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dmsuvedlnanay snduagdoddndsnulumsogusanunilanveswedarianiainumsi
g (Critical Velocity) vosvawdefinas nsdnanuslunasinaliifisswe sunianie
‘uaaLL‘ﬁqawaQ’luamwmnmsnauvﬁaLwﬂv?'f'mn‘uaqlwa Tuannsainveslvanauiinrmunian
Y] - o A1l & a ° v P P < )

g4 Musanunsgyidiaaduiiuly mfaazm‘lwuaalwawammmmwumQNLLazLUuqﬂaisﬂma

nstvalufign [10]

dnvazvewedvarauduanmsauendnuiznislualdawdane T wuunaiie
el (Y 4 A @3, A’ P LY Y] 1
WU (Homogenous)ionsinandanwuviliuiiisingaduiurasive 19w vosivansy
NOIWAIVAININNIUATLUIUMNS grinding lla¥ thickening nznaulInUILEe Iﬂaumﬂwqmm
e Judu 2. woulinandladetiu (Heterossneous) mslvafildnaudutaiefunaan
nanfie synailinialvnfiazminsvnnaznaueyduait luvalzleynafiivunedngs

apgmoeyiuun dnvagnisluariialausanuldnuniiewsineg fasluarintazionis

manidesfusgiuniaiiewieyninuodudy
3.2 AuANYMzUIvaLing

ANULALLERUYRIYDelng
Weanarsunsivavesredlnaneldurussunt 2 | uewdlafnualiiuduszunu
Y =< a9 v A i @ ' ' - a < = 1
Auvugnasliipdaufivuuiuudua sl gfinse-Fuaslirmud) » Jwedluadiuvuay
el aRRA VLN US YU UNS AT LU E 99T E ML UL ELara s llunAY UL as
< 1 [ o @ 1 n’; [ 5 <2 = dl' = [
AUsRzAsyananduddumunisiualuwdazdu saiuveduaiedandoudluludneans
P ) ' o o . d P
aun1srUSITudu (v) MuANNUANANNYEIRINIEY du Tussasnefidsuly dy lag?
y  Wussegimnsgwiudussunuduuiuduans angu 3.1veslnaiifaususzuny
AUUUALTAUSUYIAY LLazamaqmwmaﬂwaﬁLLNuszuﬂUﬁwudwqazﬁﬁwwhﬁ'vgué

wekifinsedsunuuunuszuudsliinisiadoud
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Y dimension

boundary plate 2D) A velocity =u
(moving) )
shear stress, T
du
dy
SO
boundary platc.(2D)
(stationary)

JUA 31 dnvnzasivRsuuawssyedlua {10]

NAYBUsINIEI F slaniui Araliiinuseidou (shear stress) 7 (= FA4) vilst

voslwaiinsidenutanduy uaelidasmslfsumamniedonidon fio

T—ﬂﬂ
dy

AU
lngfl = fio hsanasideu (Shear rate)
M
P= 1

# fermivesnTIndudndau Taavilisends mwmilsanysal vismaumiia

nadn Wneliviaoily, “dadu Juritdanysiauins@unsiiFenid ngaiuniauesiay
, \ 5 £ d  a ¢ v
(Newton’s law of \viscosity) . laevnlureanaranimsissinisivadsefugesuuuie

Newtonian a2 Non-Newtonian fluids
vaslvauuy Newtonian “AImmuilnrssvaslvaiioumagiitieriuasasiinaenusin

shear stress az1Udsuly wSailuvadlnaia AR USTENIe shear rate WAY shear stress

du 'Y v o a & v & o 1 g
—L‘l‘ju‘lﬂluaﬂﬂmgLauWSQ Iﬂﬂﬂ?lﬂ‘u@&lﬂﬂ‘uu@uLﬂu‘lﬂﬂqma\ﬁLﬁa?LLagLLﬂﬂ LU 8701A UN

y
uazihdu runilawaiavsemuminauysalzuananifudmiutureinsvsening g

o du

iy —
dy

dauredlnaunuu Non-Newtonian @1 shear rate uae shear stress lailduusiuly

LY | o o a2 1 Iy { o = 1 ) .
82U sadeimamilalildadidle shear stress wWguly Aaruwiln (Viscosity)

andIuln

A o ) P
mﬂaauuﬂaqlﬂmmmLLamqlﬂmqugﬂm 312



12

Shear stress Yield -
Pseudoplastic

Pseudoplastic
fluid

Dilatant fluid

Shear rate

Ui 3.2 uansmstUSsuiiisuguidhunvedlvia Newtonian tag Non-Newtonian[11]

° [ 4 1 ) o 6 s du v o &
ﬁ'TMiU‘U@\ﬂ'VIﬁLLUU Non-Newtonian AIAIINENNUSVDY M OU :{—ﬁ]ﬂ‘ﬁﬂuﬂ'ﬁ NU
'y

. M("lJ” ~\ (3.2)
dy

ql L= I 1 U/ 2 1 Y a
el M Aediassuilrnaaia (N.sn/m ) Las-n Aenssaiiugdinginssunisie

MAved n Aannna 1 azwuitvesladusis NonNawtonian suulaatuiug
(dilatant fluid) nanAe weslnalimaruminiuiuntrm g udou teontstilives
Tnaadoulmisadu wﬁﬂﬁmmwﬁmﬁuqv‘ﬁu ogvasinariaiisu i fu e Tae
voslnavinilfianunsadendnedasliidn.shear Thickening dnsvrastvianausyning vy
n318 MSeeynAveLTidue fivuwuunsinaludnwel Non-Newtonian ~ UseLaw Shear
Thickening dnwaigifulumugunmdszney 3.3 Fadimmmilngs iesnneyniafinsides

mafanaeaal dwalilunanfivesinaindouds synasziinnisiddsuudaiinnian
WUIUDUUATLUIN
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Equilibrium Shear Thinning Shear Thickening

[

31]17; 3.3 At m-iiuzaigmﬂ‘uadlwa Non-Newtonian, Shear Thickening [12]

[

AuanyuguilanlglunisiasaedaiEuRs A TR ™MEIT WY (specific gravity)

Favlaanaunis
Sm-=.Sw +€(Sz:= Sw) (3.3)
nehl  Sm/AD AmAaE TNz vasdIUNAL

<~ 1 o d‘ L% ‘n’

Sw A9 A1INENTINGDeIsavad (21 e leida)
-~ A o ¥ 4

Sz @9 PnddNI s Yo Ian na

C '8 Sanaiue uiidulpéusiinsveaiannax

M99 WINDYn R TAGINAIAT AR WY 1.6 41 5% Laeu3imsaziin Ay

SRIUWILTIVIAY, 11.05(1.6=1) =1.03

aussausmaam‘%mquu.iqmﬁ'aaéﬂw%’quaﬂwawau?;uagjﬁumsﬂszmaGTQ YUIAUAY
BUNIAYBIVBIHAY %ammﬁﬁﬁﬁwaimmaﬁum5chLﬁuﬁ’w5qmu‘uam‘%‘aaqumﬁ'ﬁwaﬂua
%aamamsﬂuzLLa:mqmﬂsﬁmuwaaméaqqu dhunsdliivailefidd n Uaehdl 1 awnsaden
vatlvaviniiliin vedlva pseudoplastic_fi® vaqiwaﬁtﬁaﬁmmtﬁuLaauLﬁuqvﬁu AR
wilnavanas fegrevasinariing wu thnla un weeua e1adenveslvariailsnuuy
161 Shear-thinning uananil diiiveslvaiiiidnuuzazhindeud fusadousng naadedl
dnvawadeveuds widedmududouiidunnnind 7 dstinalivesiuainnsiadoudi

wazildnwuzluvedlvaiimeillou Newtonian Funvadlvailin Bingham plastic fluid ves

[ % v ' al a a a [ ¥ v v ¢ ' LY du
Iwaaﬂwcusu A e1d@nu 97150 aUdn WUAY @U7500LAAIATNFUNUTTENINN T NU —IﬂEl

@

Tdauns sail

T=T7,+U (@J (3.9)
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3.3 Lﬂ'%mgmwmmmﬁm

SesguUIULLSIAB Ao LaFosflavanaiivhuiiiidheleundsnunaiisuedesinds
Tubiudveavan ieliveunmannsalmasussuuanganilslugsamisnuilfesnis oy
I‘Eﬂumsé’%ﬁawaqmmshuviamﬂszoﬁ’uﬁﬁﬂ'ﬁw‘lﬂssﬁuqmdw Mnmufusnlugd A
fugand Yagtumumsldnueiesguuuuusavisaisly amagaamnssu manuasnssu

wagrluamisvialy

3.4 ¥ONNSHIULAZEIUUTENBUIATBIFULUUNS AT

Lﬂ‘%laqq‘uLL‘NLﬁaw‘f’muiﬂ&Jmﬁ’ﬂmwa;umaﬂuﬁ’mﬁlﬁ%’umsdwmﬁ'lé’qmﬁnn
wainaslui Lﬁasuaammgnmu‘[,ﬁﬁﬂLstﬁ'«qmﬂuénaNmwuﬂmﬁuﬁﬁmquénawﬁ%cﬁ"ﬁmh
AMUNARUUSSEINTA UBsaNIsgngaiinaudnasaduin ssavalazldTundsauna
nnlufaudwdeudundseam davecvaslvasenainluiinudwienuasivnsdus
%QnLﬂﬁaulﬂL"ﬂuwé’amuﬁ’né'lugﬂmmmmﬁ'mmu Lﬁ'aqmﬂ“u'aqmqmﬂwama“lum%'aqqu
vgnglugitu il idteseimmanas dieilivsunnasunag malus ey

v Py & P a
AOINTL muﬂsmau‘[mam‘lﬂmaaLﬂiaquLLammugUw 3.4

] {—Discharge Pipe
&", e
: n“:-_a::‘—‘-a
S e o 5
Discharge Nozzie Packing Box
Peacking
impeller -\
Wear Ring .
o | B ":, \ ’ Shaft
o \ Shaft Steeve
\ vane

/"

» ;
'@ Casing
P ( intake Nozzie

l:(ta‘ko or Suction Pipe

P T Y P

Ui 3.4 sumhdinveuesesguuasiianenisivarevediva [13]

lagwdnnaramans Weveunagnuyuliiiausmilgaguinans anunaduves

roswmazlifunntulioagingaquinasveduinanndu WeauSiveduingamu
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aglunyurlimnnme mufuiigaAudnanisginimmiuresussema fufuaiasgu

BUULSIIERTEelieunaIdn (suction) agfinansluwe [13]

v

dulszneundnuaueieguIuULSIIBIsENaUM Y

1. Tuim (Impelier)
w Qy 1 | d g : 1 ]
Tuiadududuvennesguidinismyuseumies Tnsazusznoulusistududes

Liun goly vanes Tuiiaveunsesguasgniinegiviuiman desgnindsdntuueimeslui

v

a v

Tneyluugn lupinSesguiuunsanisaazyimnan wén winnd ezafitu viowarann

v

1 I L3

< o o o v
KN %a\‘imuwaﬂx‘i’lumnuaLmaﬂW‘Wﬁ Iﬂﬂﬁ%adlﬂawgﬂquL“U’]aJ'lﬁl'mﬂUEJﬂa’N‘U’e]\‘imst,u

U

dnwauzenlu vanes vosluiniaSasguiivissiinlAauuy backward tag forward

2. fi39u (Casing)

MiTeuveunissguaniudnuardosiuonidd (Airticht) Jedeusavluinienls
lnsgnesnuuulindsinusatsedeesinaesniimeanvonaiosgy gausudyuamidu
WANTULSIFY (pressure eneray) eutveslvasgeonaniniounarivadalugviaduds
selurlinvasiiSounsesguuislaarusiln fa 1. 9iin Volute Wudnwnisiuuveslds &

= - < 2
wanslugy 4.2 (1) Tansiiwduiuiinis nadzanninmiinesnisivg nisanasuasnniniige
Waussiuvesvaslvaiiiuouiniegu 2. wile Guide Vane suuanilusu a2 (p) IneiSeu

2 a & o a = & i P v g ' o &
wsssguaiinil luinasiiganiu vde diffuser lagosniuuniialiihvaslwalvasiuf o
insesgulangetu viliiinasgny dendenulosaciasdusvavsawaty Laz 3. vl Vortex

Aauandlugy 4.2 (v) luiinvesiiSeuriadozdudunsunauseninduinuazdniou e

E3
=

anvagihilinsgaidendnuiiotniniriuseieuan SUsyananmRdnIafSeunuy
Volute

U 3.5 uanswilnvesiaeunSosgu (n. viln volute v. viln Vortex a. ¥iln Diffuser) [14]
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3, ﬁwuviam’hsuauﬂ'%aagu

8/ 1

A Y o d Y o o @
viefireldiudugavenniasgu nsumedniuredriuiiiveediua Tudnwue

1 1'% t 4 1

ssuuuuuin axiifands Judundundululum egiifuieanvesiogn

4. fuviedweaogu

ﬁvia*?isiaLﬁnﬁué’wudwaqﬁ’aLﬂéaaguﬁmﬂ'}ﬁ'dqdwamaﬂwalﬂgiqwmaﬁéfaanﬁ

uenanifulinvaaiasguuuuusavissdiaunsautnudnsarveduinlday
W fai

1luwnwiln Radial FlowrSasguiuuusavissdnulngedldluinuiind lusinudn
Radial Flow dmdsmiluresvaanusavies veslmaiiarauluineiaiiaslnaduazesn
ludhwas 90 een dnvarluioudniudndugunmi 4.3 ()

2 luvaniin Mixed flow \Jusnwaizluinfiadtandsauainusiwieuasusian
wwiunu wdesguinualisizmnzaniunaslénuluiteinge fosvhnuda
uevgenitluinuiln Axial_Flow teisosgudnsazifviesdaluinUnuasia uiasiuuvin
lutalnannnd dnengluiavinfuanslugning 4.3 (@)

3luingiin Axial/ Flomduluintiindsiundssiuguaslnanunssauuum
wwaunu dduinadatazimaitunemiesnsiununuie i wiagurintaslidmiy
aiifenTsealiig uwAdnsnnslnagedussuusalsenny dnvasluinvindianddy

gﬂmwﬁ 4.3 (m)

U1l 3.6 vinvasluiinA3esgu (n. ¥iin Radial v. ¥ila Mixed Flow f. ¥iia Axial) [14]
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uenanilluinvenrdesguisaunsoutsldaauuumudiusznauluiie

1. Tuiineiindn Tuinsindinazwuluiedosguain axial flow Fududnuusitesli
Snsmslaguusiliiantien Ussdvenmuaaadesguaintesosilafioutueiindu fuans
Tugui 4.4 (n)

2. Tuiinaiinfadn fdnvusadretuluineindaudesuiudwwedmilaiou luin
vilsdiasliluiniesquitgurasivaiiiidunaueteyninvesudduseiution Ussavsnimves
TuiinasgnimunandesinsssninwetluiadunihiweuiiFeundosgu fuandugud
4.4 (v) | |

3. Winviedn Tukavinil luinaggnasauuilifiusutadusisaosdou fhesldly
nuiduvedinaarerniilesandastisserinduintudisoutunay waziiiauniosgud

Tiflgaandmsuvomau iy fananaluzuin 4.4 (a)

U 3.7 wansdnwassvssiiin (o) viinda 2. viadutle o ¥deln) [15]
3.5 dun1svedvaulans Euler’s equation

mMyilaTgiausInurTadasasnasutlusin vie Ansazifsaduiuinissguiuuse
whanluannsavile lneede aunsimsesdnsnawuuluiavsisseiass (Euler’s equation)
Wuaunsildunnguuuuves Yuesiday Tuwududaauuazngnseysntndsny @
aumslanunsaldlun smnaussoueANI U LATIFUIUULSUNIEY WU @110 IUIENAYDY

d' o/ 3 1 Z [ LY

msidsuuladluiinserianveansosgu Wusu

annganuiieduiniuansauandldainquanvasluiauuy backwards fagu
o & o Y P a ' o & .
nas5  anuii@edssnauiunuguuuuanumisuisendn aamasunania (velocity
triangles)  lagusznaunae audluialunuiduseuas (w), anudalunuiduda

(peripheral velocity; u,) wag m’lmé’;ﬁug'ﬁzﬁ (absolute velocity; ¢,) Faufunaniuisa

139386
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1N, uay w, InNeenvaATagu mITveedlualieenaniaiesguliun w, @

absolute velocity 19000 ¢, iunannudildaina w, uas u, wuiu

gﬂﬁ 3.9 Anusiaumdunveduwn Impeller Velocity-Triangles (n.n1991 2 n9@8n) [15]

= dl ¥ L d dl 8/ o/ a
usednfildnnlusinrsosguiuunsanissatinsomldann aglusiududen (aw of

angular momentum) A uaun1seell  [15]
T =m(ryc, cos,,—rc, oSy, ) (3.5)

Tned

T = us3Um (N-m)
m = gnsnIsivanaa (kg/s)
ﬁwé’qﬁlﬁmﬂmaﬂmQmﬁummﬁaﬁmu (W) falu

To=m(u,c,, —u.c,) (3.6)
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INAUNIVBINNTUVS fluid machinery (L = mgHi ) @nansauandainIsnfings
nuleiFe

mgHi=m(u,c,, —u,c,)) (3.7)
oW Hi Ao eaildlvivadlvalasluin deiu won Hi anursevileainaunis
Hi=(u,c,-uc,)/g (3.8)

a & ¢ , . P A9 Yo o d o
ISenaun15ilin aun1sessiass (Euler's Equation) daduaunisiilddmsuiaiosing
wuuluWanse turbo machinery

o @ = @ a v t L /Y ' )
dMsuIATegU waginau mstwaidnluaduluiniiuasiia c,, Ay
Hizu,c,/g (3.9)

inmnadIiusras-velocity | triangles, dunisYetsesiaas (U 4.6) au1souans
AuFuSTEnIsnSalaned

Zn0 902 2 2\ -7 2
Wy =y =2UyC,, +C, WaY W, =y~ 2u0. +¢

[

ausavzaasaiaulvila el
Hi=¢;~cl/2g+u] —ul /2g+w} —wtl2g (3.10)

NNAUNITN 4.6 Windusnlans iUt ImuTuIswasIwaay dhuneluie ey
cl' ) ) = ) s ') v
NADANIDIANNAUTRI LS LB Rl A1 S T UL E T wagtvieugavauansliLiy

o o a d’*’ & @ e € P Y @ e a [

WIINUTLRLTY 9MNNITANAWBIAMULTIFNING U 66 namsliiiuivaumasuninungs
38 velocity triangle vasaun1sensians lunsdiil ¢, o= 0 uAgSATIAIUSEHINg Cuzr U Cyp
TUYINAUAUSRS1dIUVDILEATDNETNISDRYLA DS ﬁ'ﬂ_LLam’Lugﬂﬁ 4.6 9ns1d1uiitseni
Usgdndnmiau (vane efficiency) Aeauns

Hi ¢,
» =" = Tu2 (3.11)
He ¢,
AIIBNYMEYDY LEALATENTINITIMG
\@avupdeaeLass (Euler’s Head) anansadould A
u2 Uu,c
He =22 ___"2"m2 (3.12)

g gtanﬂz
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a1 ¥ 1

AMENYRIEYEY Euler’s Head-Capacity laediunin A1wes f,asdliAnvesnin 90
aer1 audnwaigluiauuy backward A1duUsednsien head coefficient Fadusuyslsis

aunsadiaulafe
@, =1—¢tan g, (3.13)

UIEANTNIN

2/

logundl Laasauiildanniniesau (H ) asdesninenanluiniidedldaudili (H,)

L4 a a

Wesnaugydenisamians (h) seintszdninmigainsesguanansauanslaain

dung
e, =(H,=h)IH (3.14)

dqunn Ysgaviaanniauiuins (volumetric - " efficiency) ' A8as1dIUIENIN

ANaInsaa naswedlnavetaTosduIT Tenursaleaunislade

e, =0NQ+q) (3.15)

Tne? g, e mMigidaaindesinniglulaminsesgu

(%

UssanBnImmIuaTesdnna e awasaldyuannisiangil

o SL-dn) pe@YH,
7S\ L

(3.16)

lng#l L Ae input power way L, fio n1sanideninavasaiadgy

f9lu UseAnSaineaawnsasdnsnisvamians (fluid anachine) d@1uisadeudu

aunslame

o= P8OH (3.17)

Lay

e=e,e.e, (3.18)
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\BALATOIGU
eaAsBsguUIINefandsnunnIasguiviiuresvaliebiiinnisivaainaiuga (In
1) lUgwnudiveaniasgu (3 2) Awandlugui 4.7 AEninIesguaAIuInaINaunITHEIIY

YDUUBTYA [16]

Total
static
head
)

U340 p9w A Lor B AT Ovg Ui 6]
PN IUANNTINGRIUTIVANIR, L uay 2avin
Da P vy — K’
sz( : ‘)+( 2 - ]-1—(22—2]) (319)
Y (¥ 2g

We  Hp \feldmnIevau (ns);
V, way ¥, Ranriidapisivanyn 1 uasyn 2 (wns3uam)
P, uaz P, Annuniimadime(l) kazn1uiig (2wetiasetau (Alaviana)

Z,uaz Z, 39snNssninmugauagiuaduauaIodgu (wns)

a [J

Usgdvsnmuazmdslivhdmiuimiasgu
Use@nBnmueaniedgu (7,) Mueiie S8azvenauiniesguaanta (Power
output) Wawiguiumduunlmaiasgu (Power input) lngrtumaranaumdwagluin

Fernaldanaunisi 4.16 [17]

P
N, =2 x100 (3.20)

in
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ﬁwé’qﬁm‘i‘mquwamlﬁ (Pump output power) AMuialaanaunisn 4.17 [17]

Fou = H p0 (3.21)
e H, ﬁmamﬂ%aqqu (Lums)

y  Aeuminduwzvesvedlva [iiudegnuiadiuns)

U

a by < (3 ' a <
0  Aednnmslvalialinnsveaniacgu (gnuiAtiumsaaiuni)

AdefiliurinSasgu (Pump input-powen) uildlnenasdaialwih fueinofudnw

nulssdnsnweasaines Jeseruaailaainaunisi 4,18 [17]

~VIcos@n, ..

input 1000 (322)

ausTAUVDUATDIGULIIIIE LA nHREavialY asian iR uf s el nila Al
dmiutuindaulnsosgu Muunmdusanrudnardluinauin e la Sasansivarise nsiw

1 S ol a - P o v
walivsylogddmiunismauiaueaaiesguitiiiganiunsldag
AN YAEATINTYUULAL N UUENATENEY

nsvuLeIAIeguRem sguredluat nnisiugnlu NS Fuassrmel agasses
wuzTg AR iiaaaluss iy dsiulunsngsrihauve wnsasgudniunnsidin

< o

o t QI dl L4 £ A L4 = 1
Tedlmudndusgniafiasiamaaidnuusesssuunglinaniasonii systém/ head
curve FunadnuaigiTusgiussAurmulansmsewrindugauagiudsesosla Saufu
wwngeydennanieluie System head curve anutsaugaipaanvazlugliuutstsang

va fuaunis 4.19 [15)

H,=H, = F) +KQ" (3.23)
rg

g

=5h.
oy
-
I

LWATDITEUY (WRS)

)
i

lgaAnduaTaINn1sgULeting (wns)

P, = arwduiimunieenveniasgu (U1daaa)
v oo v v =

P, = mnuaun,unnaiiuedinsesdu (Uana)

ATNMUILLUYeIYaY Vg (Alan3usiagnuieriiams)

i)
I




g = ANLsaesInusaltuals (i 9.8 lwasaaiunileaninasans)
K = Amasi

L 3 .
0 = onsimsiva (m~/min)

n= Exponent

23



unii 4
NNINAAD

nsnaaauanssousvasaiesguilielifuredinanautu 1ldyanaasuid
dusgneuriuieafumsvnaeuaNsTIuLTBAATBIgUIILUSIMIEY Tngdredarmsgu JIS
B 8301 “Testing Methods for Centrifugal Pumps, Mixed Flow Pumps and Axial Flow
Pumps”[18] TngswaziBenvasyannans Iin1smaasutazaisiUisuiilsuanssouy
a0 osungléwsdl

1. emsfiegnnaeuaussausniaiguasdsenatluie lenveniosgu A
38U Mduwan anneyniugauedindagy wasansilivaaoy

2. anmemsvaday manadeuiRIBgUIBIsRdeRuinazem Tnsgumpiives
Iﬂasauagjﬁswiw 0819 40 By YA AU LU A AAeY Ao 1,000 Alan
segnuiariung lndlunsdiivedlsafldveaeudulimmamidagsniiisanun viageslvadl
dunanveeynAve By awsewinisinsamansynuiilideausinugvasasosguiiu
nsdlnegiidunydetiinmsmadey

3. gavdey azfedinsasionniendiuliveaouansTousvauniasgy Mot
vpayavaaey annsatandliluzui 4.1

Pressura% %;

__control valve

5U# 4.1 MedeganaaeudmTunnaauaLISOULVRUATEIGUALNIATE Y JIS [25]
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4.1 YAVAARILAZaUNTAINARDS

NsVAdaUANIIaULBATEgUIlslYiuvetlnanansenitadiunT e LAz ULy

wulnluv ehvimsesnuuuganeasuduandugui 4.2 Favsevedvanautiuazgnussyn

v o

faumisinuaesanaaet lneu visvedlnanaugngunuviegs lnsiveadidmiu

[y

Usudsmsivaneuiivesimaandnluiiadosgu Seléinsiadanaiaussduisansdiures
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COLOR Brown
Sio2 64.7 %
AL203 121 %
FeO 2.0 %
Tio2 0.14 %
Cao 3.2 %
MgO 2.1%
K20 < 1%
PH 8<10-%
Swelling dndex S 25-mi/g
Particle size pass 200 mesh, min 75%-95%
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bstract

This paper presents an experiment of efficiency reduction on
centrifugal pqmp‘ performed with water at different levels of
ind particle mixture. This study may lead to a possibility ‘to
duce energy consumption of a pumping system that carries out
and mixed water such as drainage, dam, and waste water
xatment systems. In the experiment a two horsepower
«ntrifugal pump was used. It can produce maximum head
essure at 22.5 meters and maximum flow rate at 600 liter/min.
ithout added particles, the pump can perform at maximum of
¥.3% efficiency. When sand particles were introduced at 5% by
lume, it was shown that the efficiency was same as original
/el. Once the amount of added sand was increased to 10% and
+ %, the pump maximum efficiency was declined to 58.2% and
4% respectively. The result has been shown that with a small
ount of sand particles the overall efficiency was not much
Yected. However when more and more particles were

rroduced, the pump ‘efficiency was declined increasingly. ' This

behavior was too presented by the volumetric flow rate which

was also measured during the test.
Keywords: Centrifugal pump, Participate mixture, Pump efficiency
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Abstract

This paper presents an experiment of efficieney reduetion on a centrifugal pump performed with water
at different levels of sand and bentonite particle mixture. This \study/may lead toa, pessibility to reduce
energy consumption of a pumping system that carries out particle’ mixed-water-such as,drainage, dam,
and waste water treatment systems. In the-experiment @ two horsepower centrifugal pump was used. It
can produce maximum head pressure-at 22:5 meters and_ maximum-flow/ rate at 600-liter/min. Without
added particles, the pump /can perform “at maximum of 63:3% efficiency. When sand. particles ‘were
introduced at 5% by volume, it was shown that the efficiency was' same ‘as original level. Once' the
amount of added sand was increased to 10% and 15:%, the pump maximum efficiency was declined to
58.2% and 52.4% respectively-By comparison with bentonite, its’ smaller particle results in high“viscosity
which leads to higher power consumption while head and efficiency. is relatively.dower than water mixed
with sand. The result has been.shown that with a 'small amount of sand and bentonite particles, the
overall efficiency was not much affected. However when-more particles-were added,-the pump.efficiency
was declined increasingly. This behavior was too presented.bythe volumetric flow rate which was also

measured during the test.
Keywords: Centrifugal Pump, bentonite, head ratio, performance, impeller, concentration.

1. Introduction pumps-require-more.energy consumption (Walker,

Wells & Poma 1992).

Centrifugal pumps are normally used for fluid There are many researchers studying

transportation systems such as plumbing, performance characteristics of slurry pump. For

irrigation and waste water treatment because of
their performance in head and flow rate and
convenient operation & maintenance Gahlot,
Seshadri and Malhotra (12). Moreover, centrifugal
pumps have been utilized for handling slurry or
mixed fluid resulting .in reduction of performance

of pumps. Namely, their efficiency. will drop while

example, Grandhi, Singh and Seshadri (2001)
investigate that the efficiency and head of slurry
pumps will be decrease when the solid
concentration and particle size increase.
Moreover, increasing in size of pump will result in
minimize head reduction. The study by Gahlot, V,

Seshadri, V, & Malhotra, R 1992 conclude that
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the change of pump head (HR) and efficiency
(ER) is proportional to the concentration of solid
which is not over 25% by weight. For higher 25%
of solid concentration, the value of ER and HR
will reduce rapidly.

Generally, the selection of centrifugal pump
for mixed fluid or slurry is contingent on
experiences comparing to pump’s performance
which obtain from water handling testing.
However, actual performance of pump depends
on characteristics of solid’s type such as.density,
particle size and specific gravity. For'this reason,
the studying performance of centrifugal. pump
when using slurry transportation is very.important
and it also allows pump users to select proper

pumps for their application.

2. Theoretical Bases

The centrifugal pump operates by the force of
vertex flow which results in transfer energy from
electrical power to hydraulic energy. Basically,
impeller will be rotated as motor's speed leading
to increase in energy to water or fluid.” Fluid is
normally flow to the center of impellers and forced
by tip speed and rotational of centrifugal.pumps
before the velocity of fluid increase (ASHRAE
2008).

Fig. 1 Typical of Centrifugal pump

2.1 Head Pump
Head pump is the energy transferred from
pump to fluid resulting in flow rate from suction to

discharge as picture below.

O =V =& —— Sk

Fig.2 Positioris of pressure-gage for head pump determination

Head pump can be-calculated from equation
of Bernoulli as;

- 2 1132
.-.sz(Pz ”1)+[V2 i }r(zz—z‘)

Y 2g

2.2'Pump Efficiency
Pump- Cefficiency is~ represented | the

comparison between input-and output-power

P
p = U » 100

m

Puinp powei oOulput aind input cain S
determined as follows :
oo = 1P Q
Pinpul =VI ‘/gnm

Where Hp = Head pump (m), Q = flow rate (m3/s), Y -
specific- weight (N/m3)
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2.3 Pump Performance Curve

Normally, efficiency of pump is provided by
manufacturers which provide with H-Q curve to
support designers or users to select pump more
properly. Figure 4, for example, shows the curve
of total pressure, capacity and efficiency of
pumps comparing with five different diameter

impellers.

210 - ], - T T T T T T T T

180 | z
L !

g

I

TOTAL PRESSURE. WPa
g 8
#
|
arass
7 .
i[. -
&

A\ ' 4

CAPCI )

Fig.4 Pump Performanece Curve

2.4 Operating point
Technically, operating | point of _centrifugal

pumps can be determined by the cross. of pump

curve and system curve as  shown _in
fig.5
150 I }
b= PUMP CURVE, )
120 t ! ['

9 t
PONT OF CPERATION -—/ \
: ! v
{SYSTEN CURVE ‘

0 ! B 0 12 15
CARLCTY s

TOTAL PIRE SSURE kn

Fig.5 System and pump curve

3. Experimental Equipment and Method
The figure 5 shows the experimental setup for

testing performance on. centrifugal pump-handling

mixed fluid. The setup comprises 1) centrifugal
pump (LUCKY PRO Model MHF/5AM with 500
I/min maximum flow, 2900 rpm, power 1.5kW and
22.5 m maximum head capacity), 2) ultrasonic
doppler flowmeters (OMEGA Model FD-400, 3)
pipe loop and mixing tank. The power
consumption of pump was determined by

measuring electrical current and voltage.

—

4 6 Dischunge
pressure gage

C ﬁmS N

A e RIS
(SR "\ - e

N,
1.Centrifugalptamp

-

-

!

~
1 2Flow Mater
isplaylp)

Fig.6 Experimental’Setup

Fig.7 Centrifugal Pump
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8b. Transducer Location

Fig.8 Ultrasonic flow-meter

The sand used in this ‘'experiment havingan
average diameter 0.42mm was selected, while
sodium bentonite has a particle” size of 0.074mm
(Fineness pass 200 mesh screen 96%) as shown

in Figure 8.

9a. Sand

9b. Sodium Bentonite

Fig. 9 Experimental Materials

The method can be described as follows:

1. The centrifugal pump was firstly operated
with water. The control valve varied fluid
flow rate from closed to fully opening (5
steps). For each step, suction &

discharge pressure, voltage, current and

flow rate were recorded. For flow rate
measurement, the ultrasonic flow meter
was implemented

2. Blending sand to water tank. It was
added 5%, 10% and 15% by weight.
Recording repeatedly as testing with
water.

3. All of results were compared with water
operation and plot on graphs to show the
changes. of performance characteristics of
centrifugal pump:

4.\\For/ Bentonite, the methods were as

same as testing with sand.

4. RESULT
The  performance of ‘pump when” operation
with water is \shown in figure No.11 it;can be
seen that the .best efficiency of pump with water
is ‘about 63.3%. Flow rate ‘and_head rare ‘about

190 I/min and | 18.55 meters respectively.

Hapd, m

Capadity, fmin

Figures ii Perionmance of Cenirifugai purmp nandiing waier

Figure 12a presents the performance of
centrifugal pump when transferring water and
sand at three concentrations. It can be seen that
head of the centrifugal pump reduces
approximately .30%, ‘when the. concentration. of

sand increase. Figure 12b_shows the changes of
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pump input power (kW) with the same
concentration of sand. The input power for 5,
|
10 % of sand is similar, while 15 % of sand j
wwaler
concentration shows that highest rate of power @53 5K 1
1
consumption. The variation of efficiency of pump .
e Sand 15% |
can be seen in figure 12c. The efficiency of pump i
|
decreases with increase in the concentration of : & 3 a1 |
sand. However, at 5% concentration, its efficiency | Copecky, Von
shows s||ght|y lower than the operation with Figures 12c Comparisons of Efficiency and Capacity
water. Figure 18a._shows the performance

characteristics of the ecentrifugal pump handling
” A A— TR mixed | fluid’between  water, “and bentonite.
! According to-Figurea, head of centrifugal pump

drop with .an: increase-in bentonite conecentration

A — W as‘same as’'water-sand mixture. At low flow rate

::% ! (<0.002 m3/s), however, the pump head and flow

—and 1| rate slightly decrease compared to the operation

| with sand.-At high concentration (15% by weight),

0 " o w1 =0 ; the! flow - rate \is. apparently lower, than  other
Copachy, {0 1 concentration including water-sand mixture.

Figures 12a Comparisans of Head and Capacity | ‘ The power input.is_shown in figure/ 13b.

i —— — It lalso_has the same behaviour as sand slurries.

\ More._input | jpower’ is demanded for higher

'\ concentration- of _bentonite, but the/ additional

power  is™ not proportional <o increase in

:;:2.% ! concentration. ~Figure 13¢” presents the pump

;:::”; | “efficiency. Qbviously, at15% concentration shows

- ‘ significantly drop when compare the variation in

- other concentration. By comparison  with

£ ::”' mf, W= transferring water and sand, the efficiency of 10%

) . gl =
ik T Goneaiuai Powe s By concentration of bentonite is better than 5%

concentration at low capacity, and then its

efficiency gradually drop to the lower points.



The 5™ TSME International Conference on Mechanical Engineering
17-19"™ December 2014, The Empress, Chiang Mai

WE-ICOME

Figure 13a Comparisons of Head and Capacity
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Figures 13c Comparisons of Efficiency and Capagit

Figure 14a, 14b and 14c show the comparison of
head pump for two materials (sand and bentonite).
The variations of three concentrations are similar.
Namely, bentonite has a higer head than sand
slurries. considerina at low flow rate and then

sharply decreasing to lower points.
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Figure 14c Variation of H=Q curve with 15%concentration of

sand and Bentonite

Figure 15a, 15b and 15c also present the

comparison of power input for three

concentrations of two materials. Pump operation
with  sand  requires  slightly

highnr nower

consumption than bentonite slurries before energy
input of bentonite increase to be above the curve

of sand.
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Figure 15b Variation of P-Q curve with 40%concentration of sand

and Bentonite
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Figure 15¢ Variation of P-Q curve with 15%concentration of.sand

and Bentonite
The comparison of pump efficiency handling two
materials can be seen in figure 16a, 16b and 16c.
It can be seen than bentonite slurries show the
high efficiency for low flow rate before decreasing
to low efficiency at high flow rate. Particularly, at
10% and 15% concentration, efficiency of
bentonite slurries drops sharply and its slope

almost becomes vertical line (16C).

Figure 16a Variation of Efficiency-Q.curve with 5%concentration of
sand and Bentonite

e S W

- B oo e (008

13 PN poo 0 o 500
Capacity, Ymin

e — - e

Figure-16b Variation of Efficiency-Q curve with 10%concentration of
sand and Bentonite
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Figure 16c Variation of Efficiency-Q curve with 15%concentration of

sand and Bentonite

5. DISCUSSION
The performance characteristic of centrifugal
pump handling a mixture of water and solid
shows a significant decrease compared to the
operation with water. The head and efficiency
reduction are proportional to an increase in the

concentration of materials.” This similar result has

TOME-ICoME

ASEAN AND BEYONC
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been reported by Chandel, Singh and Seshadri
2011 which conclude that the head and efficiency
of centrifugal pump drop as a result of increasing
in solid concentration and the effect is dependent
on type of slurry. Moreover, Gahlot, Seshadri and
(1992)

Malhotra also explain that head and

efficiency reduction linearly with low

high

vary

concentration of solid. At level of

concentration, however, decrease rapidly than
linear prediction. This behavior is shown in figure
14a, 14b and 14c.

The variation of " performance . of

centrifugal pump operating” with two—different
materials presents impact of solid ‘properties ;on
the pump operation. Bentonite -although has.a
smaller particle size than sand, it'shows the lower
decrease in head and "efficiencyof pump.at_high
capacity. This phenomenaon

(Gandhi, Singh & Seshadri 2001) that.the smaller

is also explained

particle size can increase in friction loss hecause
of higher viscosity. Thisfriction loss from viscosity
is relatively greater than”head loss from coarse
sand particles. The variation'of Head, Power.and
efficiency do not show any linearrend with_solid
concentration and flow rate “but “the. higher
concentration of solid has a more._ significantly
negative impact on performance of a centrifugal

pump (Gandhi, Singh & Seshadri 2002).

6. CONCLUSION

From the present experimental study of
performance characteristics of centrifugal pump
handling mixed fluid, it can be concluded as
follows;

1) The increase in solid concentration leads
head and

to . reduce efficiency of

centrifugal pumps. As a result of high

(1]

(2]

(3]

(4]

(3]

(6]

(7]

17-19" December 2014, The Empress, Chiang Mai

friction loss from particle size, rough
surface and viscosity.

2) At any capacity, the decrease in head
and efficiency of pumps is not linear.
However, at high solid concentration, the

head and efficiency reduce rapidly.
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