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(An investigation of the performance improvement method of Pump

as Turbine using CFD analysis)
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Abstract

This project aims to improve a centrifugal pump operating in a hydraulic
turbine mode for producing 1 kWe using Computational Fluid Dynamics analysis.
The performance improvement method such as cutting Impeller tip, adding splitter
blades and both methods combined were implied to Computational Fluid Dynamics
commercial software namely ANSYS CFX for obtaining the predicted shaft power
and the predicted hydraulic efficiency at condition of the flow rate of 17.4 m’/s
and the net head of 13.9 m.

From the‘ numerical flow simulation, the numerical results from Pump as
Turbine (PAT) showed the predicted efficiency of 38.97%and the predicted shaft
power of 0.927 kW. While the numerical simulation of PAT modified with cutting
impeller tip produced the rise of the efficiency being 16.47 % and the increase in
the shaft power being 0.392 kW. It was because of the reduce of vortex flow
occurring within the flow channel between each blade. Another the performance
improvement method, adding splitter blades, presented that the predicted efficiency
increased 12.61 % and the predicted shaft power increased 0.3 kW due to the
smooth flow making in the water flow channel between each blade. However, it
was found that the maximum value of an increase in the efficiency was 18.38 %
and the maximum value of the rise of the shaft power was 0.927 kW obtained
from the numerical results of the combination between the modification with

cutting impeller tip and adding the splitter blade.
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PLa = ngLath (7)
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C, U, —C, U
ch — [ 2u? In >l ] (8)
g

d = s = or
E‘U"ﬂ 2.9 l‘IJJ‘U’P]\‘lﬂ‘iUIUWﬂLLﬂSﬂﬁT]Nﬂ’]'iﬂ‘l‘qlu‘UﬂﬂUWﬂ [15]



12

w o = Aoy 1A =
’lumimamwmﬂwaquwﬁ W’i]'ﬁm']L’)ﬂLG]E]%ﬂ'J"INL%'J‘VW]']\?O@HV]EJGI?;JLﬂﬂﬂ']‘iﬁu‘lﬂa

. a4k A @ o
(Slipllepiinuinseanvasiuia A
A, =nD,b, 9
e
& wooa & or o s |
D, Anuturiugudnatavesluiiniivnisen (m) Fsgui 2.9
< v | o =]
b, Aeeuneaasluiiniivisasn (m) Agui 2.8
NAUNINT asailo
QLa Y/ AZCZm (10)
P
Ted
= | v oo 2 o al
C,, RO ATILTIVTIAUSNEDNNBEluI TATIvE DALY Tukuwe 3Ry
fagun 2.11
o =
303N LaVI Y]

Qun = sznDzbz (11)

« = o
FUR 2.10 wawesaudimadiluie [15]



13

i = @
JUN 2.11 vamesmiuEiiniseeniuin [15]
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JUA 2.13 amdsumnuialunsvhaoululanesssguin (menils) nagnisyiailu

Tvuaieiy (ageile) [15]

A 2/ 1 at
wu o, waz B, luaunasi (16) Wuyumislva (Flow angle) uunisivadrgluia o,
arrsaniliaan Guide Wheel n15uUszananunisivnaid o, anamsafiuanliain
& oad v oW s = = o € . o,
WUNWUGIA A, V89 Throat aauansluguin 2.14 Faszeziing (Pitch) Tunsdl Single Volute

=i 4 14
Z,. =1 uasnsfl Double Volute z, =2 vosluaildrdiun Throat drn21137

Q
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57 A
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tanBz — CZm — an (18)
u,—c
2 by Al _ ,Qcosay,
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Wunwiien z, xA, waz A 9oulupiilnaiinlasliiiden (Shock Entry) Aa

tan (B, x1,) = tan B, andunsdi (18)

s dwnsinslvalififen fe

QSF e . tanBZB (19)
u,A, g 13A2£2_ln By €OS Oy
ZTIV I Z A
2 Le* *3q

[ (- P .:’; g | @ i
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4 @ ey s o ot = 5 ad ] ot
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1 = d' r_'] .
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- 2P u2ZLeA3q L Z,,A
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| L. 7
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ar ! 1 o = LY d
Ay P, = £(Q) Jumsiludwmgaiuiindaguii 2,15

= ot 8o ar o o
naunsf (20) nsnnslvailiindegee Q, ,, Jonldlagdmuald b, =0

¥2
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bl 1 1 1
oy

nsnIIludT P, = f(Q) AdnAYA 2 fuwnuueun Q, ,, wasFgaegh Q =0.5Q, ,
ATIUUANANVDINENIUIZWINEIEN mradinaznisesn e Y = gH Farusunwie
. =4 =f v w - v ] ]
(Specific Work) i3 Y, = gx H, imamanvesluaidngludinssilanioaninainuuwaniing
VOGN Y = gx H seninmiadiuazniiesnyeiiae Weswinaugyds nalaase

&n (Hydraulic Losses) Z, wazldmdiiudsioluil
H,=H-Z2, (22)

LI

Adsiildvastaioedosnindamilddiludadidwiniu (pxex HxQ) weswwn

L Qr

Secondary losses N9aNRAREN1A3 (Power Balance) ﬁw%’uﬁ'\iﬁuﬁ\‘igﬂﬁ 2.16 digteid
ngH = p + ng(l - nh )Q + ng(Qsp + QF) + Z PRR + Pm + Per (23)
st

meneRewdenuiladily wasmenfewdsrufoonudunasumuesiddild P,

angadeviavuaussneumennugaidelanseiin nsiilua (Leakage) usudaaniugaau
. . . . . = ‘;! (Y =

(Disk Friction) uag Aymgyidsainadumila (Friction Losses) Wndiulunssduindouly

= o o W g ¥ @ |

wwaunu augadenndleasedin waz mssilvaszanmias Aldunrduvasludn (@unsi

24)

PeQH = (M,Q-Qy +Qe) =P+ 2 P + 2 Py +P, +P,, (24)
st
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24 @/ =

welilamduwanszdeninauggidedeminusadeamnuiinm uaz aruggidoniina

=2 A 2 a &
pONMALUENNTTUTEENE MNALWAN R il
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b el

=gl

A

Leakages P, = pyg {Q,, 10}

Hydravlic losses P, = p g TLQ¢L- 0.}

=l W v e
JUW 2.16 mMIisuaanasuIDINgiY [15]

21 = g A o 2 1 = =5 o
2.2.4 nqilﬁaﬂlﬂﬁa\‘]gUuqlwaﬁJ']W']Lﬂutﬂiﬁ]qﬁ‘Uu'lLUUULL5QLWQHQ“u@UﬁququLLUU
99U
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Arthur Williams [1 6] 1‘1Jﬂ'1'§L§E)ﬂLﬂ‘i?NQ‘LI‘L!’]LL‘U‘U‘VTE]EJI‘?NEJ’]ELWLﬂuﬂﬂﬁuﬂﬂ’lﬁumﬂ’ﬂﬂL%’JiE]U

2 e 4 ar L2 1 s ED} (=] Qr ur @ L)
Wwenity Ineldaunistaduaunisanuduiudszninesnsnisiravesirdmsuiaiy fu

] = d 'D‘ ar ’B} o ar dl Io) A 1 =
UssanSnwgeanveainiasguil wagdasimilnavasidmiuesosguinfidszansaw

@Jﬁﬁﬁ
— QbCP
Ql - 08
nmax (26)
-
Toedl
7 e oS 4 ¥
313 ‘I.J3uﬂﬂﬁﬂ’1W§ﬁ§ﬂﬂﬂ\3Lﬂ'§@\1€jUUﬂ

= o) g -] s L2 LY 3
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wagaunsmmdniudszieiihdmiuiaiu fulsedninmgegavenedes

guihuaginiuasesguimAUsEanE A wgEm

H = Hbep
1 12
T]max (27)
=
lneh
]7 ) o e = s
AB UTZanBAWENZRATOUATIGUU
e fe vnbdwduiady (m)
H, o ¥

o i lol :J 1 - o=
e fie WnhwusdeTedguianiA sEAVEn MEsER (M)

2.2.5 nMaiuieausinuslaeiswasansveslvailisaiuin (Computational Fluid

Dynamics)

N3l waatanuoalwactiaruan (Computational Fluid Dynamics) ladiunuin
Fnntudwiueiesinanasen e destusedivaliiesiiuanuzveanaiio
fw losananuinwimeiiussdouitidsiiatuayamansovesneuinmes s
aenuuvluiadimiuiadosguiuuuusawios Tuilagtuldiinnsinssilagldaunis 30-
Reynolds Averaging Navier Stokes fildviunsaussauzaasluiagiaviin aansednses
wazviunsaussouzaadluiatasaiasauisuusaies deuinisrdnlieueie T
lusiniiuniinseiusznausiedoyaildlunisesniuy wu sasnislua seuau uasa
1h i uiunsunsenuuuasliguinmedluin ushuninsedfeiiwamans
voslnatdarudu %aﬁam%umauwé’nq Tnetumauusnidunisaireiunmduivdiu
svndindeasiivuindn (Mesh) vulawu (Domain) viatesseuinniuiivesivalvesiu
wosluiinfieanuuy tuseufiasndunissimuaieulefiugunazideulvvsuivalifu
wusassftedrstunufiuiudumnadaiouiesnds Funeugniediunisdnam
wadwidnaquazuananadwiildainasdmaaiiont Jedeniedninasagiiinade
aussouzyealuWa (Post-Processing) Waninn1sldnarmansvealvadesdiuim o
Usznausiedeyariieg [uiinams (Head Rise) Armdumu (Total Pressure) wazammy
afin (Static Pressure) tudu uazdildoyaewmzqaiifléawnsoilvinssvideld dwmsy

AAMHULTeD AN TIEN DY HaAdRs TRl al AU WU AN lARINN1STATIZYiAN
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Yo vnamgud (Theoretical Head) fuAnildvaasanisiiamauliwiueu (Uncertainty)
t1-1.5%
-3 s a o
2.2.5.1 fugrunenfuwasmansveslvaidsinuimn

aunsAnaidetunamanivadivaileglusy Partial Differential tu
AUMD9 NNI9a Ty wagndanu Ssnnsfasudaunamarivhlfenuandenan
1nn JandneulnensuszinasheiEmsmeines Tagldanusderlesweeluguuesgaiitiu
$aulddasonin msuddlassadeeenidududiugen vilvaunis Partial  Differential
annsadnaglusuvesaumsnisiivada (Algebraic Equation) 1¢f Fsanansaudaunising

pfuARNmaTT e lUNIAUI
JumpunIUIENauAEnarmiansuadlnalgsd Ul
- Pre-Processing: 1iludunauniifisligm aunmsaivsesioulvwouton

- Solving: Wudumountsufaunismafivadindeisnismeiuay  (Numerical) Tnzande

paURwass U s AU
- Post-Processing: HAAHSTLAIINNTUAINNTT NITIAT IR NDURAZNITLERINE
2.2.5.2 wuvdnapamnsatinmeans

aunInugudmivvedluadadbilalunisiva 3 Gfvasnsivauuulyd

ashaunsmilvadeiioaazaunisluandy Tunseusdamyu (Rotating Frame) Weuld

il

4 Op
AUNITNITHDLLUDY §+ V-(pU)=0 (28)
AUNTTIULIUAL %%Jrv {(PUxU) =V (—p8+p (VU +(VU) N +8S,, (29)
e

U A8 namaiaius)
x A8 Vector Cross Product
p fla Anusu

P 7D ATUNUINLY
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879 Identity Matrix 58 Kronecker Symbol

S, =Source Term

P
nsauBumBAILTIA Q wavel Corolisuazusadngaudnans

(Centripetal Force) agnaisitluluaunisdaiu

Source Term Sy = —p[2Qx U+ Qx (Qx )] (30)

] _)dl .
Weo  rfAe nawesuassses
wuusasansiuasvutiutiu k- & (k- & turbulence model)

Twaumsluudyl u_, fw Effective Viscosity Coefficient fuvinfiu Molecular

Viscosity, LL323fiU Turbulent Viscosity, H,

Mo = Mot I, (31)
mwes Turbulent Viscosity, p, lanauduiusves Turbulent Kinetic Energy uag
Turbulent Dissipation Rate fay

k
lJ’t =Cpp.—2' (32)
g

ik A9 Turbulent Kinetic Energy
g Ao Turbulent Dissipation Rate

=) . ld ] ar
c Ao ANy 0.09

n

Awee k uaz ¢ ldonaunsniualasadmiu Turbulent Kinetic Energy wag Turbulent
Dissipation Rate

opk

_gt +V - (puk) = V-l:(ul +hJVk:|+pk - pe (33)

Oy

wor PEv.(oue)= V|| + B Ve |+ E(C, p ~C, pE) (34)
ot c k

€
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Amafl C, =144, C,, =192, o, =1.0,0, =13

1 =5

Aedp, Ao Navaamilnanvuiiuliuilasnarumilanazissassdn Tunsdinislvanuy

it Qs

damaluleuaglidilstawseasusn wlaanaunis
2
P =i VU (VU+ VU =29 - UGV U +pk) (35)

Heaunsi (28), (29), (33) uaz (34) Lﬂunduaumsmmu Nontinear Partial Differential

dufunisiedauiivasvedlva

wisdimaslun smaNsTauzannsamilaan

1
O (36)
Win
-3 2
U Wia = —2(P2$la1ic "‘Pls(alic) (37)
B,
o
Wie
n,  #Ae UszAnsawlansedn
= A L2
Wia A2 INBRR0U9IAMNAUTIN
W PO WIRAEYMNINIINMGEY)
P A9 avssiysuivmadivesiuin
P, A8 ANURUTIMHINsRanvadlurin
u, Av AITwEURAVNeEEN
uc,, uc 2gH
Loy Yy = 2 ——— J: - (38
u, 4 U,
-
Wie

& ar = o o o
¢, Ao anuddyailuirmrmuimeuveduiniiniadn

u

=y ar - s a]
¢y, ABAMSIENYsAIlUAirsaudveuradluinfinisesn

2

H, f8 Hinimeud
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(1). msvfuudaaelusin (mpeller tips) TlFamlngldqgafnatsves
aamunluiaugeduiadilfa @ suarda et al. [10) wuinsyfuusadareludadena
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Arunazannisatuthuniolulude yilduszansnwaziiumu
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@).fivluiindwiuuusimmanislua (Splitter blade) Tumanguihi

o o = = awa s A 1a e o v & oo
Iavihgluinasiinsivanuuiuitey wilumelfoftfegfaiuluiaviniunasiimsina

wuuTuay drueghianluinesnuiasinansseninteduinsedintsivawuutut

'Q: at o s ar = gu’ 1 1 1 ar hed A lh' l&’ ‘!I @l or
msiluindwiulSuiirmenislnaveaisswidesinduia dagun 3.2 ssfuiuiiduda

ganifuluievinliiiinisvawuusiuTaunnndu Usgansninwid e fazundudsmunu

3
L1

U

i

3.2 myisluindmsuuiufiermanising (Splitter blade) [5]
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madeniaiiniiwhlagiivedmuslumsideniaiasguuriienld
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=¢ ¥ i T Y = [ = o 1y < o
iwsasguinuuneslanldluiviuninuinnuiseudvaiu lasldaumsdaduanns
amuduRusszrIdasinsivavenhidmivieiu dulszaniangeaaveaniesgui way
[y H o = ¥ odo o o =
dnsmsluarenhdmiviaiosguihnadssaninwgeganinaunish (2.26) uag (2.27) Tu
o, = H ¥ | - 5 A a oy '
unii2 Jeashunlddnnatuasesguinidenmimanzauviel
v O oMY oy o H oo e ' o
muumlmw'lmiLaaﬂm‘smqumwaasﬂm #vie Calpeda 3u N4 65/200 »9
= o = o =4 o =
3U13.3 lasiluewesliiwilsnihanua 1l 380 V aud 50 Hz vun2.7 hp vihaud
= e S = o ¥ ot -
AIEI50U 1450 rpm @adiAndsednininasand 0.76 1911 10 m wazdnsinisivan
3
0.0139 m /s

5Ufl 3.3 infasgquihdie Calpeda §u Nd 65/200 [16]
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