr1aDCJ1.. are drawn by

••.-1119 perfect: gui4ance of the flow by t:he vanes. ·rbe

... U91e i8 subeUt:utec5 for ~ flow angle f6 /• 1'be

pgle betwe8D 1:he idealized aDeolua. ftloaity C aDd t:he

peripheral direction i. denoted by c{. l'be merldional

Yeloaity C. i8 uaually a.aunaed tD E'aNlin 1:he .... ~

relaU.. ftlocit.y w and 1:be abaolute 'Velocity C are not:

aotua1 wloC1U••, but: 1dley are uUllaed in 1:he 4e.ip
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of 1IIpe1len a1DCe __ Me aw:Ib ...1U" to calCNlau.

SO __ n8Uli:a ...t. be oornctecJ aocol'diD9ly.

DeY1at.1oD of t.he fluid fJ:Oll the vane 41recUoD i.

111POrtaDt. at. the 1..ell.x- cU.scharge einoe t 1: re4ucea

tale peripheral coaaponeftt. of t.he ebeolute impell_

41scharge wloe1t.y. l'bla 011.... a pzroport1onau

re4uc:rt1on 1n bead as wella. power input:.. Qlnerally. ~
/

flow aD9le {2;:z ie _alle.r t:bua i:be ... angle 4. Thi8

pherJiolleDOft t8 oft:en called slip. 1'be elip i8 rep......te4

by the nUo be... 1:ha atRUal and t.MonUca1 taagenUal

compoDeDU of abeolute wloc!.,. at. outlet. (C112/ Cu3). 'l'he

slip 1e the OU~ of nonurdtom velOC1'ty 41aUibutUoD

aCX'O•• 1:btt 1JIpeller chaDnel, bouDde.zy layer aCCMaU1aUoft

and flow aepenUOD due to c1J:'CN1aUon. Figure 3 w1l1

meal tmta PheDomeDOD. PraoUeally it: ie wry 41ffiCMlt.

tlO preti~ t.he elip.l'b1e cauea a lot. of difficul'ty 1ft

t:be pJ.!Opu 4••1gn of en impeller.

'fbe follow1nq forB1la for slip factor bad beeD

proposed by Stodola (1945) •

.IJ • 1 - IfSin f' 2
z

'When jJ-1s 1dMt slip factor,

p2 1. t:he ouUet. ... angl.,

Z 1. t:be IlUmber of blade••

2. 2. 3. BIM! "low !<J!Itt&0g&

'1'he ~1:al ZUlu· e eqwa1:10ft fo.. ~ operaUOD of
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centdfugal P\IIIP. (r.dial, nWce4 and axial flow) 1.

obtained 11:'018 t.he principle of torque and angular

...n--. As applied to flui4 pJ:Ol»l-. ~be equ.aUOD i.

t
Ll'l'. i <c..a~ - CulAt)LlQ ••••••••••• (1)

vben ~ end Cuz an tugent:.1al OOIIPODeD~. of abeolute

ftlociti•••~ inle1: aDd ouUn napeeU..ly.

If t.he cUaeharge is 1Iaag1ned to be dtY14ed into

emall .1....uLlQ. i:he ~t.1.. Cu2Ra and '\.11\ for ...

e1-.nu ..y ftJ:7 botm ra41ally eD4 wi.... position be...

__ blade••• a aon.taD~ racUua. Rquat:.1on (1) 18 ofte

••1:e4 to be ftJ.14 only for an infinit:e l'I\Bber of blade.,
but. tme 91_ is Dl)~ oorreG't. (0 ltri_ • .1&.. 1936). It.

baa t.ba _ ft1141ty as Hewt:oD'. equ.at.10D. of !IOUoa aD4

i:be "8Oa fer aaanift9 8ft 1nf1D1t:e l'I\Bber of bladea 1.

t.hat. t:he ftlOO1t.y OOIIlPODen1: <=u aeD t:beD be apec111ecL

Ift'tegftUng equat.1on (1).

T • i a <CJ2 - <:w.~).,
Mll1t.1plylng by angular ve1oc1t.y, yields the enugy U"aDafu,

E • fg (<..9~Cu2 - ~Rs.~)
9

£ • YQ (U2Cu2 -U1Cu1)
9

1he head developed H4 • Knergy!uD1 t. DIU­

1'benfore Hd • 1 (U2Cu.2 - u1'\a1) •••••• (2)
9

'flU. bead 18 Jmown a. Euler' 8 beet'J He

The equat.ton 1. 1cDOWn •• It.t1u'. equ.aUon 1n wblob the
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bydnu1ic 10s_ an IIG~ oonsi4end. If 1:he liquid

__n ~ 1IIpe11er vi~t: • to,angenUal COIIPOfteDt:. or

if Cut • 0 (racUally foJ:' ra4181 pumps an4 axially for

axial P\1IIPs) Euler's equaUon J*luees to

Hd • U2Cu2 ••••••• (3)
9

'roaa 1:be wloc1t.y t:l"langl••
2 2 2

W2 • C2 + '(12 - 2U2C2 eoe p( 2

Wl
2

• 01
2 + Ul

2 • 2U1C1 Cos r/.. 1

Makino use of theM. EUler'.. eqwsUon beoorae.
2 2 2 2. 2 2

Hd • 02 - C1 + U2 • ut .. L"l1 - "2 •••••• (4)

d 20' 20 20

'l'be flr.~ bam repnaenu a gain of kineUc ener:gy of the

flow eh1'ough 1;be impeller.

The II800Dci and ~rd i:eJ:IU JOiDUy represent: an

lncrea.. in pressure fJ:'OlD ~ ~l.r inlet: to t:he

out1.~ stepanoff (1967) ad'vocatlld i;hat. it is naeaninql•••

to at:tacb any physical explanation to ~ second an4

t:b1J:'d _rnas of equaUoll (4) lnc!i'9idually. Thus t.he

aeaond t:em 40ea not: represent. eDUrely galn ill pre.sun

of ~ flow 4ue to ceIlU'1fu9al fo&"08 because then are no

pUUc1•• of 1:be fluld ~IICJ vit:b 'the pedpheral

ftloc1U•• U1 and 02. S1Ja1larly. t:be 1:blr4 Qaaa doe. not:

repreaent: an increa.. ln pre.... 411. to conversioll of

'the re1aUft wlocit:y fzom v1 to v,. becaUM it: is

0baerw4 ~t. DO cJ1ftus1oll can __ place 1n a ournd

abanDel. ..Uonuy or mYing. III t.he ca.. of ala! flow



2
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1nlpe11en~ 18 no 4efinl1:e chanlle1 con~n1ng

wloclu •• "1 and w2•

2. 3. Vortex 1.'heoxy of Bul..•• JtIa4

2. 3. 1. p,a4lJl,&lRel1Mt

Plow thJ:ough t:be 1aIpe11v .. be con.idered .s

GOnsl81:1ng of two coasponente, .....ly, c1J:OU1ar lIDtJ.on

uouncl t:.he axle •• a nault. Of the l!1pelling 801:10ft of

the .... and thI'ouqb-flov 01' aeritione1 flow aauae4 by

the ene.t:'W gncUent: dnp. The e1nu1ar oomponen1: of

flow fo... • vortex motion. 1,.~ of vo~ depends

OD tile ftloc1Q' and pnsaun cI18V11:NUoD and can be

established front a aCUdy of &ul.u t • equetJ.on. Cone1der1ng

• at:n1gb't radial impeller In wbiab ~ flow app.l'Oachea

the 1JIpeller without Pr.l-J:Ot:at:io~ eulert 11 equation can

be writ:1:eft a.
Hd

Only t.aDgeDUa1 ".locitJ... eppear 1ft 1:h18 equaUoD,

ind1c:aUnq that. all heed i. pJ:OC!baoec! by _Rex act.iOD 1n

plane. noZ1la1 t:o tbe axl. of ~_t.1o... In general, thi8

1. U'\ae. for all centrifugal P..a, 1ncluding 8"at.gIlt:

axial flow p~. (S1:epanoff, 1967).

When f:he flow 18 ZUO (WU2 - 0), Euler' e head beoa••s

U 2 2U 2
2 2

Md - .. • ,g-
aDd 'be total bead at: aD1' n41u ~ 1s eqwal to

'T 2
H _ ~ ••••••••• (6)
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vbece Vi. ~ peripbanl '981001_ a• .n4lu~. 1hi.

bead Ie eq\tall,. dJ."I'ldec1 bet:lMeft ._~10 ...s ldDItUo

beacla. SUOh ..... 418Ui.bu:t1oD along ...... n41ua 1.

t;yploal for a toned wrt:ea aD4 1. npnS4lftt*l 1:Jr a

aqun panbola OA (;Flg.4). WhteD flow 8tu'U. ~ hMtl

4Iopa .., .. .-un. U2"ur. ¥ben "112 Is p.-oponional

to tbe flow. rbi. head 18 1me gn41enc tkop

neoe.-.:y tIC p~ flow, beoau an idealized

~ oennoc flow .gat._ . bM4 b1gber i:hIIft or

eq\tal to lU flow beacl. Ic 18 alao e9iclem: thec

• f\u:'t:bu c!I'op of energy 9ft41-- Is _...,. to

1,....... __ flow orp~ • hi'" ~t.y. 'rtlu the

toUl baed 4J:opa fJ:Oftl AE to CR. 'rtae ftlu. of u2"do
~a wltb 4eoreeaift9 n411 ant! tlhe bead VU'laUoft

aloDg ~ n41ua 18 ftPftMI-'*' _ • panbol10 ow:w oc.
A8IhIaing Wll2 to be oonnarrt along .... n41ue, th8 efttIZW

gn41eM dz'op U2".r9 vUl ...,. .. u2' or ..,111 increue

ctlnct:1y as t.he 41e.DOe u-aw11ed by t.he flow (0' C on

FlO.4). 1'tda 18 aft&10g0ua to __ bFdftulie gncu.._

ckop 1n • plP4t flow of aou-.a. wloaitw. llowe , in

~8 ... 'the 4J:op in b)'dntallo gndlea. repn ..

bydnul,10 10.. alOftO .be pipe. vhenas 11l a oenVifuga1

PUIlIP 1IIIpeller the dmp 1ft --1"V 9radl_~ 1& • condlUon

which 1. neoeuur to nali.. flow wbioh reaw.u In an

eq\tal .J:edQOUoD of the ~11.. 1D£N-' A& __ oapaolt.y

inoreue.. ~ ....... gn41..- 4rop laona... an4 Bul..'.
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bM4 4ecna..s GOfteIIPODeUftCJlr.

2. 3. 2. &5111 At!!.JstI:At£e
In aD ax1al flow puIIIIp, ime liquid partJ.cl•• l ..w

t:he 1q)eller at: the _ racUus 81: wh1ah~ ent:8r.

Applyiraq Euler'. equaUOD to • poin't on 1:he iq>eller

periphery an4 not.1ng that: U2 - U1 ' we get:

o 2. 0 2+ w 2. w 2
112 _ u1 u1 Yi_ •••••••• (7)

Hd - 29 2q

Again assuming 1:ha't 'the liquid approaches 1:1\. 1mpe1.ler

vlimout: pre-rotaUon (Cut - 0 and .u1
- U1) 'the abow

equ.Uon reduces to
222
~+5IL.~

Hd - 2, ~~

SUbat.1tut:.1ng 01.\2 - U2 • wd
2

U2 - U2-u2 ••••••••• (8)"4- 9 "
1'h18 ls exactlr the _ equa1:10ft for radle1 flow putt;) and

indioat:ea that: 1:he PJ:OCe.. of generating bead is 'the ....

in ax.tel flow pumps •• 11: i. in racUal flow P\IJ1Ps. In bot:h

a...., he.d is generated through 'the w.n.c IIlIOUon and the

flow throU9h t.ha inpeller ia 08\1.... by t.he energy gradient:

dJ:op u2vu2"g. The bead cUat:r1buUoD along 'the racUu. i.
t

shown on flg.5, where cunre AA ahov. 1:be bead .t: different:

rac!1i wit:b ••%'0 flow. 1'h1a is • equ.... parabola. 0Irw

•CC show. 'the bead variaUon for one rate of flow (wu2).

AC is t:be energy gradient: drop 81: 'the pedphu:r. ordl.__
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dmp for d1ff• .nn~ n411. Pol' a nomal design both "u2

and U2 ftry direc1:ly •• t:be radiua. n'le.nafo.... i=he enugy

9ra4ien~ dr:op U2Wu2"V...a.•• d1recU,. a. i:he llqUan of ~_

ra41u8 (curw O·C). aDe! "- C\Ll"\'e OC 1•• square parabola.

1'h1s 1. • charact8ri.t:1c f.t:un of a for0e4 wrtex wheft

.11 put.1cle. ".1:8 vi. t:he ... anfJ\llar ...loc1~.

Although the hea4 41.U1bution along the radii 1s

similar for ra41al and 8X.181 flow pwaps there 1s an

important: difference bet;veen the fiDal heecS proeJuced by

~ 1:Wo. In. radial ~1U' all puticlea reacb the

aame II8X1nua head at: t:be pertpbeq of 'the illP811er,

vbereea in an axial flow PUlIP. liquid parUclea enter and

1..". a1: ~ ... racUi and the head pl'04uced a~ 41fferen~

radii are differene, being a~ at. the periphery and

• min.lmum at. t:he bub. 'l'ba pump total head i8 an integrated

awrage_ I'be 11lt:egra~ bMcl of 1:he 1Dpellez: 1n Fig_ (5) is

equal to 1:be nerage of 'the hMcl at: 1:he hub (I\) and the

head at. the perlpbe.ry (~). 'flU. follow8 fJ:Oftl the qeomeUic

propertiea of square parabolold.

Hh + "b ••••••••••••• (9)
2

2. 4. Flow Chrough~c Machine

2. 4. 1. flow e.t.~t

Flow t:hrough a hy~c _hiae ia generally

coaapltcai:ed in DaWn. Plow~ a hYdrodYl*do Ift&Ch1ne

la U8UIII8C! to be axl• .".etr.ic in cbU'acter le. flow velocity
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u4 0 .... puw.t.en Ian aonat:an. aloftCJ any oil'C1. a1:

ra4iua 'r' ... tUGbi_ axi.. nus ob¥1oualy i. 1lO~

U'Ue at. poiDt.a where bl.... of uchi_ cut. ,CM~

aurfa. aDd _he puU.CN1_ el.ft:1. of .'tn8a 1Nrf_

unci.. oone1cleh't1ora. 1'tIIJa, ext..._tz1e f1o\f nell,. can

0GeU' oraly io • ..-1_ apace of rewluUOD. 1I::RrIcrNJ:.

vi~1: 1:bi. ueumpUoo, ., flow analysis i. reelly

po.chl. (Vaearadaft1. 1917).

1'he ••tNIIlPUoo of at..,..Uic flow 8180 reduOU

ithe three c!1JIeD.lonal pnbl_ effeot.1'Nly lntlo Wo

dimenaional pmbl-. Pu'amet:ere 4eaoribing flow in 8UCIb

• ease 't'aI:Y (1) v"-a we MOW fram one concentric 01ro1.

to 8DOt:heI' on 'the ... nre. aurfaoe or (il) "bell we a.)_

fJ:'Oll one .~ surface to another.

In e.ddl t:lon t:o 'the abo-.. U8UllPUoos. ,. fw:"ther

a81Nllle ~1: (i) flow p......... chaftge only along a et:re8D

11ne (11) theft i. no Wl'iaUoft 1n 1:.be_ p....1:en radially

fJ:O!l one~ I!Nrfaae to anot:her (ill) t:be flow 1.

frictionless and (1.) flow t:elcee place along .... p••eage

1n c!irecUoft parallel to that. of b1ad... ie. ~ flow i •

••8Ul1Ied to be 0_ tU.menstolMll fdatJ.orale.. !lov. SUOb a

flow will be lr:r:ot:aUonal 1n cbaftc1:er. 'ltd•••8UJIPtJ.oa

iD'flOl.... in an:iYing .t. EtJ1eZ" 8 ••ic equation.

S1JIpllficeUon of the flow to one d1IIeD81oDal frift1on­

1... flow. puallel to ~ p.~ of blad... no_ only ....... it.

pos.ible to uae Buler'8....Uon '0. van.at_ion of toJ:q,U
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or apec1f1c .eZVf' conw.nion bui: aleo ii: Mlc•• ii:

•••ier to calculate ~ wlue of 41echaJ:'ge pas.ing

tnrouqh t:be.l:'\lftftU'. l'bu. for radial flow runner. flow

eros. aect.1oD nonaal to meridional st:..nMID line. i. i:he

pZ'04~ of c1J:aW1....... and axial w14t:h. 111ua we he...

Q • 2 i1"rae. •"0ae.
where. a i. i:be Axial widtm,

C. is \ne _ridional .,.loc1~.

The above equation does noi: t:ake in'to acc:ouni: the

bloclcage effect. due to blade t:b1cltn.... If ~a i. t:ak.n

into acooun~ Q nc1uau to

o sa (21\r - ~) sc;.••••••••••••• (10)

where Z - n\lllber of blades.

a - blade t.hielen.a....su.r:e4 along cirewafennce.

S1nL1larly for an axial flow nuacb1rw. neglecUng the

effect of blade thickneaa

a • 7\ (Do
2

• D1
2

) Cm
-r

Where Do i. Che ouuide Up di-.t:er

OJ, i. the hub 41__.1'.

1'h18 lI8Y alao be written ..

f\ 2 (2) (- Do 1 - D1 C•••••••••••• 11)
.. D:'r

EquaUon (10) alao pre...°tmai: flow through t:be

J:'WID4tr is ateacJy.rtda 1. noi: strictly true because ..

...uy poini: 1n apace within the runner is cui: by i:he blades

during the J:'UJmer .cobt1on and thus causing c:bange 1n ftlue
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of panmeten at ~'poln'- fb.....r, since ime flow i.

preSUllled to be ad••y_t.rto anct beftC8 it may •• well be

presumed a••t:eedy.

'1'be effect of frlet:J.on Oft flow 1a t:vo fo14 (1) It

cause. hydraulic loa.es aDd t.bua re4ucea t.he lIpecUfic

energy comNtralon inside the l\lftfter.1'h1a ia teken care

of by ~ ~l'la -hydraulic efficiency_" (1i) effect of

friction, and that ia ftloo1q- profile aero.. tbe flow

pa••age along axial or ciZ'ORferenUal 4irectiona can

not. be unLfom as asaumect in 0_ 41menaional flow.

2••• 2. lm!!l~V app!ftC!b W premYlloR.
1'he flow towards t:be u.eller and beyond t.he 1ftIpeller

is cauae4 by the 4J:op of t.he energy gradient. below ita

1....-1 a' zero flow. 1'he 4I:op in energy gradient peN1ta

liquid to proceed t.hrouQb __ !IIp.l1er against. a gra4ua1ly

inc.ree.1ftg bead. Following ~ energy gradient. the liquid

.8leau • path of l.a.t. reai.unee to vet. 11'1 to aDC! t:.brough

~ ltwpeller and out. of t.he PUIIP. rtae liquid aaquire.

prezotat1on to enter the ~ll.r pa.sage with. miniJmIRI

di.~ and the direc:1:1oD depends on t.ne 1Japeller ftDe

entranoe angle j!; 1 • t.ba OIipao1t¥ going t:!u'ouqh anet ~

1rIpeller peripheral ..loci t.y. All the.. t.hree facton

deau:m1ne the enuance ,.loci'¥ U'tangl. (S1:epe.nOff. 1967).

It 1s ..,l4ent that: I'8sisqnce to flow i8 a .ini..

if the liqu1c! enters t.be impeller at. an anqle epproaeh1~

the vane angle fl' Por. g1...n impeller apeect. there 1s
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only one oepult;y at. vb10b t.he liquid will approach the

1IIp.11er DMtrlcUonal1y, or v1t.hout: pnrota1:1on_ At: a

c:apac1ty oonal4enb1y -.11.1' ~n DO~ t:he liquid

should acquire preroaUon in the 41ncUon of iftlP.11er

rotatJ.on. to enter at an aD9!. approaobing 131- But a

c:rapaait:y greeter than nonaal a pnrout.ion in t:he

opposi'ttl dlrecUon is ...asuy for .... liquid to sat.isfy

1:he .. 1.a.t reslat:.anc::e .. .nqui~ftt. Figure6 shows the

.ftU'anCe ...1001_ viang)... for ~ abo". thr.e oondit.ions.

2. S_ Effic1~l ••

2. S. 1. ~Wl10 ,ffigAlpgz.

All t.he head ln a pump i. generated by ~ imp.ller.

The re.t of 'the par1:a conU'1but:.e nothing 1:.0 the head but

incur 10•••• - hydraulic, meohardctal and leakage. All

10.... of head wb1cb talc. plac. bebfetm the pointa where

~ .cUOD aad discharge pn.8Un are ..asured consUt:ut:e

bydraulic 10..... Hydraulic .fficl.ftC!' 1. defined as t:he

RUO of the aft11abl. total dyD8aic bead. t:o t:he input

heaa. or

e b • 1!.. • Hi • hydraulic 10....
Hi ' 'Hi '

1be RUO of input bead 1:.0 Euler-. heed vll1 be

referred to a. van••ffici.ncy, or

2. 5. 2. Y21J!1tr11 .ff1q!.nqr.

se.ld•• 10.... of heed .men are 10.... of capac!ty
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In eaob PUftIP JcnowD .. 1eaJcage 10..... "ft'ae.. t:alce pl_

dt.I'ougb ~ oleanncea be..... the I'Otatino and staUOD&&T

parte of t:he PUI'IP. 1'he 4l8OblU"ge at. t:.be ex!t. of the PUIIIIP

1s smallar~ t.bat: paaMd tbmugb t.be Impeller by the

l'taua t:he vol~V1c efflciency Is... ~~Q..... Q
01 Q + a.,

"I'" Or.. 1. ~~ of 1...ge.

2. 5. 3. !tL"llIA&1l1 dLWtRIt. •
MeObaft1O&1 10__ lraolude 10.. of power In bearing_

and _.ffing boxes and ebe 41. fdoUon. rhe 41aJc

fl"1GUOD ls !lJ'dnUllc ln ...... bqt. 1.~ W'ldv

..cban1oa1 lOtI•• alnae It. Is exte.1:'Da1 to t:be flow~

t.he P'MIP and ... DOt. nwlt. In a 10.. of head. The

-.oban1ca1 effla1ency 1... nUo of t.be poN8r aotoua1.1y

ab801be4 by die impellu aD&!~ IntlO head to t:he

power applie4 tr.o t.be PUIIIlP .haft.

e • IDH hQIJ'IB! ho~oM .J&oHU... . nepouel"

.. .
when '=be ftlu of X dtIpeacb on tohe un!t.a. IF INb­

.1:1t.\a1:189 for 0 It.a YalWi 0 • Yl' for H La ftlWt

Ii • -hltl ana for I( 1.1:8 ft1\l8 K .fol "1/... ~ relationshlp

between t.he puUa1 .ffiel.nat•• end Oftrall efflc1eDC1J'

can be obUinecS a. follow.

a • Y,Q!I -
o JC
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e •o

e.~ (12)

2. 6. De.101l PI'OOeC!Un

The cte.lga of a PUIIIp 1rape11U' iawlft. .me followinq

2. 6. 1. ~on of 12-...

'1'b meR 91...n head capaolt:y cond1Uon8 t.he z:otaU.,.

speed i. se1eet:ed fint.. 1'h1s ••tablishe. t.he epec1f1c

~ or~ of t.be inlpelle.r:. Selec-.t.on of t.he speed

i. gowrned by a nunaber of consideration••

J.• Type of drift%' aYa11able for the unit.

11. Hiqher 8pfIOific speed n8Ult.a in a smalle.r: P\IIJI)

aDd ctbeaper dr1".

lii. Opt.!_ hyc!nu1ie (and tlOtal) efficiency posslble

vii:m each Q'pe ftrle. v1~ 1:he specific 8Pe84.

lv. !f ~e tot.al head required oenaot. be pro4uced in

one _.ge, it. is cUV14ec! lnto bIo or IliOn stages.

1'be head per stage el80 afteoU 1:he final apecifie

speed and hence 'the apeoted efficiency of the puanp.

Karing ••t:abllshed t.he apec1flc apeed of ~ pmposed

1JQpellen, t:he designer loo.s for suitable confl9Uftt.1on

from exisUng 1Ip!11ers of t.he __ apeclflc speed whiah

haft AU.factory hydraulic peZ'fomanae, le. au11:able

slope of 1:he head capacity CNr98 pel accept:able .ffioJ.enar.

_sidee t.he nqutnd ~ec1fic speed t.he mo4e1 should be
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of ~. _ ola•• of pUlllp and be of 8U1Uble mechanical

1:.ype. Por instance an imp.ller of • JDU1U.taoe p\ItIP

would not; be • suitable ~l for .ingl....tag. OftJ:'bw'.lg

OOD8t:NcUon wit:.h an end inl.~ 1'he reduc1:1oD faomr

or lINl1:1pli.r to be added to 'the ex1sUnq model i8 found

by the WI. of effln1 i:y fol'llUla.. Design of an impeller

for vh1ch no ex1aUng t.ype is aft1lable is made fZ'Olft

baaJ.c cleatgn oonatanu.

2. 6. 2. ~g I.aml: PI' Mul tiSl!.G.

If an 1rIpel1er which 18 ..ieci:ed tor a 83dei i8

rat.ed 01 ip. a~ "1 m head 81: nl rpm and 1t:s impeller

cU.-t:er 18 D1 and the new impeller 1s required to p.r:oduoe

02 lp8 ~ • beed at. D2 rpm wlt:b an lrapeller diameter D2

the apeo1flc speed of both .hould be 1:he ....,

n 0 ~ Hk • n QIt rL.J;c1 1 ""1. 2 2 -"'2

In addiUon" t.he following relat.1onsh1p bet.ween na4el

and p.r:ototype wii:b regard t:o capaciU.. and beads can be

e.'tabllahed.

02 • Qlf3In~~)

"2 • tr,.,2 (n2"~)2

~n , • D~l i8 tot. nduet:.10D faa1:or or nul t:1plier.

FI'OIft equaUona abOve formula for reducUon factor f i.

obuinedl

f •
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bpn••1oft (Q/.[H) 18 nferred to .s ..un.t~ epeed.

meaning nrtOlutiona per IR1mat:e. Deeded to produce wu..
head by • 91"Nft impeller. It". i. also pOsaible tiD apnsa

the factor f 1n t:8ms of capMiU.. ana speedt

OlD 1s referrecl to as unitr capaait;y and represenu

11i:res per eecond per rewlut.1oft for a 9i"n 1lIIpeller.

2. 6. 3. !n I!!R!J:.l~r_D!agp.a.

1'0 cleaton a new impelI .. for which DO model is

.".ilable de.lgners us. -design factors·' .atablished

aperimefttally from 8uacesafu1 deaigas that 0'1_ dina.

relat.1oDah1p between the i.-Iler tot:al he~ and oapaci_
•

a~ 'the deslgn point and a....-al .1..nu of Eul...••

"1001 t.y t:r1anql... 1'heae ue 41raenaionl... 'Nlocit.y

ratios independent: of the 1JIpe1ler size and speed which

are correla1:ed on the basis of apecific epeed for

different'. 1rDpe11er cUacharoe angle.. In add!tion a

number of raUos of lmpo~~ linear 4f..meD81ons, DOt'.

41reaUy related to velocJ..t1... are found helpful 1n

perf8C't1ng hydraulic design ot u.pellera. l'h.e ratios

are .nUrell' experiment:al. 'l'he degree of perfection

of a design ls measured by ime value of the punp hydraulic

efficiency.

The ~ler profile and wne layout. is possible If

1:.lw following e1tnen'ts are Jcnown.
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1. Mer.lcU.oDlll 'ftt1oe.lU•• at: inlet: aDd outlet:

11. Intpeller ouai" eli....

lii. Illpel1e....... inlet: aDd ouUet: atl91•••

1bI..... quantJ.Ue. 4_.lIII1ne both Euler's eni:nDCe

anct cU.sehu'ge tl'iugla.. 1'0" .tn1ght. radial ..... all

panicl•• of fluid eni:ar ard 1...,. ~ ilIpalle.. at: t.he

_ cU_ur, and ~ .... i. "plaiD" or of .iDCJ1e

cw:vatun. '1'tlWJ only one _tnnoe ancJ one cU8GhaJ:'ge

triangle det.emine ~ ....ller 488190. For Iliad flow

ancJ axial flow impeller. wloc1t.y t:riaD9le. are 4nw for

a8"Nl"al au..li... ~ a..walin.. will be WlUa!ly

suffiete. for a...n.fJe tal..s flowaad axial flow 1IIpellu••

VU'iaUoD of __ 81'l91•• along the radius determines the

2. 6. 4. 1'tw VIM Pi..... MMIa.
1tai. angle 1. the JlC)st: 1IIlportaDt: d••ign .1-.n~ It.

has been .hown that. the t.heoJ:'et1cal chancurlsUcsan

4et.uld.D8d by t:he vane angl8 alo.... In prac1:1ce, 132 1.

aUll ~ dea141ao factor in de.ign. All ~ eSeaiOft

oonat.anu depeD4 on 1:he YalU8 of (32. Thenfon a choi_

of #2 la ~ t1m .tep in aeleatJ.ag 1JJv;Htl1er &taiga

aonat:8nu. 'l'h1s Mlec1:10D ia baM4 on tme conai4e.raUoD

oe the d...ired steep... of the heeCI-aepactt:y cu.rfe anc!

vbe~ or not: a IIIIX1.Jtna output. i. desired f~ __

1IIpe11er of a 9i'MD 41_ter a. bot:b DOnal head and

a.pectt:;y increa.. wit:h 1:be angle f;2. If i:hen an 1'10
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such IUd.taUoDII, .elecR1oD of~2 1_ -.4e tor en opt-I..

efficiency, or DOa:.al dea1gn.

2. 6. S. spn4 EMMnSa

A apeed conat:.ant: 1a • factlOr 91ftng t.he re1at:loft

between t:be P\1IIW) to1:al bead and i:be 1atpeller peripheral

....loc.1t:y.

!be 8PM4 constant: i. def1ned a. follow••

U2
J2gR

Tb1. was originally intlOclueed tor hydraulic 1:Urbine.

and later adopted by PUD1> ~.. In thi. defia1Uon.

XU i •• raUo of 112 to t:be fJ:'M jet ...loclt.y under heed He

It 18 WMCl for calCNlaUoa of t.be imp.ller 41...ter when

1:he head H 18 91"D and the 8Pee4 i ...lect:ed. Herbert:

A44180D (l976) propoeecl ~t. tor a good axial flow pump

t:he value of '\a should be in _ween 2 to 2.7.

2. 6. 6. fRI91f&1 !fM4 IDCl !fM4 2edf&IA"".
1'he equaUoD h.n 9H/fl2D2

tel'JDed a. "specific head"

means l~ut: eD81'9Y per UD11: .aa per rnolut.1on and w11:b

an ~11.r of Wl1t- cU_ur. It. NIIla1ne conataM fOr

all a1ra11ar 1q)el1era. Arlin!.,. foalUl88 follow f1'Olll 1:b.1_

p~r1:y ot the sp.eoJ.f1c he" for a g,t'ftD 0, heac! YUle.

d1reat.ly a8 .-quare of the 8Pee4 to MU.ty t:he above

con41tion. AlalO if D is kept. oon_1:8n1:, the.. head H

vari•• cUrec1:ly aa the~ of i:he 1JIpell.r 41_ter.

As a Clilll81181onl... factor ~ apecdt1c heed expr..a1oD
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2. 6. 7. l'M S1REV c.o9'~

Capac1ty con.ten~ 11 defined by ~2 •

32

11 alight:ly .-dified aDd i. lmowD •• the tthead coefficient".

It 18 noCed by

1/298

When c.a 11 'the .ed.41onal "loCi'ty at 41acharqe.

2. 6. 8. 11lt Stel.l&t.y QnW.91IISlI.

'l'hil 1a WJecl ••• OIPao1_ des1gn COD8t:an~ and 1.

defined.. ,. C~2

When <ia2 1, ~ ..n41oDa1 981001_ at 1JII)eller

41aeharge. for the beat effiei...,. point baae4 on the

net c!1ache.J:Ve ana (excluding ftDe. and 41anqanUng t:.be

lea1caqe) '1'bIt capaclV ooeff1Ct1~ increase, for higher

8pecitic apeecI, at constant 'ftlu•• of /6 2- Alao,'

increase, wittl tbe anqle j3 2 for • GODSt.aDt 'Pecific

spee4. It 11 connttete4 to \a ., followl,

2.6. 9. 1.'b! _ .~.9Jd:kt

In order Co OOtIPle. t.be 1IItpeller p~*11•• the

meridional 981001'ty at eft1:.rence lIbould be ai80 known.

rbil 1, glven by the nUo

~.~
~
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Ups, OIaitUng 1:ba 1...... '1'Iw vaM 1:h1aJme•• can be

4iareguded •• the ...... Ups ere usually tapered, and

Cnal can be .sauraed to be the ftloc1tty juat ahead of the

"aDeS.

Neglecting leaJca98 Int.meluoea an enor in vane

.1191•• )2.1 aDd /62 for a~ a~ linea as determ!ne4

from hlu' a ..lociq- t:.I:1anvle.. Comparing to the

inaccuracy resulUnq from i:he a.-.pUon of • unifona

JMricU.one1 ftlocity for liJeftZ'&1 streamlines. this error

1. neCJ11q1ble.

2. 1. Axial flow impeller de~gn procedure

!'he de.1Oft procedl1re for a singl..stage axial flow

1mpeller i ....... for a ceaVifugal 1nIpeller. The

d••ign pI:OC8dure Inwl".. t.he following stepa.

(1) '1b ....t. a qiYen aft of bMd-aapae1t.y requlr.-nu,

the speed 1. aelect:edl thwI \me lIPea1f1cr 8peed of the

1IIpeller Is find. OWl CIOuldenUon should be 91_n to

t.he bead range, the pJ:OPOMd pUIIIp ahould COYer 1ft fut:un

applloaUou under the .at. adftrM INOUon contit.1ona.

(li) For the apecific atpeed ~WI obtained, tt. bub

hUO and vane spacing (lIt) an ae1~ The number of

vanes 18 fixed at. t:be ... Ume.

(iil) 'l'be 8peed aonsunt. aDd t.be apacrit.y aonst:ant

are chosen next.. '1'bese conaQllU he"f'1nq been ••t.abliahed,

~ _ridional ..locJ._ and ~ler di_a-r CaD be

oalculated and the 1atpel1er pnfile can be 4riInl.
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u.,,) 1be 1nIpellw ... profIle. for both 'nne

cw:vat:ure and 'ft.. twi.t. an drawn .fter the 8Dt.hnce

and d18Charge 'VWl8 anol•• for ....nl .~lne. are

esabl18hed f&'Ol8 Euler'. _vance aDd exit wlOC1 toy

td.aft91ea. In drawinq __ ...... p=liles for ....ra1

etreeml1nes, airfoil shape. an good to follow, but:

tme vane 1:h1Olmes. should be kepi: to a min!nluzl c:onaI.1:ant.

wi~ 1:he vane mec:hanlc:a1 s1:rength.

2. 9. Experimental Design Fact:ors

'mere an a m.nber of cJealgn e1emenu of axial flow

pUJ'lt)a whloh do not. enter into 1:he t.heoreUcal cU8C':Ua.lon

al t.bough they affeet. dlrecUy the perfOI.'m8D08 of 1:he

axial l~.ller. Thes. includes (1) hub raUo.. (li) manber

of vane.. (111) Yane thlclme••, (i.y) turning of ftD88 on

1:he hub .s 11: ocaurs in adjustable vane 1Rpe1lera, end

(v) PUIII> C&s1nq. with or w1t:hout. d1ffuslon vane..

selec1:1on of any of the.. de.ign el-.n1:s depend8 upon

experienoe. As more faeton an 1ft-.ol...ii, it depend. upon

the ek1U of 1:be &taigau w cU.cern the effec:t8 of the..

MV8ftl ..rlab1es lead1nv _ t.be opu.. hydraulic

perfozmanc:e.

2. a. 1. lp!ptll!£ !!!b Bltd2.L
The raUo of impeller tNb 4l_ter 'to 1:he impeller

ouU14e cU_ur .18 41nct1y connected wit:h 1:he specific

apeed of axial flow P\lDllP8. ~. with higher apeo1f1c

ep..s haw emeller hubs. which 91ft. greater free area for
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the flow aDd a -.l1... cU-.t.er to tme a"...ge .~1ne,

r.au1Unq 1n a gNatu' ....1~ aDd a lower head. rigure 1

91.... 1:1» bub raUo fo~ ftJ:1ou epeo1fio speed. CIOmPil ec

(SUpUoff, 1961) fl'Oll .......1' of -.dam axial flow

P\IIIP. and blowers. 1!Ie hub hUO 1. 1:be .oR illlPO.r:1:en~

d••1gn 81__1: ooft1:.l:Ol1i_ II,peCIifiO apeed of the ax1al

flow 1IIpe11er.

2. 8. 2. CbRd-!RM1pq RlM2.

·The chcu:d-8pacing raido (Vt:) 1. ano__r 1IIpoJ:"tallt

de81p .1....t: wh1ch 1. eeleG'ted on the ba81. of prtrlloua

upenenoe. Por aiel flow PUllPa of speo1f1e apeecI8 of

10,000 rpm and higher, ~ nUo (l/t:) ia 1••• chan

un11:y. It i. posubl. to Ob~D tme ... ftluu of (l/t.)

wi i:h a diff.not oW1lber of ...... 1_ acblal hub hUO.

and number of .,.,... for dtff.J:'eft~ ~ec1fic apee4a are

lIIll,r:ked for each point on Fig. 1.

2. 8. 3. ftY!bt[ 01 !191'.

Kaplan (1935) fou.ncl t.bat. for a given wect:ed area of

the ... (1/t) t;.be Il\1IIbV of ftDU .hould be adninul.

rtU.. wa. &leo aoftfiJ:lMd by SOla14~ He showed t.hat. a

a.o-... ~11er was tW)R .fficient. "i1:O • pzooject4l4

vane area of about. 63 pc oeac.

Wi iUl bea9Y ....ne. and • low chord angle, t.be Jllt8X1auat

mDRber of vane. i. almo.t: fixed .iDeM addlllCl vane. vill

r ••uift ~ fna area of .... flow•. 1'be norll81 capac1q­

vill decrea.8 and .ffla1eno,r will 4EOp.
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2. B. 4. Y'tRt 9!nt1W! III Vpt !I~~

8ebliflbeob (1935) 8ho¥ed t:hat. __ head p.ro4uced 1•

....DU.lly t:he. _ for ell ".. aet.Ung and t.bu. i ••

f\lDGt.1on of .... _ne .....1:Uft «(62 - 121 ) alone.

2. a. 5. VI!' !!Q91mUL

£CJcen (19••) ._teeS 1:'J'O impell.... one wl1:b airfoil

.,.8 vell .t:rearD11ned ... poli.hed.. t:he o'ther of t:he

same 8Olid1toy and CIa'ftber 11ne but. ma4e of stamped 81:M1

aheet. yane. we14ed to t:be hub. 1'hII performanoe of 1:he

t.wo 1rape11er. pJo"O'V8d Ident:iea1.

~..cker1: (19.4) 8180 found t:hat. ano1:her !JApel1u of 'the

... airfoil pat-tern but. ... of caat. iron wit:b the

1:ra111nq edge ~ut. 1/8 1nch thic1c w.u lower in .ffic:1eDCY_

1'he efficlency reduct.1on wae ceuset! by the qrea_r nlaU,..

roughne•• of t.he cast. 1rOft c:ompared to the

pollshed alloy ....ne. bee..J ftfte thie1cne•• reaulu ln

MperaUon and noi.e witil high pnalRlre high apeec!

~llere. Tht.ls t.he ed'Mftttlqe of airfoil aectiou lie in

tile fact t;hat: they permit. the desired _chanica! .t.n~

wi t.h • a1nltm.ft Mcrifice of effiCiency.

2. 9. Des1gn for pump ••inq

'l'he purpose of tohe diffusion ca81119 of an axial flow

punp 18 to eonven t.he t.angenUal CCJIIWOneftt. of tme ab801ut.e

ftlocJ. t:y leeving 1:he impeller fnm pressure. 1'b1. 1. done

by atra1gbt:8niq 1:he flow .s it. 1..... the illlJ'Hl11er aDd by

n4ue1ag t:tMt ..loc11:y.
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In addiUOIl _ 1me re4uet.1oD ob1:a1ned by OOD'ftrUag

t:he tangenUal Ye1oeiq- C\IOmpODefl't 101:.0 preseure, 1:he

axial ..loci'ty is nduced bJ' 1nonaa1ag 'the cUffwler

41_ter at: i;be c:Uscbarge. A -.11 di...rqenoe 8091.

of ~ cUffll... oone (S· tot.a1) is ••aenti81 for an

.ffectJ... CIOrrNI'a10ft (Mon111 .Il Al., 1953, S1:epanoff,

1961).
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Chapter 3
MATERIALS AND METHODS



MAftRIALa All) MS1HJDS

3. 1. ObjecU....

1'be broad objecU... of the Pl'Oj~ was to .....lop

an axial flow PlI1IlP w1~ ~row4 effioi.nay which could

be eaonona!caUl" uec! fo~ dewatering end for lif~ irriqaUon

purpo... \I.Dder low heed condiUona.

'ftU. PJ:'Ojec~ va. uncSertaJcen w1t:h t.he following epec1fio

object1".••

(i) 10 -.lee a .bId!' of ftJ:'loua "ater lifUng de'riaes

used in Kerala for ap1cu1t:uz'al p\lJ:'PO....

(iJJ 1b .-.01... a .,..-=-Uc d••ign for a pz:opeller

PUlWP which can be uMd for dewaterlng aDd for lift.

lrrl98UoD P\lq)OM••

(111) 'D:t Ipricete ... P'UIIIP aDd trftluabl 1\8 pertor.

nuance by ••1:-

(i.) 1'0 optJJl1ae 'be 4u1gn 01 t.he P\IIIP and J:'8GOIalft4

for coanerc1el tgDUfecwnDg.

3. 2. 9r1ef deaOl'iptLon of weta' lifUng derice. ift xerala

Water lil.... nnp fl'Clla ...-old iDd1geneoua vater

lifu to highly efficient. P\IIIP" sal_Uoft of a au! t,able

water llfUng deY1ce for. parUo:alar requirement. dtlP4t~

on t:be characterlaUoa of the llOuroe of water. the

quanU Cy of wat:8r to be lifUd, ~ depth to t.be PUlllPing

weter left1 froaa gl'OUlld etl.d_# t.ype and 8IW)UDt, of power

....u.labl. at ~t field .... 1:be eooDOmic stama of 'the

famu.
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3. 2. 1. IdBl'91ll !fA. U.fS:HI.

May torPee of1~ wat:er l1t. are uM4 In

Kenla. .rtaey _y be _nawally opera__ or 01..1 operated.

9aMl4 011 t:be opUIIUII range 1n i:he be1gb~ of 11ft.. ~ an

gzoupecl under 4ericea for low 11f__ JH41U111 lift. and high

11f~

3. 2. 1. 1. Low bcMl4 ...... 11fU

'lbe awill9 ba8k.~ Don, AI:Oh_ed!u screw &nd Water

wbM1 are uaed when 1:he d.~ tD vater 1ne1 1s no_ lIOn

~ 1.2m.

§!ft. J!U1\t.\t
ODe of ts!w ._1: aDOi._ ..... 11th ls the 8W1ng

~ cona1nll'l9 of .. bulcd OJ:' .howl like scoop to

which four ropes are at.ta0he4. two penIOft8 sQDd fealDg'

eacb o~ and .,1ng 1:he beAiJcet. t.o fl11 1n vat»r. 1'hlI

be.." 1e ra1M4 aDd cU~ 11lto t'.be fle14 cbaJmel.

1.'he don 1. .. maDI'lU&lly open-.s boat. shaped t:J:ough.

closed at. one e. ud open at. ,. oither ad. The closed

end of the Uow;b 1s U«l wt~ .. .cope to .. 10120 WOodell

pole wh10h ls p1'WOted .. a 1..... OD .. po." A weight'. i_

f1xed to t'.he _honer ena of .. 1...... 1'he open end 1_

hinged to t.be 41aehuge poiu. 1'IMt t:I'OUgh 1s tipped lb1:o

1:be _tel: by ~ply1D9 t:he bo4J' we1gbt. fPIC! the lo.ne of

t.he operator, wa1:er 1_ lifl:ad by' ~ OO\lft'teZ"-welght. OD

tiw be.- and 1a ellllPt.1ect.
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Mlb.ISU ....
'1'he 4eY1ee 1 nlNell,. open." encl OOU18_ of •

woo4eft or: _Ul wbM1 -.. wi... lrmer: part1UOft 1n the

tom of a 1ICnIW. The .... i. so.'" 'by naeana of •

heft41e f1xed to • oent:h1 spilMUe. The spindle pZ'Ojeeu

fzom bet... encl. aDd 1. 8UPpor:te4 near 1U encl. by poet••

1!'ae 4nR 1. pl.oed at. an angle 1... thaIl 30· wi~ 1U

lower eJd 1n __I". WbeD t;be baDdle 1. t:u.I'M4, ...

water 180.... up t.lu'ou9h tlbe~ -.4 cI18ChU"cJ.. tibIoup

t.he upper eD4.

9tH !fbtt1.t..
The waUl" ttbee1 coql... of -.11 pe.4dle. 1'8OUD1:ed

radi811y on a horillOni:al shaft. The wheel is f1xe4 on

a clo.. fi1:Ua.g oonoue u:ougta. !he wheel vbeft &-ota...

pushes t.he "at:er to the field~~ ~h.

3. 2. 1. 2. Med1\R tte.d w.... Lifa.

Ned!\D bM4 11ft.a are uaed when the height of lift

is witJUn 'the range of 1.2m 1:0 lOa. The Perslan Wheel,

cbaJ.n pump, cinular: bIo-buclcet. 11ft and t.be eountezo­

poi. ·!Noleet. 11ft. are ca~rtaec! lnto IMCUUII bM4 l1fb.

of t.be_ oouni:eJ:p01.,we1cet. 11ft. 1 • ....,. popular in

Kerela. l'his device cons1st.a of a long woodeD pole wMoh

ls pi'VOted •• • lever Oft • po.t.. A. we19ht. i. fixed to

t;be ebor1:er eDd of ~ pole. Thi. weigh" .........

OO'JDur weigbt. to • bw:rJcet. 8Wlpendlld by a rope or a rod

at.1:aOhe4 to t:be 10nw ant of __ lewr. '1'0 operate the
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11ft. • MIl pull. down the npe or ro4 uratdl the bucJcet.

is filled. 'ftw~ 18 uawn up by 'the counter

weight.. When __ buc1cet. nache. the g&'OWld 18'Nl it.

is Upped into a~

3. 2. 1. 3. High lINd wat:eJ: Lift..

1!qRt tp4 _US lUS&.

The only iD41geneoua high bead water 11ft. 112 UN

1. the rope and .bu<:Jcet 11ft. The d891ce -r be opera1:8d

81ng1y or 1n mulUpl•• of two or _1:8 wol"ldD9 81nIultaMou81:r

powered by IMD or aD1mal••

3. 2. 2. 'f&J14I!&ll Ud JtxckmAI ae.
W'lD4mill and Hy<JraW.io ... an -.0 ptolDi81ng dWloes

to tap nat.unl .nervY tJ:Qa wiD&! aDd waterfalls nspect.1wly.

heD~\lgb naany furaer. ha.... bMa ualll9 wift4 povenct

rec1pzocat.1ng pumps tor irrigation f~ yeu.~ it. 1.

not. ~ popular. Low ...loc11:y of wincl 4w:'1ng SOMe IROn~

and high 1n!Uel coat. ere __ two _in 1'84110118 for 1•••

popular!toy of vift4mill 8IDD9 Kanla tamers.

1.'he hydraulic .r.- 1.... lJ1pU1_ PUIIlP wh1ch ui:11i_

t.he lIICR8ublll of falling va.... Act9antaqe 18 taJcen of a

small fall in .. ruDnift9 St:.reID to lift vater to • qreat.

height.. 1'he I'M can be insUlled when a relaU..ly luge

&l*)unt. of v.toer at. .. D)dera. bead 1s available in ..

SU- vith rapid fall, where tme PUIlIP can be installed

1n 1-. beeS to pUIIlp .. -.11 wl_ to • higher lew). tiaan

toM wpply. HydI'aulie r.- Jmowft as 1:he ..~ w11:hout. Power"
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is rarely 'l..s in JIGInla.

1'be purIlpS uual1y UMC! b.r the fUMera of Dnl. are

centrifugal puntpa , pl.ton p...,•• a1xed flow punapa ana
ax1-.l flow~.. The pn_.o-.c' used i8 .i~ oil

enq1_ or electric __r.

The apec1fio IPMd of ... lnveller ie t.he 1*)8t:

'ftluable ift4ex of \be .,.... of PUll', vh:1ch i8 118POrteDt:

in detel'J81ll1ft9 the -.1-. bead. 1'- apecif1c epeect

of an impeller .., be defined .. t:be rnolqt!OM per

unt_ U- t:o wMob a oe-aUica11y 81Ja1lar 1...11er wuJ,4

n.n if it: we... of .... 81.... to 4tllC~Ufti, quanUi:y

per un!t: u. &9Uaa' un1t: bead.

An indi~y fabricated axial flow PUIIP ,,1~ a

local neme "Pet.U .. ....... ia oonaol'l1y used in KeAl.

for clewataring_

3. 2. 4. bW l1li ,ftDt
A Pet.t.1 aDd pan _DIIiau of • cylindrioal wooden

esr. (Pan) wi'th a hoJ:iIlODUl ouUe' (Pet.U). 'ftae bIG

long e1dea of t.he Pet.t1 should be _de of a1DlJl. piece

woodeD pla.a. 'rtle reu .. of -.he box ts ClDIIJPl.~,.

c108ed and 1. pro'ri4ed with aD 1neperci:.1oft opening w11:b

water Ught. sll41ng ah\lt.tu'. The front: end of ~ box

is p.co9'14ec! wlth • one -I' wl.. f1t:t.ed on h1ft9N with

eu1table lftC11naUon 80 t;bat vaur In. outaide will not

eni:er .. Pet.t1 when tale P\lIIP 1. not. worJdhQ'. Ifhe top
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and bot... aide. of ~ box i. tongud aDd QZ'OO'Nd to

make i1: veta' "gilt: v1t::b woocten plenJal.

The Para 1. of 'WOOdell planJul with joift1la wagtle4

an4 grooved. para i. .tr~ by pJ:OYidiDg agle

iron r11l911 .... top aDd bot.tonl, and by pJ:OYicUq •

_tal beDCI at. ~ alMle. Hol•• are pZO'91ded on angle

iron to Join PaI'e. with anot.ber Pu'a aDd Para vith Pta_U.

Para Ie p.r:oy161Cl w1t:h a pro'teCt.1.,. lnal4e COYer When

i:be 1JIpe11U' wona, made of .bee~ _i:al. It. ..tal r1D9

18 proY1ded where the Para 1a corme0te4 to 1:he Petti.

All r1.... uM4 for f1x1nv anv1e troD, PI'Ot:ecU..

cover etc. are of copper.

1'he 1alpe11ar ooD81sta of a .at. iron bub to wbleb

lIU11:.ab1y •__ I..... are fixed. The inlpellar abaft.

Is JJl8de of 11114 s~. A a\11eable cast iroD ".1:aftd ...­

ia p.I'OY1c1e4 on vh1eb • heavy 4u1:;y ball bearlDg worJca.

It. 0011... 1s ri9141y bol,*, to t:be shaft. and It "au oa

~ ball beerlll9. 1\10 9W' rneQ1 buah beuinqs .n

pl'Ori4e4 tuleS. t:ha -.t.and tube-. one a1: ~ top and o_

at the bot.1:OIa. '!be pull.,. 1. fixed In bet:ween bIG gull

_tal beer1DfJs.

1'1tun 8 abowa the cUff... peru of Pet.ti end PUll.

At. pnaeDt Pet.U aJId PUa t. being -.ufac01reCl by local

blacJt_ti:ba based OIl tlbetl' phCUcal experience «aDd .­

t:bo perforntaDCMt of -.cdl unit. YU'Y widely.



45

'!'he nqui.......t. of the PUl'fI) to be 4eeJ.vnecI ..

atu41_ aDd tile' oepae1toy, ~ and ap4MlC! of .. P\IIIIIIP

wen f1", '!he CIIePeC1qt ftaed w.. 250 11"Me ard

head wee 1.s.. ..-. t:he date aft11ab1e. for opd..

CDadiUODa •••• of the P\I!IP 1. In bewe. 600 IPII ...

1000 zpa. So __ 8pM4 of t:he PUIIP vee tMe .. 700 .IPII­

P&"C* ......., .. tlJJ*lif10 .-peed of the P\IIIIIP ..

4etualned.

SWpuoff fS'Oll Ma eJIlPU.....tal .-41.a, loud out.

that b1gb epeo1f10 speed p1.1I4'a are ba'rift9 10ft~ic

efficiency. If Che total hH4 OUDOt be p.lOduae4 la

one at:a98, It. to be dl914ed Into .., or Imre 8~"

So ~ Mad lUd.UcS to 1.5M. The oapacd._ ... fixed

.. 250 l1V becauM it. 18 MaY to handl. a ..u.
81_ puIIlp. At. t:be _ U. it neede only cbeeper

founclaUoa.

N •• vO/H3/4•
w'bfu:e _. 18 ..... specifl0 ....... In .r:r:-.

• 18 .. aJPee4 of the P\IIIP, in~

H i. b be1a4, ia "'1:,

Q 1s ... cJ18Oha.cve In galloDlt/la1llUte.

For the _at_ of 00IIIJ,)U'1Dg __ Yalue of Ita Vi_
-- ftl.a br ftepaDoff (P1g_7) ... 1ID1' of

H ... 0 are 1a ppa ......
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H.. •{QIH3/ 4

H.. 700J=~~gil 60

(150/2,54 x 12)3/1

NS • 12169,95 rpa

Ns was approxilllately t:aken as 12200 rpm

Again in metria un11:., JC1nematic specific apeed

.j}f
H

700 , ~ 0.250
1.53 4

N. • 258,23 ~

Ns • 260 J:pII (approximately)

HerbertA;dd180n (1976) augges1:ed i:hat: op1:1muna number

of blades i. 3 to 5. Therefore number of blades was

fixed a. 3. This value 1. 1n good agreement: with the

value sugg8.t.ed by St.8panoff (Pig.7),

3. 3. 2. !'brae power of th! R'!I!P'

1'he horsepower of t:he pump was found out: by using the

formula.

liP • _wQ......H...-.__

7S ~ .0

where a 18 t:he quent:iq- in ra3/sec.,

W is the specific weight: in kg/ra~

H is t:he head in Ill,

eo i. t:he overall efficiency.

liP •
1000 x 0,250 xl.S

7! x 0.50
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HP • 10

The ownl1 efficieney ••..-.4 was 50 per _at..

3., 3. 3. Quigg for .lIw!IJ.}H 41Mp.10DfI

Mechanical CUO" MICtion 1. giftn by

Am • 0 Yc.,.
wbere ~ 1. the _ban1cal 01:'0" secUoD 1n m~

Q • 1. ~ qwmUil¥ to be pumped in .~

(oon.14ering t:.be Wlt.D8t.r1c efficiency)

e.t ia the -ncUonal ...1001q- in aVMO.

Q ' 18 glftD 1:IJ'

Q • Q....
wben .v 1. t:be 'tOl...t.n.c efflo1eocy.

c.,. 1. qiftft by

~·Krat[i9H
where ~ 1. ~ ooefflcient. of flow wloclq- or

capac1 toy oonatam: .t. 1D1ft )

9 acce1eraUoft 4\1. to gravit.y 1n fll/MC2~

Q' • 01••

2••o.
VOlumetric .ffloi8DCY ......cs WdS 90 per cent.

~ was aaaume4 •• 0.55
---

CIl1 • 0.55[2 X 9.81 X 1.5

c.u. 2.98 lI\I'eec.

4'"1
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A •
m

3. 3. 4. ifU~ RaS1g,

:ttl:> ratio • (dw'd2)

w"~rf"! dh 1s the dl&m$ter of th~ hub.

1'.12 is t..1ota in'l';)el1er outer (Uameter.

tvi'itson (19;6) lJuQgested t:hat: for good performance

at Imo~11er, throuqh w~tc~ vater flov8,

'\m • -f. .. (c!2
2

_ ~2)

--r 2 . 2'\n • 4- d2 (1 - (dw!d2 ) )

d
2

• (4 Am/7I(l _ (~d2) 2» \1

d
h

/-::i 2
l:ot r;.4 ..;,

d 2 • (4'1< 0.0932/7\ (1 • 0.46 2» 11

d 2 III O.3979nl

d 2 • 39cn

db • 0.46<12

~ • 0.46 x 39

~ • 17.95

~ • 190ft
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3. 3. 5. Inlet angle.

Inle1: angle (61 ia given by,

C.11'anfJ.... a
t1. tJ1

'fihere em1 is 1:he meridional velocity at inlet,

U1 is the absolute veloci1:y at inle1:,
DNA•u1- 60

in m.

N is the speed of the impeller in rpm .

a.1- 2.98

D _ 18 + 39
m 2

• 28.5ems

D ­m 0.285m.

7\ x 0,285 x 700

60

10. 450Vsee

_ _2...9....8_
Tan 131 - 10.45

0.285
1

Tan (0.285)

Therefore inlet angle was fixed at 16·

3. 3. 6. OUtlet Angle.

Always it is better to fix the outle1: angle by U'i81

and error. Brunoeek (1961) prac1:1eally proved 'that outlet.

angle from 22 0 'to 27· is good for efficient. and effective
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voft1ng of the ptIIIIP..

ft'OIa t;he hydnQ11e po1nt. of y1.... tme t.beont1ca1

angle Is 91•• by

when 13 3 Is the t.beont.1cel out:1et. angle ,

~ Ie the .-1c11oaa1 ...loc1~ at. out.let. ,

U2 18 t.he ..,lu-' ..locl_ at. ouUet;,

Cu3 18 t:be QDgeDUal COIIIIJC)DeDt. of 1:he abeoluM

wloc.U:.y (t:heoret:1ca1) .~ O\lU.-,

In axial flow PUIIIPS .. va1:er enter and 1••". t:be

blade at t.be _ n41ws U1 ia i:aken a. U2 and ClfI1 1.

~ as C..a or

Ul • U2c. · Ca2
Cu3 1s g1... by the foZ'Dlla.

Cu3 - g.~2
W''hen ,,18 the ""enUOD due to gra'9l_,

~ 18 ~ i:heonuoal bead,

U2 1. 1:be abeolute wlooi.,- a1:. outJ.e1:.,
H

~ -,..;-
where .h 1s 1:M bydI:aull0 .ftloieDCY.

l'1"om tohe.. de_ 1:he OOIUl~oaa1 angle (3 2 vas f1xet!

wa
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Cu3 • 9Htt/Va
Hth·~'" '

II • ...1&!.
1dl 0.8

• 0.3429

• '1'aD -1 (0. 3429)

Ii.tb • 1.81s..

1I,rdnu11c efflet.., It.. t:aJcen .. SO per c.~

CU3·~

Cu3 • 1.76 nv'seo.

n. • 2.98
Tan p 3 ~10~.~4i-:1!-_-'-:1-1:-.'·,.,

1'enf6 3

Tan /33

f63- 18.93-

t83 • 1'· (~I."OX1_te1y)

'l'fteoreUoally anqle f3 2 will be 1••• 1:han 19-.

aut. fl'Oll t.he 11ten1::W:'ea 1_ 1e cleu t.hat. t:he

perfoftlaftCe of 'the PlMIP 1e ba••a OD t.he cUffereDCe beweeD

t.be inlet. and ou1:1et; aDOl•• eBtl /3 2 ie good 1n bet:ween

22- and 27-.

Therefore f3 2 w.. ..lee1:ecl .. 24-

By Stodola for:nula dip factor f' 1. glftft by

}J • 71 81ft /3 2
1--"-~-""""'-Z

vMft Z i8 1:he Naber of blad••

)A. 1 - 7' av~U...-.­

f'1O 0.574

P 18 again qiYeft bF Cu2
C!;i • jJ
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Cu2 • 0.51. x 1.7'

Cu2 • 1.01
I

.gull TaD 132 • c..z
u2 - a;

1'aD f3 ~ • ri:I-=-r.Ol
'faD,62 • 0.3151

IJ2 • Taft-1 (0.3151)

fi32 • 11.5·

TIw actual ou.Un eagl_ f3 ~ is 1... then t:he

tbeonUoel outJ.__ angl. lOs' SO ~ angl. f3 2 pnet.1ca1.1y

Mlecu4 •• 24- is rfIIlIIOIlabl.. I~ alllO g1".. 8D allowuae

for .lip.

The ft1141 t;.y of angl-13 2 ... aoa1n ebec1te4 by

pflei4enr·. -.a1-.pir1oe1 nlaUon.
I

c.~
p~

wl\en Cp is the pfleldenr'. coefficient. J

IY; is • aoefficd.._ giftll by
Ir. (1 t=o 1.2) of(1 + 81al' 2)

(t!1) i. 'the pli:Ob to length raUG.

I!J 1 an4 132 inlet. and "Un angle. rellpeft1w1y.
Itr • 1 t=o 1.2 of (1 + SiD.{32)

I)V va. t:aJca .. 1.1 (1+ SinP2)

~/. 1.1 ( 1 + 81n 24)

If'1. 1.55
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•

Cp • 1.45

'l'he ..... spaclng RUO (1/'t) uMd 1s 0.5 (fZ'Olll 'the

grapb)

AndJ:'evlcoftu (1964) po1nad O\1e tha't the ftlue of

~ UOWld 1.5 ls reallOnabl.. '1'herefoN /32 _leeted 1.

UIIO re&eonable.

3. 3. 7. VIQI .-91. a'i&2&.
Pii:Oh of ~ bla4e. 1. 91.. by.

''t • 7ID
Z

where 't 1. 'the p1toh,

D 1. the cU_ter of t.he bUb,

Z 1. 'the I'lURIber of lala4e••

1be ftDe epaclnq hUO (l/~ va•••tNDl8d •• 0.5

1b1s ftlue 1s 1n &qreeme._ v1tb 'the ..lue. giWft by

st8,paDoff,(P1g.7).

't. 2L.f-U-
1:. • 18.85_

t. • 1901 (eppzoa-t:elr)

(lIto). 0.5

1 • t. x 0.5

1 • 19 x 0.5
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3. 3. 8. W1d\!! Of tbt blue,.
w1c!th of tme bla4e. 1s 9i...n by

d 2 • d"2 ....

wbere 4 2 ia t:he ~eller outer 41_1:8r,

dh is Che blab 4t...ar,

v • 39. 182 .

w • 10.Sa

A clearance of 5_ v•• given and the width Va.

'taken a. 10_.

3. 3. 9. De!la f<'lr til. s.tt.,

?he di_ter of the abaft. was fixed by uaing t:be

1'on10n fomula.

54

T •

p • -i7\Jr1'sUd
'where p 18 the borse power.

r 18 the torque tran-.1tted 1n kg-.,

N speed 1n rpaa.

(f.) 1s the allowable shear stre•• 1n kg/aa2•

1he horse pover P of the pump 1. 10 and speed of the

pwnp 1s 700 rpm.

1'berefore r • i~: *339-
'r • 10.23 k9-'l

'r • 1023 lcg-caa
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The .bear sve.. (f.) waa gken •• 450 llolCl'l2

a3 • ..&6 I l0.n.
7\ x 450

a3 • 11.58_

d • 2.2'-

Pol" satet.y ~ .haf~ ••lected v•• of 3.201 41_ter

3. 3. 10. RlgAR for .. s:u1M,
In Pet.ti and Pan uaually t:he area of CI'O•• 8ec1:1on

of the Pet.t.1 1s alway. 1••• t.han the area of 0%0•• aect:.:1on

of tme Para. Here <the opeD apace in bebreen the impeller

bub and cuing (lDC1u41ng blad••) is made equal to 1:"'­

exit CI:O.8 8ect10D4l1 aree.

so in ~ design of t.be PUIIP casing mainly the abow

ero•••ect.:1onal area. weN taken into aonsideraUon.

The diameter of the casing at. impeller ie the

1IIpeller ouur d1amear. __1181" outer ai_tar wu

found out .a 39••

A to1:ll1 len~ of 4'_ was gl..n for effect.1_

convenioD of taDgent.1al wlocit.y component lnto preasure.

'l'hen t.he diameter wa. re4uCMd to 34.Scm: for CDnt1nuous

unlfom nov. At. t.be 1IIpellu cS.1sch&C'ge 1:here ls loa.

eauseel by high rat.e of .Mu 4ue to low "'-898 ftlocit;y

ln t.be a••ing and Mqh ..loclt:y at impeller cUscharge

(Stepanoff, 1967). '~a~ld~. 10•• the di...ter of the

l11P811er vas re4ueect to 34.Sal afur giYinq • le~ of

460ft for effect.1". COftftraioD of ~t.1al velocit.y
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CIOlIPOD8ni: into pre......, .,ith a -.11 41ftrgeDCM.

The lMtChanioal cu:o•• HCd.onal area.

-'. • 0.0932112

2
8Qt. ~.¥-
where d i. the 41~ of i:he pipe.

:EL0.0932 • -.--

42 • ...! I 2.0932..
"7\

d • 0.34S.

The adftntage of 1IaJc1D9 'the area of cs:o•• eec'tiOft of

the caain9 equal t:o __ ana of CZ'O•• MC1:1on at ~

inspeller i. etoub1e folcl. (.t.) a.r giving a "loci~ gradient.

after raak1ft9 t.he flow well e.t.ablishe4, t:he 10.. due to

shear can 'be reduced. (11) By -.kiDg 1:1\8 area of cross

sec'tion of ouUet. (exit.) equal to the are. of CJ:O••

section at. ~ 1n!peller ~ rau of' flow at. t:be.. two

polntJI CaD be Jc.ept. alllO.t. equal and thereby re4uc1nq the

shocJc.

3. 4. Fabrication

The p1IIII) was desiQDe4 and fabricat.ed 1n the

Agrleul i:Ural. bglneerlnq Re-.reb WoZ'Jcabop at. Manmlt.hy.

The details are gl¥8D UD4ttr different. sub .ect.1on••

3. 4. 1. .!!a!:b.

'l'h.e hub w.. made fJ:'OJl 8 CJ8Uge M. S sheet.. ThtI sheet.

w•• 0t1i: 1n correc1: cUmen.lons ... beni:. The edge. were
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welded. together u4 ~ aorta. v.. finiahed. 1'he bo~torI

.ide was covered wi~ M. S .bee't in CIOn1ca1 fa.hion.

Inside ~ hub tmen 1s a Me S bu.h 1nside 'the hub Chrough

vhich the shaft: p...... ... bu.sh .nd 'the bub OOftrlD9

were Joined t:oget.her by t:bJ:'ee M.S shee1: piece., which

were welded in between t:he two. 1'he bo'ttolR balf of the

buah bole vaa made 30- conical. Plat:e 1 shows t.he det.aila

of the hub.

3. 4. 2. 1Uld!',

The blades were CNt: 1n oo.rrea't: d!menaion..lben t.he

blade. were br1~ from 16- to 24- in unifom ft.r1aUoD.

Twi.Ung was done by simple blacJcsmithy. slad•• were

'then welded to !'1. S flata, whicb were shaped in 'the correct.

cunatur& to au11: on ~ hub. OIl each flat.. two hol••

were drilled in order to bole t:he blade. on the hub.

Plate 2 shov. ttle details of blade••

'!'he shaft: used is 32 mm M. S. l'he bOttoaa of abaft. wa.

b.trne4 to 30 - C<)ne in order to sui t the hub. Below 1:ha~

shaft was threaded to check 1:he impeller by chec1c nui:.

3. 4. 4. 9tl!b MM'ing to DRROrt t;ht Y!R!ll.r.

1'his was ma':ie from teak wood, ·the wooaen bush va.

inserted in at·1. S bush. !hi. bush wa. fixed t.o 1:be eaaing

by welding three M. S flats of 26 dIft w1d'th and 13 IlIA 'thick.

Figure 9 sbow. the de1:a111l.

3. 4. S. Ctt1nq.
C8aiDg v•• fabricat.ed from 8 OIlUge aIl4 12 ~\l9tI
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M. S abeeb. 1be _aiD; upto a height. of 66C11l wea _de

f.rona 9 gauge eben.. The otl\er pan. vere lD8d. 11'01I

12 gauqe ahee1:. The .bee_ was cut. to 1U .1Z8, rolled

and welded. The bend of the PWIP caaino wa$ tabrlc.~

by drawing the dewlopmen1: on 1:he M. S sheet.. cut.Ung

into piece. and velcUnq t.ogetmer. rwo ou1:1.1: pip•• of

length lna each were fabricat'Ad fl'Olll 12 gauge .hee~

?late 3 show. the caslng,

3. 4, 6. PulliX.

A pulley of 46an 41__1' and 150m widt.h wa. made

f1"01R 8 gauge M.:3 sheet. and M. S flat.s of 52 rmt vid'th and

26 .. th1eJc.l'he pulley bub v.. _de from M. S bar.

Pulleys of diamet:er 10cna. 13-. and 15cm were al80

fabricated t;o suit. 1:he IIK)tGr abaft,

3••• 7. aev1nqat

I.Vo 306 !Oller bearing. were used. One was fixed

abo". the pulley aDd other Delov dle pulley.lbebearing

bloC1cs we:re supported by a suPport made in angle iron

whioh w.a joined on the bend of t.be pump caalnq by welcliag.

3.... 8. @111d

'!'he bel1: uAC! was 4 inch widti1 \c inch 'thiclc 4 ply

Dunlop fl.1: belt.

3. 4. 9. AltW1Yt

1'he PUIIP was asS8lbled ln t.he Aqriault:ura1 RftCJ1neer1ng

won.hop at. Mannutl'ly. At. t.he bene! of the exit. pipe, a

...lingwas uud to 8'V014 leakage. 1he lJapeller was Iit.ad
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to the shaft: and ohecr1cec1 by' a washer and DU't. The total

height: of the pump is 211.

3. 5. 1'eaUD9

'resting wa. done 81: ~ftrnmeftt. Bngineer1nq College,

l'r.1abur. Pump was QlceD to the bydraulicrslaboratory of

the Bnqineer1ng aolleve. It. wa. installed in a larve

t.anlc (pond) at.tached to the hydraulics laboratory. 1'he

power uni t: used was a 15 HP, 3 phase inducUon IIlOtor.

Figures4 and 5 show the doca11e of expertmen1:.al s.t: up.

1. S. 1. IO!t..'C'!g!n1:! IP4 MHV1!!Sl....IP.P'Qt2l. HdL

1.'he equipment.. uMd to _.aure the flow rate wa••

rect:angu1ar notch and a Hook gauge. 'I'he dynamic bead

was measured by wat;(tr IIIlUX'MD8Mr. !'be input. energy to

the motor was t.alcen by using an energy meter of energy

meter o:>nstant: 60. 'rime taken by the energy meter disc

for 2 revolutions was taken by a stop '-latch. A t.ac1'lometer

was used toO measure the speed of ~ motor and. pump.

Before start.lnq the testing, pump was run without.

water and no1:ed that. there vaa no object:ionable 8OUD4.

'~ t:he tank was filled. "reat. was conducted for two

level. of water abo". the impeller. one 20cm abo... 1:he

impeller and the ot.her 10em above the impeller. 'rhe

accessory used to chanqe the quantit.y of flow vaa a

shut:.ter at the ex!t. lutel dynamic bead at: a.o poinu

were raeaaured using water manometers, one after the bend

and the other just:. above "he 1mpeller. '1be manotaeur
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poinu are abown 1n F19_9. The second fIIaDOIl8t.er helped

to know tile .a.nble hydraulio loa. 1n bebMen ~he

bf'o 1lUlftOlHt:er poinb.

rea~lng w.a perfozaed a1: conatant sump 1.".1 by

P\1l'llPiDg t.he water to • channel anc! 1.a41nq the water

to 'the a... t.anlc. For YaZ'ious quant1U.. of flow,

manometer reading, he19ht of water Oftr notch. ti_ for

2 rtrVOluUons of en.rgy raeter c!1ac were notec!.'l'he

41ff.renee 1n speed of PWIIP from full flow to minimuM

flow vas found a. 10 rs-. which may be due to 1:be 81ip

of electric IlOtor. lIb. quaaUtr' of flow vas calculated

by using 1me forrm.tl.a (2/3) CcJ J2i It Ji3/2 where

Cel 1. the coeff101ent of discharge,

L 1. the 1.ng1:b of notch.

H is the he1p't of vaur over not.ch.

1'he input to the IlI)tor was calculated by the formula

(nit.) x I~Q.Q II x ....

When n ia the number of rewlut:J.oDs,

1: 18 1:he tJJae 'for D rewluUona.

t( energy meter _natant:.

A sample calculation i8 shown ln Appendix 1.

3. 6. Cost. of t.he PUIIP

1'he cost. of 1:he PUIIIP 1s calculat:ect as ~.3275/­

(Rupee. t.hree thousanet t.1IIJO hundred and aeventr' fl". only).

1'he detal1s of calcu1aUon i ••bchm 1n Appendix 2.
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RESULTS AND DISCUSSION

4. 1. rest data

!'he pump was tested at two levels of water above

the impeller1 (i) 20 em above the impeller (ii) 10 em

above the impeller. For these 'b."O cases, the head was

measured at two points1 one after the bend and the

other just above the impeller. In both cases efficiency

was found out, without considering the loss in between

the two manometer points at first, and then by considering

the loss. In the latter case loss due to velocity (vl/2g)

was also added. rhe tables 4.1, 4.2, 4.3# and 4.4

illustrate test d3ta of discharge capacities at different

heads.

4. 2. Operating Characteristics and results

In the first cas~ (wat~r level 20 em above the

impeller) it was seen from the test result that discharge

varieo fro~ 165.19 li~sec. to 39.53 li~sec. against

the he~ds 1 m to 2.65 m. The efficiency varied fro:n 31.95

per cent to 15.36 per cent. (Table 4.1).

In the second case (water level 10 ern above impeller)

the discharge varied from 147.46 li~Dec. to 30.31 li~sec.

against tile h"!ads 1.1 m to 2.78 m. In this case the

efficiency va.rie~. from 28.69 per cent to 11.66 per cent

(1.'a;:.>1e 4.3).

'vhen the efficiency was calculat.e'" by considering the



1'able 4. 1. Performance of p'tolq) without considering losses

(Water le-vel 20aa above the iJIPeller)

51.No. ?otal lit. of 1'1_ for Q(di... Water liP input OWrall
head water 2 rewlut- charge) 'horae 80~ motor efficiency
in m O9Itr .ions of in power efficiency eo~

notch energy lit/.ec: Olf/75 and 75~

In em ..ter diae: t:ransaa1....
In seconds Ion .ff101-

.nc:y

1. 2.65 11.10 10.60 39.53 1.40 9.11 15.36
2. 2.48 12.30 11.00 46.11 1.52 8.77 17.35

3. 2.25 14.60 11.20 59.63 1.78 8.62 20.73
4. 1.98 15.90 11.80 67.76 1.79 8.17 21.89
5. 1.92 18.10 12.40 86.43 2.21 7.78 28.41
6. 1.11 21.10 13.00 103.59 2.37 7.42 31.89
7. 1.41 23.90 13.60 124.98 2.35 7.09 33.07
s. 1.00 28.80 14.00 165.19 2.20 6.89 31.95



'fable 4. z. Performance of PUtIP considering 10888s

(water level 20CIID a'x>'ge t:he 1n'Ileller)

91. ManO Ht. 1'iIae for Q(di... y2 D:»t:.a1 water HP lD,PUc Overall
NQ. ..tar owr Z J:'e9I)lub- charge need bor_ 80% .,tor effic1-

bead notch iou of l1t1'aee 29 1n power efficiency eney.. 1n en energr me- m III QH,/'75 75"~ ·01:er diac m1..1011 "in 88C. eff1ciency.

1. 2.90 11.10 10.60 39.53 0.0092 2.90 1.53 9.11 16.83
2. 2.73 12.30 11.00 46.11 0.0125 2.73 1.68 8.17 19.20
3. 2.50 14.68 11.20 59.63 0.0210 2.52 2.01 8.62 23.32
4. 2.24 15.90 11.aO 61.76 0.0269 2.26 2.05 a.l1 25.09
s. J.l1 18.90 12.40 86.43 O.04sa 2.22 2.56 7.18 32.90
6. 1.99 21.10 13.00 103.59 0.0630 2.0. 2.83 1.42 38.09
1. 1.68 23.90 13.60 124.88 0.0920 1.77 2.96 1.09 41.68
8. 1.28 28.80 14.00 165.19 0.1600 1.45 3.18 6.89 46.19

"'Jo



l'able 4. 3. Performance of pump wi1:b:)ut:. considering 10....

(~.t.er level lOan above the 1tapel1er)

Sl. 'tbtal ~ of 1'u. for Q(dia- Wai:er HP input. Oftral1
No. bead water 2 re~lut.- charge) horae ~ IIIOt:or .fficiency

in .. oftr iODS of 1n power efficiency ·0"DOtch energy 11t.!sec Ort/75 end 75"
in en ....bar cUac:: t:zwt-.1....

in aeoonda lOll .,f101-
8DCY

1. 2.18 9.30 10.00 30.31 1.13 9.65 11.66
2. 2.63 10.30 10.20 35.33 1.24 9.46 13.11
3. 2.48 14.00 10.60 55•• 1.85 9.11 20.31
4. 2.15 16.80 10.80 73.59 2.11 8.90 23.71

5. 1.95 19.00 11.20 88.52 2.19 8.62 26.64

6. 1.14 20.95 11.60 102.50 2.38 8.32 28.61

7. 1.54 22.50 12.20 114.10 2.34 1.91 29.61
8. 1.10 26.70 12.80 147.46 2.16 7.54 28.69



'!'able 4. 4. PerfOntllDCe of PUIIIP cona14erlDg 108se.

(Water le'Ve1 10em above t:he 1IIIpeller)

81. Marlo ~ rime for O(di.
",.

'D)ta1 water liP input: ~rall
No. meter owr 2 revolu.'b- charge) head horae SO" ..tor effic1-

heed no1:Cb loas of lit/sec 29 in paver eEfic1ency enc:y
II. in an eDeJ:9Y me- .. .. QlV7S 75" t:rcm... e

Qt:erd1ac miuiOll "1n sec. efficiency

1. 2.98 9.30 10.00 30.31 0.0054 2.19 1.21 9.65 12.50
2. 2.93 10.30 10.20 35.33 0.0073 2.84 I.U 9.46 14.16
3. 2.68 14.00 10.60 55.98 0,0180 2.70 2.02 9.11 22.17
4. 2.35 16.90 10.80 73.59 0.0320 2.38 2.35 9.90 26.40
5. 2.15 19.00 11.20 aa.S2 0.0460 2.20 2.59 8.62 30.14
6. 1.?4 20.95 11.60 102.50 0.0620 2.00 2.74 9.32 32.93
7. 1.74 22.50 12.20 114.10 0.0764 1.82 2.78 7.91 35.15
8. 1.32 26.70 12.80 147.46 0.1280 1.45 2.65 7.54 37.79

-
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losses. it v<\ricd f£o''tl 16.83 to 46.19 against a need

::Jf 2.)0 "'\ to 1.Jt> ;n (,'a.,le 4.2) arid 12.5 per cent. to

37.7':) pet' CC.!ilt i't9aln.:::t a 1'1.i111 of 2.:1:> ", to 1.45!Y:

(r"~;:)le 4.4). r,"$;:.A"'C tive.li-·.

In t,;'le original. dr.!sign, discri"'U:qO.u..s 25) 11 t/s']c.

ilSS..t'iCI 'flat) ~O pe4 cent. 1'he '":"18x.1mu;;; d1.ocilarqe cJtuine1

fre);. ~n;::: ,-,:ust res...lt W3S 165.19 lit/sec. ::lgai,n~t a he(;1d

of 1.45 'Tl (.'a.,)l~ 4.2, Sl.No.8), ',in.:J thenaxi'!hl''t! wOl'king

ca;><1cl;;'i 'oIi,l;;' 165.1) ltt/s'~c. '~9atn::;lt a h.oad of 1. m. :be

in,;-'Jot .1\' t41t~n \lN~S 5.89 (~'aJle 4.1. jl.:.~c.'.8). Tl1'.l'H.s­

char.;;e. ootained at designed head (1.5 m) W:lS 121 l1.tls':)c.

,.11th ar. ,,,,:.:f.iciency (;f 33.00 pGr c~n; (fl.~0~ 21;1.10),

t.:.ho ov ::&11 ef'::iciency increase! fr:r;\ 15.31.> CHli!C c'tnt to

.3J.Q7 ~~r Ct~n":. 3:HJ :.han docrea::te::.i {wi ti1'Y.~t o::msi.j,!.'rlnq

lc;.u;'\3~) .:H:111.1ilrly. W~9n tne..t'l ner level .qas 10 an

4)OV~ t.nc bt,)otl·:;:;- the oV::lrall efficte!lcy increas.,d fr:>1'!

11.",;',,) t;;.:; .U.:'-J. ?;:;r c.~nt and U1f}j) (:;,~c.cQ''1.''.led. ,).i8e!'lar'.J<~

ov~';'dcd ~::. ,~t;w;;; .. '~:~.:.;,;d !'103d (1.) m' '>eM."; 1:'4 11tl3~. ',lith

<Jlf:orl,jnc::~ in :r;,:i)'l'l1U11 efficiencies "K:~S (33.07 - 29.(1)

*' 3.~': ;:;~r: ::;:~;p;.l!l':i t:!.t~:i! 1!ffor'.!fJc·} !n !::~)4jo "'!fftcHG/lclN'

at ~axblU'n discna.t:'}f! \-1<\3 (31.95 .. 28.69) • 3.26 per cent.
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J'1'OIa ~ a.t. nault.e 1t. 1. obftou. that. t.he hydraul1c

10•• 1. wry high. In bo~ ...., wben hydnul1c 10."s

C..aaured) en added, t:.be owrall efficiencie. vary widely.

4. 3. Cauns of Lo.. and ADUc1paad Rect.ificaUon.

carried out. in the Dea1gn

1'he hydraulic 10•• 1. not. fully .asurable. 'l'he

reason for t.hi. is t.hat. 1:hen are eo many feamr. cont.ri­

buM to t.he hydraulic 10..... hen t.h. combined. .ffect.

of ell t.he.. factor. cannot. 'be _eu.re4 acaw:ately.

Ky'dreulic 10.... are cau.ed br (i) .Jd.n frict.1on (11)

Eddy and .eparaUon 10.... clue to change in CUrect.ion and

llagnitude of the veloc1t.y of flow. secause of 'the latter

reason the cae1no de.ign 'I.. done mainly for t:he 'VOlumet.ric

capaoit.y. If t:.he ca.iD9 dea10ft would ha.. been done only

for oonftX't.ing 1:he 1:angent:181 COIIpOnent. of velocit.y into

pn&8Ure, ~n t.he flow would De di&t.urbinq t.he ".1001t.y

cl1&tribu.Uon. If t.be ca.. i. a& abo.., in 1:he channel

froll t.be INGUon to ~ d1.cbaJ:ve point. t.here 18 no .iD91•

• tretch flow pat.h where .1ther t.t. dlrecUon of flow or

t.be area and .hape of 1:he channel is conseant.. flbnoftr

pan of the channel is rot.ating. It. is not. .asy to predict.

~t. whether 1:he de.i9ft of aaung for wlumet:r1c capecit.y

1••fflcient. or no~ beQau.. the haad-capectt;y, .fficiency

and power iq>ut. are so correlauet that. a change in one 1.

followed by a change in t.he other biro.
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Losses at the impeller entrance and exit are usually

called shock losses. Liquid flow in a pump tends to avoid

shock by acquiring prerotation at the impeller inlet and

by esta~lishing a velocity gradient in the volute casing

at the impeller discharge, thereby cushioning the shock.

The nature of the hydraulic loss at the impeller entrance,

when liquid approaches at a high entrance angle, is that

caused by a sudden expansion after separation. At the

impeller discharge the loss is mostly caused by a high

rate of shear due to low average velocity in the casing

and high velocity at the impeller discharge. aut in this

design all these factors were considered judiciously.

High specific speed pumps, particularlyof the axial

flow type, have input horse power curves which rise sharply

towards zero capacity. In some cases the zero capacity

may be twice or more that at the maximum capacity. '!'his is

a very unde.sirable feature because the head on propeller

pumps varies with water level variations in the suction or

discharge reservoirs, and hence requires an oversize motor.

The test results revealed that the variation in input HP

was not high. In the first case it varied only from 6.89

to 9.11 HP (Table 4.1) and in the second case it varied

from 7.54 to 9.65 HP (rable 4.3). This is a commendable

characteristic of the pump, because attention of designers

hasbeen directed towards developing, types of propeller



P\IRIP. having' • lower ftlue of lIP ._ .bu:b-off.

If at. ... cepae1q. __ liquid in t:he Iwpeller

zot:a'te. a1: the _ apee4 •• the 1fIpeller, i:he i~

bDJ:'H power i. • 111n1... The_ aonditoton. an IIPPnachet!

1111:1\ low lIPec1fic speed~al 1IIIpellen. where beeause

of narzow 1q)eller pa••gee. 1:be exchaDqe of IIIQII8fttMa

betMa_ 1:be liquid iU1d. tbe 1IIpeller and 1:hat. ill the

ca8ing i. lind.ad. On 1:be oi:ber hane!, in nd.xed flow ed

axial flow P\lllP8 1:be exchange of IID1l8DtuJa a1: .eso 0tPac1q­

_tweeD the liquid ln COD~ wi~ t:.he lmpeller 'VaDe. and

llquid ln the punp oaaiaq t.ake. place .:>st:. freely. Aa a

n8t1l1: powec' i. waRe«! ira e441e. aDd t:.he input:. HP inan....

towuda lIhu-.off.

As t:.he blades wen nte4e fZOll M.S sheet.. by .inlple

blac1c8lld.1:by~ the hydraulio 10•• uy be vuy hi9h. because

1:he cunatun end finlsh of the blades may DOt. be p~ect:..

By \&8ing jig. to p.l'04uce bla4ee ~e hydraullc and o_rall

.fflcieftC1e. CfIft be inoreaee4. Directly CODnect1ng a low

apee4 elect.l"ic motor 110 the P\IIIP. effic1eney oen be

lnc.naaed to a not:.1aeeble ext:eft~

Dllrlng t:est:.1nq of t.be PUIIlP i:he quant.1 t.y of flow

obt:a1Ded was about:. half of the deaioned qwant.1 toyI becaus.

~ 'tOlume1:ric .ffiet.DGY a.8UII8d for t:.he 4ea1gn wu

ft1Y high (90"). 1'he oYerall efficiency of t:.be p~

could be increased if a low value of wlwaet.ric efficiency
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was assumed.

Only after redesigning and testing the pump atleas~

for three times the design can be recom~ended for cammer-

clal manufacturing. 3ec.'3u;)'2 of lack of time redeslnging

was not done.

8Venthouqh the capaoity fixed was 250 lit/see.

against a he~d of 1.5 m ~e capaoity obtained was 121

11 tlsec. (c.JT'lstr'.er'!.n.J t':1e losses when water level was

20 ~l ."!.X)V'!' the tnpell~,r). Stepar.off (1967) found out

r~~l~ 4.5. Design values.

-_._-----,-~-.._._._._----------~----------
'Jescriptlon

3P;lCi fic spe~d

N~ber cf b13des
Impell'~r outer diamel:.e.t'
t·!'...10 dt;..met~r
Inlet l:>ladc angle
Outl~t blade a~gle

31ip f>-ictor
3Y).'?,~~ ~onst."!!nt

f-lea,j coeff.icien.:.
Ca:};:\ct ti cQr/stant
Capac! ty cof..lfEicient

Designed values

260 rpm
3
39 em
18 on
16·
24·
0.574
1.92
0.136
0.55
0.287_.,...,-._--_._--_.._.------------_._-_.. __._--------
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SUMMARY

l'he obj ect!ve of the project was to develop an

axial flow pump with improved efficiency which could

be economically used for dewatering and for lift

irrigation purposes under low head conditions. At

present, "Petti and Para" a crude from of axial flow

pump is used in Kerala for dewatering agricultural

fields. Petti and Para is usually fabricated by local

blacksmiths using their practical experience, and

there is no scientific design for the pump. Petti

and Para using in Kerala is found to be less efficient.

In general, axial flow pump 1s more efficient at low

head high discharge conditions.

In the present inves~gation the basic require­

ments of the pump to be considered for the dewatering

of Kuttanad and Kole. lands of l'richur were studied

first. Then the specific speed was found out, and

designed the pump. A thorough theoretical study

including fluid dynamics inside the axial flow pump

was done before designing the pump. The effect of

various parameters involved in the design of an axial

flow pump was carefully studied.

After designing and fixing the dimensions, the

pump was fabricated in the Kerala Agricultural University

Research ~orkshop at Mannuthy. rhe blades were made

from 8 gauge M.S. Sheet by simple blacksmithy. The
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inlet and outll':!t angles of t!16 blades selected were

16° anci 24° n~s;>ectively. rh,e c5.stng \tas 21130 fa..)ri-

Cd Le" from "'1.~-;. S'i,;~tS. Phe kinematic s;)ecific sDsed

solect.e,j waH 260 r[J"ll, arF.i t.he htto diampte::r and outer

diameter of th,,} 1 npe11er werA fix'~d as 18 em and 39 em

respect.ivaly. All the designod dimensions were co-npared

with the values qiven or the pion·::ers in:)ump ,jeslgn

an;;;] four,d thi:it the designed valu~r, are in agrflen1<.?nt

with th;::ir dn,91gns.

JecaU.':):3 of the lack of facll t ty in the resee.rch

....·ork S"'lO[),t~j(~ :)Uil,) was t'!~$t'::d in th.'3! hydraulics

la):)r<:tory at C;e,vBtn'ncnt '~ngino{~rin9 College. rrichur.

rhe pO\iGr unl t:. iJsed was a 15 Hi) electric no tor. rhe

input en(~rgyto the a~tor was ,."easurQr~ by using an

energy :rH:!tc,rl of energy ;n~ter constant 6:). r'he

8cce..s"')ri~~ llser,l to "'leas'.!re ':1.tsc'1argr) an~:he()d were

a rect.:·u'HJular notch wi th i"YJOk gauge and watdr ;nano'lleters

r,~:spectively.

During t.edting t\o1O manometers were used, one was

fixeJ just ilJoVI? tl1e imHtller nnl the oth~lr was fixed

aftf1r the <:.>en:1. t'h7.s 'was rJone to note the lleasura::>le

hycrauU.c 10;s in "etween the twonano;;jct(~r points.

resting \la;~ c,:\rrtHd Ollt at two lc:!v'2~ls of water soave

the impeller, one 20 e-, l.!~v,) t}lC! i'1;::H:~ller and the ot~er

10 011 aoov,~ the bl?eller. ~or the above two condi tions

at d~slgned head (1.5 m) the efficiencies obtained were



33 per cene and 29.5 per cent respectively at discharges

of 121 lit/sec. and 114 lit/sec. -rhe maximum efficien­

cies obtained at these two vater levels were 33.07 per

cent and 29.61 per cent against heads of 1.41 m and

1.54 m respectively at disoharqea of 124.39 lit/sec.

and 114.1 lit/sec. me maximum working capacity WaS

165.19 lit/sec. against a head of 1 m with an efficiency

of 31.95 per cent.

COmparing with the perfo~ance of Petti and Para

and the ~xial flow pu~p designed and developed by ~e

Department of Agricaltural Engineering, College of

I'echnology Pantnagu, this design is satisfactory.

Cavitation is an important factor in the operation

of propeller P~?s. 3ut 1n this design cavitation

phenomenon was not considered. He the design by

considering the effect of cavitation, the efficiency

can be further increased.

COncluaion

Usually the efficiency of Petti and Para is around

25 per cent. me maxlmL'1I efficiency obtained in the

newly designed axial flow pump i8 33.07 per cent.

Again cO~9aring with the performance of the three bladed

h.igh capacl ty pump designed by the Department of ,\qricu1­

tural Engineering, COllege of Dechnology Pantnagar (1982)

this design ts~re perfect. rhe following table makes

it clear.



84

;'8018 5. 1. c:omparlaon of performance

.......... .. ..... ..
Head
Variat.Ion

a ,. ••

Discharge ~fflc1eney

Variation VatlaUon
•

Pantnaqar
lJu;;tp

1.a m to 2.8. 106 11~.ec.

to 2'" to 29"
130 11V.ea.________________• 1 A

1 ll't to 2.65 J1l 39. S3 11t/ 1S. 36:4 to
see. to 33.07%

1SS.19 l1t!
see.

J(erala~9rl­

cu1t.ural
lJn1yeralty
Pump

• • .. I • • lit
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APPBIIDIX - I

SAMPLS CALCULA'l'ION

Dei:a talceD 1s 8tb .... na41ags 1n Tabl. 4.1.

fIlI1ght: of waur Oft&" aotob 1s 28.8 em.

Discharge. Q. (2/3) Cd L J29 .r/a
when L 1s the leD9tb of notch • 48.26 (II

• 0.4826 III

• 0.288 1ft

Cd i. the aoefflci_~of
d1achu'ge. 0.75 (auuraed)

o • (2/3) x 0.75 x (.4826) ~2 x 9.91 (0.288)3/2

a • 0.16519 m3/aec.

o • 165.1' 11~....

1."Otal Head • 118

water hoX"" power • W
• 115.&;5 I 1.

• 2.20

Iaput: Jbnepow8r

1be input: to 'the ISDto%'

where D 1s 1:he ~X" of X"-.oluUou of ~ energy

....X" cUac • 2

to 1. the U- taka for n rnoluUolUl in

• 14 sec.



• 11.49

The effic1.mc:y of 'the 15 HP DlO~r waa taken ..

(aallUltl8d) 90 per cent. and ~ uanemi••ion efficiency

waa taken •• 75 per c__

so ~ power input. to i:be PUIDP

• 11.49 x e.a x 0.75

• 6.8t UP

Oftrall efficiency- !taw !!9rr:;0W!E
POwer npu~

~_~t\

e • ~o 6.89

.0 · 31.95"



APP!:NDIX - II

COSt' OF PUMP

P.a. pa.

1. Oost of 1JDpeller matenal • 76 00

2. Ooft of caIJinq • 737 00

3. Olst of bush bearing (inclucl1ng
teak blab) and its supports • 32 00

4. Q)st of ahaft • 120 00

s. Coat of sealing • 5 00

6. <:bat of a.o roller beal:inqa ana
beeriDg blocka a 230 CO

7. Coat of suPport for beer1r4 blocks • 50 00

a. eost. of pulleys • 300 00

9. Cost. of bel t. • 370 00

10. COst of chec1cnUt • 5 00

11. Q)st of paaJdng __r1818# INU,
bolu etc. • 100 00

12. (bat of weldinq roda • 250 00

Labour coat. • 1000 00
___,._._•••• a

4 ••

lbtal coa1: • 3275 00-_.__..- • I
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ABSTRACT

·Petti and Para· a crude form of Axial flow pump

is used in Kerala for dewatering agricultural fields.

It is being fabricated by local blacksmiths and there

is no scientific design for the pump. For low head

high discharge conditions Petti and Para is very

effective. but less efficient because of faulty

construction.

The broad objective of the project was to develop

an axial flow pump with improved efficiency which could

be economically used for dewatering and for lift

irrigation purposes under low head conditions.

In this investigation. a good amount of attention

was given to the fluid dynamics inside the axial flow

pump and theoretically studied the combined effect of

various parameters involved in the design of an axial

flow pump. Then the parameters were compared with the

approximate values given by the various researchers in

the field. The requirement of the pump to be designed,

at field conditions, were studied thoroughly and an

one dimensional design was done.

After designing and fixing the dimensions. the

pump was fabricated in the Jeerala Agricultural Universi1:y

Research Workshop a-t Mannuthy. Because of the lack of

facilities in the Rasearch Workshop, it was tested in

the hydraulics laboratory at the Government Engineering



Oollege, Trichur. The power unit used was a 15 HP

electric IIIDtor. The accessories used to measure

discharge and head were a rectangular notch with

Hookgauge and water manometer re~ectively. Testing

was done with two levels of water above the impeller,

one 20 em above the impeller and the other 10 em above

the impeller. Por the above two conditions, at designed

head (1.5m) the maximum efficiencies obtained were 33 per­

cent and 29.5 per cent at discharge 121 li~sec. and

114 lit/sec. respectively. The maximum working capacity

was 165.19 li~sec. against a head of 1 m with an

efficiency of 31.95 per cent (20 em above the impeller)

In the three bladed P'lmP. the blades were fixed

to the hub by vlelding it to the suitably shaped (curved)

M.S flats and then bolting the curved M.S. flats to

t.he hub. The blades were twisted from 16° to 24- in

a uniform variation by simple blacksmithy. The

efficiency of the pump can be increased by using perfectly

curved blades, which reduces eddies and skin friction.

COmparing with the e~isting Petti and Para made by local

blacksmiths. it is found that the pump is cheap as well

as efficient.
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