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ABSTRACT
Small H\dro poZer can be seen as a Wrend in Whe recenW Wimes. The difficXlWies associaWed ZiWh Whe seWXp

of conYenWional h\dro poZer s\sWems can be significanWl\ compensaWed b\ Whe XWili]aWion of Whe

h\drokineWic Wechnolog\. H\drokineWic WXrbines Wransform Whe kineWic energ\ of floZing ZaWer inWo

elecWric poZer. This projecW deals ZiWh Whe sWXd\ of one sXch class of h\drokineWic WXrbines namel\ Whe

SaYoniXs H\drokineWic roWors. The SHKT is a drag based doXble S-shape bladed WXrbine alWhoXgh noW

ideal for poZer generaWion can prodXce elecWriciW\ in Whe sWrongesW floZs ZiWhoXW incXrring damage and

operaWing qXieWl\. Besides Whe\ are loZ cosW WXrbines Zhich XWili]e Whe naWXral floZ of ZaWer and do noW

caXse harm Wo Whe enYironmenW. The aim of Whis projecW is Wo anal\]e Whe performance of a SaYoniXs

roWor in free and resWricWed floZs and Wo sWXd\ Whe effecW of deflecWor plaWes on Whe XpsWream side leYel of

Whe WXrbine and also Wo opWimi]e Whe posiWion and inclinaWion of deflecWor plaWe shielding Whe reWXrning

blade of Whe WXrbine. The CFD simXlaWions Zere carried oXW WhroXgh Whe ANSYS-CFX modXle Zherein

Whe 3D geomeWr\ of roWor’s blades haYe been deYeloped WhroXgh Whe Ans\s Design Modeller. A WransienW

blade roZ model Xsing Whe k-ε WXrbXlence model ZiWh mediXm WXrbXlenW inWensiW\ Zas chosen for Whe

pre-processing and Whe necessar\ boXndar\ condiWions sXch as inleW YelociW\, e[iW sWaWic pressXre and no

slip Zall Zere giYen Wo Whe meshed domains of roWor and Whe ZaWer channel and Zere sXbseqXenWl\

iniWiali]ed. ImporWanW floZ parameWers sXch as YelociW\, pressXre, WXrbXlence kineWic energ\ and

sWreamlines haYe been capWXred b\ Whe YarioXs conWoXr ploWs Zhich helped Wo calcXlaWe performance

parameWers sXch as WorqXe, coefficienW of WorqXe and coefficienW of poZer. In order Wo gaXge Whe

performance and YalidaWe Whe resXlWs, simXlaWions Zere carried oXW considering Whe same speed of Whe

roWor and Zere compared ZiWh Whe e[perimenWal resXlWs of Kailash Golecha eW. al. The effecW of deflecWor

plaWes shoZs an increase in iWs coefficienW of poZer (Cp) from 0.23 Wo 0.27 Zhich WhXs confirms Wo a

significanW improYemenW in Whe roWor’s performance. Also Whe simXlaWion YalidaWes Whe performance of

Whe roWor aW YarioXs angles of Whe deflecWor plaWes and confirms Wo accoXnW for a ma[imXm coefficienW of

performance of 0.21 aW an angle of 101� as obWained b\ Kailash Golecha eW.al, WhXs indicaWing an

improYed performance in Whe Zorking of Whe SaYoniXs roWor.



iY

ACKNOWLEDGEMENT

I ZoXld like Wo e[press m\ deepesW graWiWXde Wo m\ sXperYisor, Dr. RAJ KUMAR SINGH for his

e[cellenW gXidance, caring, paWience, and proYiding me ZiWh an e[cellenW aWmosphere for doing

research. YoXr adYice on boWh research as Zell as on m\ career haYe been priceless. The opporWXniW\,

sXpporW, e[posXre and aWmosphere proYided b\ Whe Delhi Technological UniYersiW\, Wo carr\ oXW m\

sWXdies are highl\ appreciaWed.

Aspecial debW of graWiWXde is oZed Wo Whe aXWhors ZhoseZorks I haYe consXlWed and qXoWed in Whis Zork.

LasW bXW noW leasW, I am foreYer graWefXl Wo m\ parenWs, famil\ and friends for Wheir XncondiWional

sXpporW and besW Zishes.



Y

LIST OF FIGURES

FIGURE PAGE No.

FigXre 1.1 SWrXcWXre of poZer generaWion 5

FigXre 3.1 Hori]onWal A[is H\drokineWic WXrbine 15

FigXre 3.2 VerWical A[is H\drokineWic WXrbine 15

FigXre 3.3 ClassificaWion of H\drokineWic WXrbines 16

FigXre 3.4 DarrieXs WXrbine 17

FigXre 3.5 SqXirrel cage TXrbine 17

FigXre 3.6 H-darrieXs TXrbine 18

FigXre 3.7 GorloY TXrbine 18

FigXre 3.8 SaYoniXs TXrbine 19

FigXre 3.9 In-plane a[is roWor 19

FigXre 3.10 Inclined a[is roWor 20

FigXre 3.11 H\drokineWic Technolog\ 20

FigXre 5.1 IllXsWraWion of 2-bladed saYoniXs roWor. 23

FigXre 5.2 OYerlapping in saYoniXs roWor 24

FigXre 5.3 Blade Arc Angle of saYoniXs roWor 25

FigXre 5.4 Single, TZo and Three SWage SaYoniXs roWor 26

FigXre 5.5 NXmber of Blades in a saYoniXs roWor 27

FigXre 5.6 IllXsWraWion of AXgmenWaWion in ZaWer channel 27

FigXre 5.7 NomenclaWXre of SaYoniXs roWor 28

FigXre 5.8 CAD model of TXrbine 29

FigXre 5.9 CAD model of Frame 30

FigXre 5.10 CAD Assembl\ model of WXrbine and iWs frame. 31

FigXre 5.11 3D model of TXrbine 32

FigXre 5.12 3D model of Frame 32

FigXre 5.13 3D model of TXrbine Assembl\ 33

FigXre 6.1 CreaWion of roWor geomeWr\ and iWs enclosXre 35



Yi

FigXre 6.2 E[WrXsion in Whe blade geomeWr\ 35

FigXre 6.3 CreaWion of SWaWor geomeWr\ 36

FigXre 6.4 Mesh profile of roWor 37

FigXre 6.5 Mesh profile of SWaWor ZiWh roWor’s caYiW\ 38

FigXre 6.6 Meshing in sWaWor geomeWr\ 38

FigXre 6.7 CreaWion of RoWor domain 40

FigXre 6.8 TransienW Blade FloZ anal\sis 41

FigXre 6.9 InWerfacing of roWor and sWaWor domains 41

FigXre 6.10 IniWiali]aWion of RoWor 42

FigXre 6.11 IniWiali]aWion of SWaWor 43

FigXre 6.12 OXWline of CFX-PRE 43

FigXre 6.13 VelociW\ SWreamline 44

FigXre 6.14 VelociW\ ConWoXr in Whe Z-direcWion 44

FigXre 6.15 ToWal VelociW\ DisWribXWion 45

FigXre 6.16 PressXre DisWribXWion 45

FigXre 6.17 TXrbXlence KineWic Energ\. 46

FigXre 6.18 SXmmar\ of CFD 6.1 Anal\sis 46

FigXre 6.19 CreaWion of deflecWor plaWes in Whe floZ paWh of sWaWor 47

FigXre 6.20 Grid generaWion of sWaWor ZiWh deflecWor plaWes 48

FigXre 6.21 ResolXWion of Grid 49

FigXre 6.22 CreaWion of domain 50

FigXre 6.23 IniWiali]aWion of domain 51

FigXre 6.24 VelociW\ SWreamline 52

FigXre 6.25 Side VieZ of SWreamline 52

FigXre 6.26 ToWal VelociW\ DisWribXWion 53

FigXre 6.27 VelociW\ DisWribXWion in Z-direcWion 53

FigXre 6.28 PressXre DisWribXWion 54

FigXre 6.29 SXmmar\ of CFD 6.2 Anal\sis 54

FigXre 6.30 RoWor geomeWr\ 55



Yii

FigXre 6.31 SWaWor geomeWr\ ZiWh deflecWor plaWes 55

FigXre 6.32 RoWor’s Mesh 55

FigXre 6.33 SWaWor’s Mesh 55

FigXre 6.34 RoWor Domain 56

FigXre 6.35 SWaWor’s Domain 56

FigXre 6.36 Anal\sis T\pe 57

FigXre 6.37 InWerfacing Whe domains 58

FigXre 6.38 ApplicaWion of BCs 58

FigXre 6.39 IniWiali]aWion of roWor and sWaWor 59

FigXre 6.40 OXWline of CFX-PRE 60

FigXre 6.41 VelociW\ SWreamline 61

FigXre 6.42 VelociW\ SWreamline in SWaWionar\ frame 61

FigXre 6.43 ToWal VelociW\ DisWribXWion 62

FigXre 6.44 VelociW\ DisWribXWion in Z-DirecWion 62

FigXre 6.45 PressXre DisWribXWion 63

FigXre 6.46 TXrbXlence KineWic Energ\ conWoXr 63

FigXre 6.47 SXmmar\ of CFD 6.3 Anal\sis 64

FigXre 8.1 SaYoniXs roWor ZiWh deflecWor plaWe shielding reWXrning blade 66

FigXre 8.2 VarioXs angXlar posiWions of deflecWor plaWes in Whe closed ZaWer channel 66

FigXre 8.3 VelociW\ disWribXWion aW β = 90� 68

FigXre 8.4 VelociW\ disWribXWion aW β = 101� 68

FigXre 8.5 VelociW\ disWribXWion aW β = 137� 68

FigXre 8.6 VelociW\ disWribXWion aW β = 44� 68

FigXre 8.7 VelociW\ disWribXWion aW β = 159� 68



Yiii

LIST OFTABLES

TABLE PAGE No.

Table 5.1: Design ParameWers (CAD model in SolidZorks) 28

Table 6.1: Design ParameWers (Ans\s Design Modeller) 34

Table 6.2: OWher ParameWers 36

Table 6.3 Si]ing inYolYed in mesh generaWion 37

Table 6.4 Mesh CreaWion 37

Table 6.5 Mesh SWaWisWics 38

Table 6.6 Mesh generaWion 39

Table 6.7 Si]ing inYolYed in mesh generaWion 39

Table 6.8 DeWails of EnclosXre 48

Table 6.9 Mesh Si]ing opWions 49

Table 6.10 Mesh SWaWisWics 50

Table 8.1 CriWeria for posiWioning of deflecWor plaWe 67

Table 8.2 BoXndar\ CondiWions & IniWial CondiWions 67

Table 9.1 Comparison of Whe performance of roWor ZiWh and ZiWhoXW Whe presence
of deflecWor plaWes in Whe channel ZiWh a floZ of Re 1.32 [ 105

69

Table 9.2 Comparison beWZeen simXlaWed and e[perimenWal resXlWs Wo find oXW Whe
opWimi]ed plaWe angle

69



i[

NOMENCLATURE

ȡ DensiW\ of ZaWer (1000kg/m3)

ȝ D\namic ViscosiW\ (Pa.s)

Ψ Blade Arc Angle (Degrees)

A SZepW area of roWor (mm2)

D DiameWer of roWor (mm)

ds DiameWer of ShafW (mm)

d DiameWer of blade (mm)

r RadiXs of blade (mm)

R RadiXs of Whe roWor (mm)

H HeighW of Blade (mm)

H� HeighW of enclosXre (mm)

D� DiameWer of enclosXre (mm)

T TorqXe (N-m)

TacW TorqXe ObWained (N-m)

Y VelociW\ of flXid (m/s)

U Free sWream YelociW\ (m/s)

V1, V2 UpsWream and DoZnsWream VelociWies (m/s)

PshafW = PacW PoZer ProdXced (WaWW)

PinpXW H\drokineWic Energ\ (WaWW)

PWh TheoreWical poZer (WaWW)



[

Ȧ AngXlar YelociW\ (rad/s)

HZ HeighW of ZaWer Channel (mm)

W WidWh of ZaWer Channel (mm)

N AngXlar VelociW\ (RPM)

W Blade Whickness (mm)

e LengWh of oYerlap (mm)

Ș Efficienc\ of TXrbine

ε Epsilon

CT CoefficienW of TorqXe

Cp CoefficienW of PoZer

C CelsiXs

α AspecW RaWio

β OYerlap RaWio

B Blockage RaWio

Ȝ Tip Speed raWio

Re Re\nold’s NXmber



TABLE OFCONTENTS

S.No. TITLE PAGE No.

1. CDQGLGDWH DHFODUDWLRQ L

2. CHUWLILFDWLRQ LL

3. AEVWUDFW LLL

4. AFNQRZOHGJHPHQW LY

5. LLVW RI FLJXUHV Y

6. LLVW RI 7DEOHV YLLL

7. NRPHQFODWXUH L[

8. CKDSWHU 1: IQWURGXFWLRQ

1.1 NHHG IRU RHQHZDEOH H\GUR PRZHU

1.2 AUHDV RI DSSOLFDWLRQ RI 6DYRQLXV URWRU

1.3 BHQHILWV RI PMM6

(1 - 7)

1

4

5

9. CKDSWHU 2: LLWHUDWXUH RHYLHZ

2.1 RHVHDUFK GDS

(8 - 13)

13

10. CKDSWHU 3: AQ OYHUYLHZ RQ H\GURNLQHWLF 7XUELQHV

3.1 IQWURGXFWLRQ WR HK7V

3.2 CODVVLILFDWLRQ RI HK7V

3.3 AGYDQWDJHV & DLVDGYDQWDJHV RI D[LDO DQG FURVV IORZ

WXUELQHV

(14 - 21)

14

15

21

11. CKDSWHU 4: PURMHFW OEMHFWLYHV DQG :RUN PODQ

4.1 PUREOHP DHILQLWLRQ

4.2 MHWKRGRORJ\

(22 - 22)

22

22



12. CKDSWHU 5: DHVLJQ RI 6DYRQLXV K\GURNLQHWLF WXUELQH.

5.1 6DYRQLXV RRWRU

5.2 DHVLJQ PDUDPHWHUV

5.3 CAD MRGHOLQJ RI 6DYRQLXV HK7

(23 - 33)

23

24

28

13. CKDSWHU 6: CFD AQDO\VLV RI 6DYRQLXV URWRU

6.1 CFD AQDO\VLV RI RRWRU DQG 6WDWRU

6.2 CFD AQDO\VLV RI 6WDWRU ZLWK GHIOHFWRU PODWHV LQ LWV

CKDQQHO

6.3 CFD AQDO\VLV RI RRWRU DQG 6WDWRU ZLWK 6WDWLRQDU\

DHIOHFWRU BODGHV

(34 - 64)

34

47

55

14. CKDSWHU 7: CDOFXODWLRQV (65 - 65)

15. CKDSWHU 8: OSWLPL]DWLRQ RI PRVLWLRQ RI DHIOHFWRU PODWHV (66 - 68)

16. CKDSWHU 9: RHVXOWV (69 - 69)

17. CKDSWHU 10: CRQFOXVLRQ (70 - 70)

18. RHIHUHQFHV (71 - 74)



1

CHA37E5 1: IN75OD8C7ION

1.1 NEED FO5 5ENE:ABLE H<D5O 3O:E5

IQ Whe UeceQW WiPeV iW caQ be RbVeUYed WhaW Whe gURZiQg SRSXlaWiRQ, Whe adYaQciQg dePaQdV,

Whe VSUiQgiQg deYelRSPeQWV aQd Whe iQWeQVe cRPSeWiWiRQ aUiViQg beWZeeQ iQdiYidXalV aQd

cRXQWUieV aUe leadiQg WR facWiWiRXV VRShiVWicaWiRQ aW Whe cRVW Rf QaWXUe. The UeckleVV XWili]aWiRQ

aQd RYeU e[SlRiWaWiRQ Rf QaWXUal UeVRXUceV, VeUiRXVl\ lackiQg Whe cRQceUQ fRU Whe fRUWhcRPiQg

geQeUaWiRQV aQd Whe healWh Rf RXU SlaQeW e[SlaiQV Whe gUaYeQeVV Rf Whe SUeVeQW ViWXaWiRQ. The

e[iVWiQg dePaQd fRU fRVVil fXelV aQd WheiU XWili]aWiRQ iV faVW deSleWiQg Whe UeVeUYeV WhaW RQce

WRRk PilliRQV Rf \eaUV WR aggUegaWe. AlVR, Whe ePiVViRQV iQYRlYed iQ Whe Whe cRPbXVWiRQ Rf

WheVe fXelV haYe iPSacWed aQd abXQdaQWl\ cRQWUibXWed WR Whe glRbal cliPaWe chaQge. TheUefRUe,

a Qeed aUiVeV WR XWili]e alWeUQaWe, ecR-fUieQdl\, UeQeZable aQd cleaQ eQeUg\ UeVRXUceV Zhich

caQ VRlYe Whe e[iVWiQg eQeUg\ cUiViV WR VRPe e[WeQW.

APRQg Whe YaUiRXV UeQeZable eQeUg\ VRXUceV VXch aV VRlaU, ZiQd, Widal, geRWheUPal,

RceaQ-WheUPal, biR aQd h\dUR fRUPV, H\dURelecWUiciW\ iV RfWeQ cRQVideUed Whe beVW VXVWaiQable

alWeUQaWiYe. BXW Whe cRQVWUXcWiRQ Rf PaVViYe Pega SRZeUed h\dUR SURjecWV haV VRPe iQWUiQVic

SURblePV VXch aV diVSlacePeQW Rf lRcal cRPPXQiWieV, VXbPeUgeQce Rf laQd aQd lRVV Rf

biRdiYeUViW\ eWc,. WhXV QeceVViWaWiQg Whe Qeed fRU VPall-Vcale h\dURSRZeU geQeUaWiRQ. NeaUl\

33 SeUceQW Rf Whe ZRUld’V SRSXlaWiRQ iV liYiQg ZiWhRXW elecWUiciW\ iQ UXUal aQd UePRWe aUeaV

alWhRXgh WheVe SlaceV haYe Whe acceVV WR flRZiQg ZaWeU ZiWh liWWle RU ]eUR head. ThXV

XWili]aWiRQ Rf WheVe PiQiPaliVWic, iQe[haXVWible \eW XQWaSSed UeVRXUceV caQ UedXce Whe bXUdeQ

RQ Whe cRQVXPSWiRQ Rf Whe cRQYeQWiRQal fXelV iQ SRZeU geQeUaWiRQ iQ addiWiRQ WR eQVXUiQg

WheVe lRcaWiRQV WR be cRQQecWed WR Whe SRZeU gUid.

IQ accRUdaQce WR Whe abRYe facWV, aQ iQYeQWiRQ iQ Whe eaUl\ 1920V b\ SigXUd JRhaQQeV

SaYRQiXV Rf FiQlaQd cRPeV iQWR Whe liPe-lighW: SaYRQiXV TXUbiQe. The VaYRQiXV WXUbiQe iV a

dUag-baVed WXUbiQe ZhRVe RSeUaWiRQ iV ViPilaU WR a cXS aQePRPeWeU aVVePbl\. IW iV aQ S-

ShaSed WXUbiQe cRPSUiViQg Rf aQ aVVePbl\ Rf WZR cXW halYeV Rf a hRllRZ c\liQdUical VecWiRQ

Zhich Pake iWV bladeV Zhich caQ be VWUaighW RU VkeZed aQd URWaWe ZheQ Whe iQcideQW flXid

VWUikeV WheP. EaUlieU WhiV WXUbiQe ZaV RQl\ fRU ZiQd-SRZeU geQeUaWiRQ, bXW UeVeaUch SURYeV

WhaW WheVe WXUbiQeV geQeUaWe PRUe SRZeU iQ WheiU h\dUR-XVe becaXVe Rf Whe high SRZeU deQViW\

Rf ZaWeU. HeQce WheVe ‘H\dURelecWUic WXUbiQeV’ alWhRXgh QRW ideal fRU SRZeU geQeUaWiRQ caQ

SURdXce elecWUiciW\ iQ Whe VWURQgeVW flRZV ZiWhRXW iQcXUUiQg daPage aQd RSeUaWiQg TXieWl\.
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HKTV iV a claVV Rf SRZeU geQeUaWiQg WechQRlRgieV Zhich XVeV kiQeWic eQeUg\ Rf Whe flRZiQg

ZaWeU ZiWh PiQiPal YelRciW\ aQd lRZ head, WhXV haYiQg Whe defiQiWiRQ Rf ZeUR Head RU

IQVWUeaP TXUbiQeV.

SRPe Rf Whe gUeaWeVW adYaQWageV Rf HKTV iQclXde ViPSle deVigQ, eaV\ PaQXfacWXUiQg,

Vafe PRXQWiQg aQd Whe cRVWV iQcXUUed aUe YeU\ leVV. BXW Whe ke\ baUUieU iQ WheiU XVe iV Whe lack

Rf adeTXaWe UeVeaUch aQd XQaZaUeQeVV Rf iWV WechQical, ecRQRPical aQd eQYiURQPeQWal

beQefiWV. The\ haYe a lRZ cRefficieQW Rf SRZeU ZheQ cRPSaUed WR DaUUieXV WXUbiQeV Zhich iV

PaiQl\ dXe WR lRZ RPM iQ VSiWe Rf haYiQg a high WRUTXe YalXe. TheiU efficieQc\ iV PeUe 27%

i.e,. RQl\ 27 SeUceQW Rf Whe WRWal H\dUR-KiQeWic eQeUg\ Rf Whe ZaWeU hiWWiQg Whe URWRU iV

cRQYeUWed iQWR URWaWiRQal PechaQical eQeUg\.

The ZRUkiQg SUiQciSle Rf SaYRQiXV HKTV iV baVed RQ Whe diffeUeQce Rf dUag fRUce

beWZeeQ cRQcaYe aQd cRQYe[ SaUWV Rf Whe URWRU bladeV ZheQ Whe\ URWaWe aURXQd a YeUWical VhafW

aV Whe back Rf Whe bladeV e[SeUieQce PXch leVV dUag iQ cRPSaUiVRQ WR Whe fURQW,faciQg Whe

flXid. ThXV Whe fRUce e[eUWed RQ Whe cRQcaYe Vide iV PRUe WhaQ WhaW Rf Whe cRQYe[ Vide Rf Whe

bladeV.

HKTV aUe SURPiQeQWl\ Rf WZR W\SeV - a[ial flRZ aQd cURVV flRZ WXUbiQeV. A[ial flRZ

WXUbiQeV aUe WhRVe WXUbiQeV ZhRVe URWaWiRQal a[iV Rf Whe URWRU iV SaUallel WR Whe iQcRPiQg ZaWeU

VWUeaP, ZheUeaV cURVV flRZ WXUbiQeV haYe WheiU URWaWiRQal a[iV Rf WheiU URWRU SaUallel WR Whe

ZaWeU VXUface bXW RUWhRgRQal WR Whe iQcRPiQg ZaWeU VWUeaP. The adYaQWage Rf cURVV flRZ

WXUbiQe iV WhaW Whe\ caQ URWaWe XQidiUecWiRQall\ eYeQ ZheQ Whe flRZ iV bidiUecWiRQal. The\ aUe

fXUWheU claVVified iQWR WZR W\SeV QaPel\ YeUWical a[iV aQd iQSlaQe a[iV WXUbiQeV

VeUWical a[iV PeaQV a[iV iV YeUWical WR Whe ZaWeU SlaQe. H-DaUUieXV, STXiUUel Cage DaUUieXV,

GRUlRY, VaYRQiXV aUe VRPe Rf Whe e[aPSleV Rf YeUWical a[iV WXUbiQeV.

The PaiQ dUaZbackV aVVRciaWed ZiWh WheVe WXUbiQeV aUe: lRZ VWaUWiQg WRUTXe, WRUTXe UiSSle aQd

lRZeU efficieQc\. The\ WXUbiQeV Pa\ QRW be Velf VWaUWiQg aQd WheUefRU VRPe kiQd Rf e[WeUQal

VWaUWiQg PechaQiVPV Qeed WR be adRSWed.

IQ- SlaQe a[iV PeaQV a[iV RQ Whe hRUi]RQWal SlaQe Rf Whe ZaWeU VXUface. The\ aUe alVR called aV

flRaWiQg ZaWeU ZheelV. The\ aUe dUag-baVed WXUbiQeV aQd leVV efficieQW WhaQ WheiU lifW baVed

cRXQWeUSaUWV. The\ aUe Velf VWaUWiQg aQd QR iVVXe Rf VWaUW XS. BXW WheiU PaiQ diVadYaQWage iV

Whe\ aUe QRW ecRQRPical.
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SRPe Rf Whe aUeaV Rf aSSlicaWiRQV Rf WheVe h\dURkiQeWic deYiceV iQclXde VRPe hRXVehRld XVeV

VXch aV RSeUaWiQg ZaWeU SXPSV, chaUgiQg baWWeUieV, lighWiQg hRPeV; agUicXlWXUal XVeV VXch aV

iUUigaWiRQ, aQd Whe\ caQ alVR be XVed WR SRZeU WelecRPPXQicaWiRQV aQd RWheU lRZ SRZeU

XWiliWieV Zhich caQ XWili]e WhiV fRUP Rf elecWUiciW\.

IQ WhiV SURjecW Ze haYe cRQVideUed a VeUWical A[iV SaYRQiXV H\dURkiQeWic WXUbiQe ZhRVe

WhUee diPeQViRQal cRPSXWaWiRQal PRdel haV beeQ deYelRSed fRU ViPXlaWiQg iWV SeUfRUPaQce.

The QXPeUical ViPXlaWiRQ haV beeQ dRQe XViQg Whe Ueali]able k-ε WXUbXleQce PRdel aQ Whe

VRlXWiRQ Rf WUaQVSRUW eTXaWiRQV ZeUe dRQe XViQg Whe cRPPeUciall\ aYailable ANSYS CFX

(YR19.0) Zhich XVeV fiQiWe YRlXPe PeWhRd (FVM) WR deVcUibe Whe flRZ field.

The flRZ field iV VWXdied ZiWh Whe helS Rf YelRciW\ cRQWRXUV aQd SUeVVXUe cRQWRXUV. The

SaWWeUQ Rf YelRciW\ iV RbVeUYed aQd XSRQ iQYeVWigaWiRQ iW iV fRXQd WR be iQ accRUdaQce WR Whe

bRXQdaU\ cRQdiWiRQV. The WiS Rf Whe blade deSicWV a high-VSeed ]RQe aQd ZheQ Whe WXUbiQe

URWaWeV a Zake ]RQe RU a lRZ VSeed ]RQe ZaV fRXQd SUeYailiQg behiQd Whe URWRU bladeV ZhRVe

flRZ YelRciW\ iV decUeaViQg VhaUSl\. TXUbXleQce iV caXVed becaXVe Rf high UaQdRPQeVV Zhich

caQ be RbVeUYed iQ Whe flRZ field RQ Whe UeaU Vide Rf Whe URWRU.

The iQYeVWigaWiRQ SURceedV WR ideQWif\ Whe XSVWUeaP aQd dRZQVWUeaP flRZ cRQdiWiRQV aQd

aiPV WR fiQd RXW abRXW Whe PagQiWXde Rf YelRciW\ YaUiaWiRQ XSRQ Whe iQVWallPeQW Rf Whe VWaWic

deflecWRU SlaWeV acURVV Whe flRZ chaQQel. BaVed RQ Whe abRYe RbVeUYaWiRQV VXiWable

calcXlaWiRQV VXch aV WRUTXe, cRefficieQW Rf WRUTXe aQd cRefficieQW Rf SRZeU aUe calcXlaWed. The

SURjecW alVR cRPSaUeV Whe SeUceQWage iPSURYePeQW RQ Whe SeUfRUPaQce Rf Whe WXUbiQe ZiWh

deflecWRU SlaWeV WR WhaW Rf a WXUbiQe ZiWhRXW WheVe SlaWeV.

FiQall\, Whe RSWiPi]aWiRQ Rf deflecWRU SlaWe aQgle aQd iWV SRViWiRQ ZeUe SeUfRUPed b\ SlaciQg

Whe SlaWeV aW YaUiRXV SRViWiRQV cRUUeVSRQdiQg WR 90�, 101�, 137�, 44� aQd 159� aQd iQdiYidXal

CFD ViPXlaWiRQV ZeUe SeUfRUPed ZhRVe UeVXlWV VXch aV WRUTXe, YelRciW\ cRQWRXUV ZeUe

RbWaiQed fURP Whe SRVW SURceVVRU Zhich ZeUe XWili]ed WR cRPSXWe Whe CRefficieQW Rf WRUTXe

aQd CRefficieQW Rf SRZeU. The UeVXlWV ZeUe VXbVeTXeQWl\ cRPSaUed aQd YalidaWed ZiWh Whe

e[SeUiPeQWal UeVXlWV RbWaiQed b\ KailaVh GRlecha eW.al,.[24][27]
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1.2 A5EA6 OFA33LICA7ION OF6A9ONI86 5O7O5

SPall Vcale VaYRQiXV URWRUV aUe XVed iQ adYeUWiViQg VigQV ZhRVe URWaWiRQ aidV iQ cXVWRPeU

aWWUacWiRQ WRZaUdV Whe SURdXcW beiQg adYeUWiVed.

DXe WR iWV lRZ cRVW aQd UeliabiliW\ facWRUV Whe XVe Rf WhiV URWRU iV fRXQd eYeQ iQ aQePRPeWeUV

ZheUe efficieQc\ Rf Whe WXUbiQe dReV QRW Sla\ aQ\ URle ZheQ PeaVXUiQg Whe ZiQd VSeed.

GeQeUall\ YeUWical a[iV WXUbiQeV aUe effecWiYe iQ SXPSiQg ZaWeU alRQg ZiWh RWheU lRZ VSeed

aQd high WRUTXe aSSlicaWiRQV.

The\ aUe PRVW Zidel\ XVed iQ FleWWQeU URWRUV Zhich aid aV cRRliQg V\VWePV iQ YehicleV VXch aV

bXVeV, WUXckV aQd YaQV Zhich iQdeed iV a gRRd VRXUce Rf YeQWillaWiRQ.

BXW SURPiQeQWl\ Whe\ aUe XVed WR geQeUaWe elecWUiciW\ fURP WideV RU RceaQ cXUUeQWV aQd VWUeaPV

Zhich caQ eiWheU be QaWXUal-UiYeU VWUeaPV RU diYeUWed chaQQelV VXch aV UiYeU caQalV. AlWhRXgh

RceaQ cXUUeQWV aUe XQidiUecWiRQal iQ QaWXUe, iWV YeUVaWile feaWXUe Rf accRPPRdaWiQg eYeQ

bidiUecWiRQal flRZV helSV WR faciliWaWe SRZeU geQeUaWiRQ WhURXgh WideV.

PRZeU SURdXcWiRQ WhURXgh WheVe h\dURkiQeWic WXUbiQeV iV e[WUePel\ helSfXl iQ achieYiQg gUid

cRQQecWiYiW\ becaXVe Whe\ caQ be deSlR\ed aW a laUge Vcale WR dUiYe SRZeU fURP WideV RU UiYeU

VWUeaPV aQd WhiV elecWUiciW\ caQ be XWili]ed WR SRZeU XS VPall YillageV aQd UePRWe ceQWUeV Rf

Whe ZRUld Zhich XVXall\ aUe cRQVideUed WR be VWaQd-alRQe lRadV.

The h\dURkiQeWic WXUbiQeV caQ eYeQ be XVed alRQgVide Whe e[iVWiQg h\dURelecWUic SlaQWV. The

XVed Wail Uace Rf Whe UiYeU VWUeaP fURP WheVe PaVViYe SRZeU SlaQWV caQ be XWili]ed fRU caSaciW\

aXgPeQWaWiRQ WheUeb\ XWili]iQg Whe UeVRXUce aW Whe Pa[iPXP SRVVible leYel fRU accUeWiRQ iQ

Whe RYeUall SRZeU geQeUaWed.

AlVR, RWheU SRWeQWial aUeaV Rf eQd XVe aUe Vea ZaWeU deValiQaWiRQ V\VWePV aQd VSace heaWiQg.
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1.3 BENEFI76 OF86ING 3MM6

H\dURSRZeU iV geQeUall\ claVVified iQWR VPall aQd laUge caWegRUieV. IQdia XS WR 25MW VWaWiRQ

caSaciW\ iV VaQcWiRQed fRU PMMS. PMMS h\dURSRZeU VWaQdV fRU PicR MicUR MediXP aQd

SPall h\dURSRZeU.The elecWUiciW\ dePaQd iQ Whe cRXQWU\ iV e[SecWed WR gURZ aW 10 SeUceQW

SeU aQQXP. WiWh Whe ElecWUiciW\ AcW (2003), ElecWUiciW\ PRlic\ (2005) aQd TaUiff PRlic\

2006/2016) iQ SRVVeVViRQ, Whe cRXQWU\ haV cUeaWed a cRQdXciYe aWPRVSheUe fRU iQYeVWPeQWV iQ

Whe SRZeU VecWRU. IW haV beeQ Ueali]ed WhaW WheUe iV a Qeed WR WaS all SRVVible VRXUceV Rf eQeUg\

WR PeeW WhiV challeQge aQd PMMS iV cRQVideUed aV a Ueliable RSWiRQ fRU gUid iQWeUacWiYe aV

Zell aV deceQWUali]ed SRZeU geQeUaWiRQ.

Fig 1.1. SWUXcWXUe Rf SRZeU geQeUaWiRQ
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TheUe aUe a QXPbeU Rf VRciRecRQRPic aQd eQYiURQPeQWal aVSecWV cRQceUQed ZiWh PMMS

h\dURSRZeU aV iW iV UegaUded aV a ke\ elePeQW Rf VXVWaiQable deYelRSPeQW becaXVe Rf Whe

fRllRZiQg facWRUV:

1. EffecWiYe XWili]aWiRQ Rf ZaWeU UeVRXUceV

WiWhRXW PXch Rf a haUP WR lRcal SRSXlaWiRQ aV WheUe iV QR Qeed fRU VWRUage Rf ZaWeU UeVRXUceV

WhiV WechQRlRg\ aidV iQ XWili]iQg ZaWeU flRZiQg iQ cUeekV, VWUeaPV, caQalV, UiYeUV eWc,.

2. ReQeZable

The ZaWeU Zhich iV beiQg XVed WR geQeUaWe SRZeU iV a UeQeZable VRXUce aQd iV QeYeU

e[haXVWed.

3. CRVW effecWiYe aQd VXVWaiQable

SiQce Whe cRQVWUXcWiRQ aVVRciaWed ZiWh PMMS h\dURSRZeU iV ViPSle ZiWh PiQiPal QXPbeU Rf

RSeUaWiQg SaUWV PakeV iW TXiWe ecRQRPical aQd Whe cRVW aVVRciaWed ZiWh SRZeU SURdXcWiRQ iV

PXch leVVeU WhaQ Whe URXWiQe WhXV eYeQ PakiQg iW VXVWaiQable.

4. Reliable SRZeU VRXUce

ThiV WechQRlRg\ eQVXUeV cRQWiQXRXV VXSSl\ Rf elecWUiciW\ iQ cRPSaUiVRQ WR RWheU VPall

UeQeZable WechQRlRgieV.

5. EfficieQW eQeUg\ VRXUce

OQl\ a VPall flRZ aSSUR[iPaWel\ XS WR 2 feeW high Pa\ be UeTXiUed bXW RQ Whe RWheU haQd Whe

SRZeU SURdXced caQ be WUaQVSRUWed eYeQ WR a Pile aZa\.

6.CRQVeUYaWiRQ Rf fRVVil fXelV

SRPe Rf Whe VcaUe fRVVil fXel cRQVXPSWiRQ caQ be PiQiPi]ed aQd Whe RbjecWiYe Rf “GR

UeQeZable GR elecWUic” caQ be achieYed.

7. LRZ / NIL PRllXWiQg

TheUe iV QR gUeeQ hRXVe gaV ePiVViRQV heUe XQlike fRVVil fXelV WhXV cRQWUibXWiQg WR cleaQ

eQeUg\ aQd VXVWaiQabililW\.

8. DeYelRSPeQW Rf UXUal aQd UePRWe aUeaV

A ZhRleVRPe ecRQRPic aQd VRcial deYelRSPeQW caQ be eQVXUed b\ deSlR\iQg WhiV UeQeZable
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WechQRlRg\ WR UXUal aUeaV aV Zell aV UePRWe aUeaV ViWXaWed iQ difficXlW WeUUaiQV WhXV PakeV iW a

SRZeU fRU deYelRSiQg cRXQWUieV.

9. NR UeVeUYRiU UeTXiUePeQW

PMMS fXQcWiRQV like a ‘UXQ-Rf-UiYeU’ V\VWeP, PeaQiQg WhaW Whe ZaWeU SaVViQg WhURXgh Whe

geQeUaWRU iV diUecWed back iQWR Whe VWUeaP ZiWh UelaWiYel\ liWWle iPSacW RQ Whe VXUURXQdiQg

ecRlRg\.

10. OWheU XVeV

OWheU beQefiWV aUe fRXQd iQ UegiRQV ZheUe VPall SlaQWV aUe iQVWalled, VXch aV iUUigaWiRQ, ZaWeU

VXSSl\, WRXUiVP, fiVheUieV, aQd flRRd SUeYeQWiRQ.
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CHA37E5 2: LI7E5A785E 5E9IE:

The VaYRQiXV h\dURkiQeWic WXUbiQe iV a dUag baVed WXUbiQe ZhRVe RSeUaWiRQ iV ViPilaU WR WhaW Rf

a cXS aQePRPeWeU. IW iV UegaUded aV RQe Rf Whe PRVW SURPiViQg h\dURkiQeWic WechQRlRgieV

RfWeQ XQWaSSed aQd a cleaQ eQeUg\ VRXUce Rf SRZeU SURdXcWiRQ fURP Whe lRZ-head flRZiQg

ZaWeU ZhRVe kiQeWic eQeUg\ iV WUaQVfRUPed iQWR elecWUiciW\.

The SUeVeQW liWeUaWXUe VXUYe\ VhRZV VRPe UeVeaUch SaSeUV Zhich had Whe RbjecWiYe WR PeaVXUe

Whe SeUfRUPaQce Rf SHKT XViQg YaUiRXV iQcliQaWiRQV Rf Whe VeWXS iQ aQ RSeQ chaQQel haYiQg

cRQVWaQW YelRciW\ Rf ZaWeU.

The CS ZaV PeaVXUed fRU diffeUeQW lRad cRQdiWiRQV aQd Whe flRZ chaUacWeUiVWicV ZeUe

deWeUPiQed. TRUTXe aQd SRZeU ZeUe beiQg eVWiPaWed fRU iQcUeaViQg lRad cRQdiWiRQV VWaUWiQg

fURP ]eUR aQd calcXlaWed ZiWh Whe helS Rf a VSUiQg balaQce aUUaQgePeQW aQd WiPe ZaV

calcXlaWed XViQg a VWRS ZaWch.

The iPSRUWaQW cRQclXViRQV Zhich caQ be dUaZQ aUe WhaW WRUTXe aQd SRZeU bRWh iQcUeaVe ZiWh

Whe iQcUeaVe iQ cRefficieQW Rf SRZeU; alVR a UelaWiRQ beWZeeQ lRad YV. SRZeU ZheUe iQ if lRad

iQcUeaVeV SRZeU decUeaVeV aQd aW a SaUWicXlaU aQgle Whe SRZeU UePaiQV XQchaQged iUUeVSecWiYe

Rf Whe lRad.[1]

NRZ Whe Qe[W TXeVWiRQ iV ZhaW haSSeQV ZheQ Whe iQleW YelRciW\ Rf ZaWeU WR Whe WXUbiQe

iV chaQged? ThXV a UeVeaUch ZRUk ZheUe Whe SeUfRUPaQce ZaV aQal\]ed b\ aSSlicaWiRQ Rf

YaU\iQg VSeedV Rf ZaWeU flRZ WhXV cUeaWiQg PXlWiSle cRQdiWRQV.

The ke\ fiQdiQgV ZeUe WhaW if YelRciW\ iQcUeaVeV RPM iQcUeaVeV Rf Whe URWRU WhXV caXViQg aQ

iQcUeaVed h\dUaXlic efficieQc\ aQd higheU PechaQical SRZeU RXWSXW. TheUefRUe aQ iQcUeaVe iQ

YelRciW\ Rf flRZ caXVeV a VXbVWaQWial iQcUeaVe iQ Whe SRZeU SURdXced b\ a URWRU. [2]

SR, dReV iW PeaQ if Ze iQcUeaVe Whe QXPbeU Rf WXUbiQeV Ze caQ haUQeVV PRUe SRZeU? TR

aQVZeU WhiV TXeVWiRQ a ZRUk Rf VcieQWific UeVeaUch SRiQWV RXW WhaW aQ SHKT keeSiQg YelRciW\

aV a cRQVWaQW aQd YaU\iQg Whe VSeed iQ Uad/Vec. IW ZaV RbVeUYed WhaW Whe SRZeU geQeUaWed b\

Whe WXUbiQe iV Pa[iPXP ZheQ fRXU Rf WheP ZeUe XVed aQd CS iV Pa[iPXP ZheQ RQe ZaV

XVed aQd WXUbXleQW iQWeQViW\ UePaiQiQg cRQVWaQW. TheUefRUe, QR deciViYe cRQclXViRQ ZaV Pade.

[3]

HRZeYeU if a WXUbiQe ZaV Pade iQ ceUWaiQ QXPbeU Rf VWageV, dReV iW add WR aQ\ beQefiW? TheUe
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ZeUe WZR PRdelV deYelRSed : MRdel A aQd B ZheUe iQ MRdel A, heUe SHKT ZaV aSSlied

ZiWh WZR VWageV fRU lRZ VSeed RSeUaWiRQV aQd ZheUeaV iQ PRdel B iW ZaV PeUe a ViQgle VWage

WXUbiQe XQdeU ViPilaU RSeUaWiQg cRQdiWiRQV. The ZiQd WXQQel ZaV dUiYeQ b\ aQ iQYeUWeU VSeed

AC PRWRU. MRdel B’V SeUfRUPaQce ZaV beWWeU WhaQ WhaW Rf A ZiWh UefeUeQce WR SRZeU,

efficieQc\ aQd lRZeU diVchaUge flRZ UaWe, iQcUeaVed SRZeU, high Velf VWaUWiQg caSaciW\ aW lRZ

VSeed flXid. [4]

IQ aQ e[WeQViRQ WR Whe eaUlieU UeVeaUch, a QRYel SaYRQiXV WXUbiQe ZiWh PXlWiSle VWageV

aQd YaU\iQg diaPeWeU Rf URWRU aW each VWage ZaV Pade ZiWh Whe SUiPe RbjecWiYe Rf eQhaQciQg

Whe SeUfRUPaQce Rf Whe URWRU.

A WhUee VWage SHKT ZiWh a YaUiable diaPeWeU iQ each VWage ZaV PeWicXlRXVl\ deVigQed aQd iWV

3D cRPSXWaWiRQal PRdel ZaV cRQVWUXcWed. SiPXlaWiRQ ZaV caUUied RXW iQ ANSYS XQdeU RSeQ

chaQQel flRZ.

AccRUdiQg WR Whe UeVXlWV RbWaiQed iQ WheiU UeVeaUch, iW ZaV WR be QRWed WhaW SeUfRUPaQce Rf Whe

URWRU iQcUeaVeV ZiWh aQ iQcUeaVe iQ TSR XS WR aQd ceUWaiQ liPiW (heUe iW ZaV fRXQd WR be 0.8)

aQd be\RQd WhiV liPiW iW decliQeV gUadXall\. HRZeYeU WhiV UeVeaUch lacked e[SeUiPeQWal

YalidaWiRQ Rf WhiV QRYel cRQceSW Zhich iV bRXQd fRU fXWXUe VcRSe. [5]

SWXdieV alVR VhRZed ZheQ a QaQR-h\dURkiQeWic WXUbiQe ZaV WR VWXd\ Whe effecWV Rf ShaVe

diffeUeQce beWZeeQ Whe bladeV affecWV Whe URWRU’V SeUfRUPaQce aQd alVR SUeVeQWed aQ

iPSURYePeQW PechaQiVP ZiWh dRXble VWeS URWRU fURP Whe YiVXali]aWiRQ Rf Whe flRZ SaWWeUQV

aQd Whe URWRU.

ThUee W\SeV Rf SaYRQiXV URWRUV ZeUe cRQVWUXcWed aQd WeVWed iQ a ZaWeU WXQQel WR

iPSURYe aQd PeaVXUe SRZeU.

RRWRU A ZaV a VWaQdaUd VaYRQiXV blade; RRWRU B haV 4PP Whick SaUWiWiRQ SlaWe iQ Whe ceQWUal

VecWiRQ; RRWRU C iV VaPe aV URWRU B alRQg ZiWh a 90� ShaVe diffeUeQce.

ReVXlWV VhRZed aQ iPSURYed SeUfRUPaQce ZiWh ShaVe. The dRXble VWeS URWRU had a ShaVe

diffeUeQce iQ bladeV cUeaWed Whe PeaQdeUiQg flRZ iQ ceQWUal cURVV VecWiRQ iQ bRWh XSVWUeaP aQd

dRZQVWUeaP WiS Rf Whe URWRU. [6]

E[SeUiPeQWV WUied WR iQcUeaVe Whe WRUTXe alRQg Whe aQgXlaU SRViWiRQ ZheQ WRUTXe iV lRZ b\

iQWURdXciQg VecRQdaU\ bladeV iQ fURQW Rf Whe cRQcaYe Vide Rf PaiQ URWRU bladeV.
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The\ iQWeUacW ZiWh Whe flXid ZheQ Whe SUiPaU\ RQeV aUe QRW iQ acWiRQ. CRPSaUiVRQ ZiWh Whe

cRQYeQWiRQal W\Se ZaV caUUied RXW aQd iW iV cRQclXded WhaW ZiWh RYeUlaS WheUe iV UedXcWiRQ iQ

QegaWiYe WRUTXe aQd Pa[iPXP SUeVVXUe diffeUeQce beWZeeQ Whe bladeV. [7]

GUadXall\ iW lead WR a dRXbW abRXW Whe blade SURfile. ReVeaUch ZRUk ZiWh UefeUeQce WR

PRdif\iQg Whe WXUbiQe bladeV WR iPSURYe Whe SRZeU geQeUaWiRQ aQd SeUfRUPaQce RQ Whe ZhRle

haYe beeQ SeUfRUPed. OQe VXch SaSeU highlighWed a PRdified WXUbiQe bladeV ZiWh cXW VlRW Rf

cRPSaUWPeQW, alWhRXgh iW caQ be XVed b\ ZiQd eQeUg\.

ThiV WeVW aiPV WR UedXce Whe SRZeU lRVV b\ URWRU YibUaWiRQV. TheUefRUe, a higheU SeUfRUPaQce iV

achieYed ZiWh UedXced SRZeU lRVV aQd eQhaQced efficieQc\ ZiWh Whe PRdified VaYRQiXV

URWRU.[8]

TheQ cRPeV Whe VWXd\ Rf SHKT XViQg a WaQdeP blade PRdel. CRPSaUiVRQ beWZeeQ WhUee W\SeV

Rf TaQdeP Blade VaYRQiXV Zhich ZeUe RYeUlaS, V\PPeWUical aQd cRQYeUgeQce W\SeV XSRQ

beiQg WeVWed ZaV caUUied RXW. The idea ZaV WR bURadeQ VZeSW aUea WhaW caQ iQcUeaVe dUag fRUce

SURdXcWiRQ RQ Whe blade.

2 D PRdel ZaV cRQVWUXcWed aQd ViPXlaWiRQ ZaV SeUfRUPed RQ AQV\V. PUeVVXUe diVWUibXWiRQV fRU

YaUiRXV aQgleV aW 0�, 30�, 60� aQd 120� (URWRU aQgle) ZeUe cRPSXWed. AlVR, WheiU VWUeaPliQeV

beiQg SlRWWed.

The PajRU cRQclXViRQV Zhich cRXld be dUaZQ ZeUe WhaW Whe Seak SeUfRUPaQce ZaV

achieYed ZheQ URWRU aQgle UeacheV 150�, aQd alVR dXe WR Pa[iPXP diffeUeQce iQ SUeVVXUe

XSVWUeaP aQd dRZQVWUeaP, ZheQ QRWed, gaYe Whe Pa[iPXP SeUfRUPaQce fRU cRQYeUgeQce

TBS. [9]

NRZ iQ aQ aWWePSW WR iPSURYe Whe SeUfRUPaQce fXUWheU, Whe VaYRQiXV WaQdeP blade VeWXS iV

adjRiQed ZiWh a PRYiQg SlaWe deflecWRU (MPD). The RbjecWiYe behiQd WhiV VeWXS iV WR cRXQWeU

aQd UedXce Whe QegaWiYe WRUTXe geQeUaWed b\ Whe flRZ iWVelf aQd WheUeb\ iPSURYiQg iWV

efficieQc\. ThiV PRdel ZaV deVigQed aQd aQal\]ed XViQg CFD. The CFD ViPXlaWiRQ WeVWified

SRViWiYe WRUTXe ZheQ Whe STB iV accRPSaQied ZiWh a Uadial PRYiQg deflecWRU SlaWe.

CRPSaUiVRQ ZaV dRQe beWZeeQ STB cRXSled ZiWh MPD fRU bRWh MPDV i.e, Uadial aQd

WaQgeQWial aQd UeVXlWV SURYe WhaW efficieQc\ Rf WaQgeQWial MPDV SeUfRUPiQg beWWeU WhaQ WhRVe Rf

Uadial. FiQall\ e[SeUiPeQWaWiRQ ZaV alVR dRQe WR YalidaWe Whe cRPSXWaWiRQal UeVXlWV aQd

cRQclXViRQV. [10] [25]
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SaYRQiXV WXUbiQeV aUe Whe RQeV Zhich haYe Whe SRWeQWial Rf UeQeZable eQeUg\ SURdXced

ZiWhRXW Whe e[SeQVe RU e[SlRiWaWiRQ Rf QaWXUe XQlike RWheU cRQYeQWiRQal h\del SRZeU VRXUceV.

OQe VXch SHKTZaV deVigQed aQd fabUicaWed fRU iWV XVe iQ QaWXUal ciUcXPVWaQceV Rf UiYeU flRZ.

TheUefRUe iW ZaV deVigQed fRU a PRPeQWXP Rf ZaWeU cXUUeQW aW lRZ YelRciW\ fURP 0.3P/V WR

0.9P/V fRU aQ RSeQ chaQQel flRZ. TheUe ZaV aQ e[SeUiPeQWal aQal\ViV beiQg dRQe RYeU iWV

ZRUkiQg aQd SeUfRUPaQce ZaV gaXged. TRUTXe aQd SRZeU haYe beeQ cRPSXWed aQd Whe ke\

fiQdiQgV Rf WhiV UeVeaUch ZeUe WhaW bRWh WRUTXe aQd SRZeU iQcUeaVe ZiWh iQcUeaVe iQ fUee VWUeaP

ZaWeU YelRciW\. BXW Whe SURlRQged iPSacW Rf WhiV high fUee VWUeaP YelRciW\ UedXceV Whe blade’V

dXUabiliW\ RYeU WiPe.

AQRWheU cUXcial fiQdiQg fURP WhiV UeVeaUch ZaV Whe SRZeU e[WUacWed iV YaU\iQg ZiWh UeVSecW WR

diffeUeQW ZaWeU la\eUV. The WRS PRVW la\eU haV Whe higheVW YelRciW\ gUadieQW, WhXV leadiQg WR

higheVW SRZeU beiQg e[WUacWed iQ cRPSaUiVRQ WR RWheU la\eUV. BXW iURQicall\, Whe SRZeU

RbWaiQed fURP Whe bRWWRPPRVW la\eU iV higheU WhaQ WhaW Rf Pid la\eU dXe WR Whe VheaU la\eU WhaW

VeSaUaWeV fURP Whe chaQQel’V bed.

TheUefRUe iWV effecW RQ SRZeU iV QRW WR be cRQVideUed iQ e[WUacWiQg deVigQ iQfRUPaWiRQ abRXW

SeUfRUPaQce Rf Whe WXUbiQe. SR iWV effecWV RQ SRZeU iV QRW cRQVideUed fRU kQRZiQg Whe deVigQ

iQfRUPaWiRQ. The SeUfRUPaQce VhRZQ iV beVW ZheQ aW 90� aQgle Rf URWaWiRQ.

All Whe abRYe UeVXlWV haYe beeQ cRPSaUed ZiWh a ZiQd WXUbiQe ZiWh Whe VaPe iQiWial cUiWeUia,

iQSXW SRZeU, UeYeal WhaW Whe h\dUR-WXUbiQeV SeUfRUPaQce iV lRZeU becaXVe Rf Whe RccXUUeQce Rf

ciUcXlaWiRQ aQd flRZ VeSaUaWiRQ aW Whe WRS Rf Whe bladeV, alVR dXe WR VeSaUaWiRQV fURP Whe

cRQcaYe face Rf UeWXUQiQg blade aQd WhUXVWV WhaW acW iQ RSSRViWe diUecWiRQ Rf URWaWiRQ Rf Whe

WXUbiQe. [11]

ReVeaUch ZaV alVR caUUied RXW WR VWXd\ ZhaW ZRXld be Whe iPSacW RQ Whe SeUfRUPaQce Rf Whe

VaYRQiXV URWRU b\ YaU\iQg iWV heighW? A h\dURd\QaPic WeVW beQch cRPSUiViQg iQWake, a cRQWURl

gaWe, SeQ VWRck aQd caQali]aWiRQ, a WXUbiQe, a WeVW VecWiRQ aQ RXWflRZ aQd a SXPS ZaV XVed WR

caUU\ RXW Whe e[SeUiPeQWaWiRQ. PaUaPeWeUV like SRZeU, d\QaPic WRUTXe, cRefficieQW Rf WRUTXe,

cRefficieQW Rf SRZeU iQcUeaVeV ZiWh decUeaVe Rf heighW Rf Whe URWRU. ThXV WhiV idea helSed iQ

RSWiPXP VelecWiRQ Rf heighW Rf Whe URWRU iQ WhiV SURjecW. [12]

FXUWheU a ViPilaU VWXd\ Rf Whe SeUfRUPaQce cUiWeUia XQdeU ViPilaU flRZ cRQdiWiRQV ZaV

RQce agaiQ beiQg dRQe RQ a h\dUaXlic WeVW beQch WR aQal\]e Whe effecW RQ Whe SeUfRUPaQce

ZheQ Whe bladeV Rf Whe URWRU aUe beiQg RYeUlaSSed. [13]
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BaVicall\ WR iPSURYe Whe dUiYiQg fRUce, Whe idea Rf UedXciQg Whe UeYeUVe fRUce RQ Whe UeWXUQiQg

blade RU b\ iQcUeaViQg Whe SRViWiYe fRUce RQ Whe adYaQciQg blade. ThXV WhXV cRQceSW led WR Whe

iQdXcWiRQ Rf RbVWacleV iQ Whe flRZ SaWh WR Whe UeWXUQiQg blade aQd cRQceQWUaWiQg Whe flRZ

WRZaUdV Whe adYaQciQg blade. OSWiPal SRViWiRQ Rf SlaWeV ZeUe WR be fRXQd RXW VXch WhaW RXWSXW

SRZeU iV iQcUeaVed PXlWifRld. [14] [20]

AlVR, VWXd\ Rf a UeYieZ aUWicle VXggeVWV Whe iPSRUWaQce Rf XSVWUeaP flRZ SaWWeUQ iQ Whe

fXQcWiRQiQg Rf Whe VaYRQiXV URWRU. USVWUeaP flRZ SaWWeUQV fRU Whe SaYRQiXV URWRU aUe diYided

iQWR fRXU W\SeV, QaPel\ XQifRUP flRZ, gXided flRZ, URWRU Zake flRZ aQd RVcillaWiQg flRZ WR

VXSSlePeQW XSVWUeaP SaWWeUQV, QXPeUical ViPXlaWiRQ aQd e[SeUiPeQWV ZeUe SeUfRUPed iQ Whe

SUeVeQW VWXd\. A QXPeUical VchePe ZaV adRSWed fRU QXPeUical cRPSXWaWiRQ Zhich iV RANS-

Re\QRldV aYeUaged NaYieU SWRkeV eTXaWiRQV, iQclXdiQg cRQWiQXiW\ aQd PRPeQWXP eTXaWiRQV

Zhich ZeUe XVed aV gRYeUQiQg eTXaWiRQV. [15]

PUeVeQWV effecWV Rf deVigQ facWRUV RQ PechaQical SeUfRUPaQce Rf VeUWical A[iV WiQd TXUbiQeV

(VAWTV), aQd aQ e[SeUiPeQWal iQYeVWigaWiRQ Rf RSWiPal VAWT SeUfRUPaQce XQdeU lRZ ZiQd

VSeed cRQdiWiRQV iQ ThailaQd.DeVigQ facWRUV iQclXde W\SeV Rf ZiQd WXUbiQeV, QXPbeU Rf bladeV,

W\SeV Rf PaWeUialV, heighW-WR-UadiXV UaWiRV, aQd deVigQ PRdificaWiRQV. PRWeQWial VAWT PRdelV

ZiWh diffeUeQW deVigQ facWRUV aUe QXPeUicall\ aQal\]ed ZiWhiQ a YiUWXal ZiQd WXQQel aW YaUiRXV

ZiQd VSeedV b\ XWili]iQg XflRZTM CRPSXWaWiRQal FlXid D\QaPicV (CFD) VRfWZaUe. [16]

A UeVeaUch ZaV caUUied RQ WR XWili]e ZaVWe ZaWeU UXQQiQg WhURXgh Whe SiSeV Zhich haYe Whe

SRWeQWial WR SURdXce elecWUiciW\. The VWXd\ eVWabliVheV Whe effecWV Rf RYeUlaSSiQg Whe bladeV

PRXQWed RQ a ciUcXlaU SiSe aW Pa[iPXP head Rf 2P aW SaYRQiXV HRUi]RQWal A[iV WiQd

TXUbiQe (SHAWT) WR Whe CS aQd TSR. The RSWiPXP UeVXlWV ZeUe RbWaiQed aW blade RYeUlaS

UaWiR Rf 0.3 RQ eYeU\ diVchaUge [17]



13

2.1 5E6EA5CHGA3

1. PURfileV aQd geRPeWU\ Rf deflecWRU bladeV haYe \eW QRW beeQ WhRURXghl\ aQal\]ed aQd

VWaQdaUdi]ed iQ deWail aQd VXggeVWiRQV RQ Whe RSWiPXP deVigQ haYeQ’W beeQ SURYided.

2. OSWiPi]aWiRQ Rf Whe QXPbeU Rf deflecWRU SlaWeV iQ a chaQQel fRU a WXUbiQe.

3. ReVeaUcheUV haYe alVR QRW aQal\]ed SaUaPeWeUV VXch aV VliS, diVchaUge, QR. Rf VWageV,

QR. Rf bladeV aQd VecRQdaU\ bladeV, RPM Rf URWRU, cRQVideUiQg Whe deflecWRU SlaWeV.

OQl\ ceUWaiQ SaUaPeWeUV VXch aV WRUTXe, aQd PiQiPi]iQg Whe QegaWiYe WRTXe ZeUe

fRcXVed aQd WhaW WRR ZiWh PRYiQg SlaWe deflecWRUV aQd QRW VWaWiRQaU\ SlaWe deflecWRUV.

4. AQal\ViV Rf Whe abRYe SaUaPeWeUV aV WR hRZ Whe\ ZRXld chaQge Z.r.t a WXUbiQe Zhich

dReV QRW haYe deflecWRU bladeV haV QRW beeQ SeUfRUPed aQd WhXV a cRPSaUaWiYe VWXd\

haV QRW beeQ eVWabliVhed.

5. PURYiViRQ Rf QR]]le iQVide Whe URWRU eQhaQceV Whe SeUfRUPaQce Rf Whe WXUbiQe UeVXlWiQg

iQ gUeaWeU WRUTXe aQd high SRZeU. HRZeYeU, VXfficieQW UeVeaUch haV QRW beeQ

SeUfRUPed iQ WhiV aUeQa aV Zell.
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CHA37E5 3: AN O9E59IE: ON H<D5OKINE7IC

785BINE6

3.1 IN75OD8C7ION 7O HK7V

A h\dURkiQeWic WXUbiQe iV a WXUbiQe Zhich WUaQVfRUPV Whe kiQeWic eQeUg\ Rf flRZiQg ZaWeU iQ

UiYeUV, VWUeaPV, caQalV eWc., iQWR elecWUical eQeUg\ RU elecWUiciW\. ThiV UeQeZable VRXUce Rf

elecWUiciW\ SURdXcWiRQ caQ be haUQeVVed fURP a lRZ head Rf PRYiQg ZaWeU. A ViPilaU deVigQ

caQ be RSWed fRU ZiQd WXUbiQeV aV Zell bXW ZaWeU beiQg 832 WiPeV deQVeU WhaQ aiU aQd Whe

abXQdaQce Rf ZaWeU UeVRXUceV VXch aV WideV, ZaYeV, RceaQ cXUUeQWV aQd fUeel\ flRZiQg UiYeUV

SUeVeQWV XV ZiWh PRUe RSWiRQV WR WaS Whe highl\ cRQceQWUaWed aQd cleaQ eQeUg\ VRXUce RQ WhiV

SlaQeW.

BefRUe geWWiQg iQWR Whe claVVificaWiRQ Rf YaUiRXV h\dURkiQeWic WXUbiQeV iW iV iPSRUWaQW WR aVVeVV

Whe YaUiRXV adYaQWageV aQd diVadYaQWageV Rf h\dURkiQeWic WXUbiQeV.

ADVANTAGES

¾ TheVe WXUbiQeV dR QRW Qeed a UeVeUYRiU.

¾ H\dURkiQeWic WXUbiQeV XWili]e QaWXUal flRZ Rf ZaWeU.

¾ The\ dR QRW caXVe aQ\ haUP WR Whe VXUURXQdiQgV.

¾ NRW PXch Rf aQ\ cRVWl\ eTXiSPeQW iV UeTXiUed.

¾ The\ aUe aQ ecRQRPic eQeUg\ VRXUce.

DISADVANTAGES

¾ The\ UeTXiUe VXiWable ViWe chaUaWeUiVWicV.

¾ The SRZeU geQeUaWed iV lRZ aQd eYeQ lRZeU dXUiQg Whe VXPPeU PRQWhV.

¾ The efficieQc\ RYeUall iV lRZ.
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3.2 CLA66IFICA7ION OF H<D5OKINE7IC 785BINE6

TheUe aUe diffeUeQW claVVificaWiRQV Rf h\dURkiQeWic WXUbiQeV aQd Whe PajRU claVVificaWiRQ iV

baVed RQ Whe a[iV Rf URWaWiRQ aQd Whe diUecWiRQ Rf ZaWeU flRZ Zhich iV:

1. HRUi]RQWal a[iV h\dURkiQeWic WXUbiQe

IQ WhiV WXUbiQe, iQ RUdeU WR geQeUaWe elecWUiciW\, iW iV PaQdaWRU\ fRU Whe URWaWiRQal a[iV be

RUieQWed WR Whe diUecWiRQ Rf flRZ Rf Whe ZaWeU cXUUeQW.

2. VeUWical a[iV h\dURkiQeWic WXUbiQe

IQ WhiV claVV Rf WXUbiQeV, Whe URWaWiRQal a[iV iV RUieQWed SeUSeQdicXlaU WR Whe diUecWiRQ Rf Whe

flRZ Rf Whe ZaWeU cXUUeQW.

The belRZ figXUe illXVWUaWeV Whe hRUi]RQWal aQd YeUWical h\dURkiQeWic WXUbiQeV.

Fig 3.1 HRUi]RQWal A[iV H\dURkiQeWic WXUbiQe Fig 3.2 VeUWical A[iV H\dURkiQeWic WXUbiQe

IW iV WR be UecRgQi]ed WhaW Whe efficieQc\ Rf YeUWical a[iV h\dURkiQeWic WXUbiQeV iV PXch lRZeU

WhaQ Whe hRUi]RQWal a[iV h\dURkiQeWic WXUbiQeV. HRZeYeU, Whe PaiQ adYaQWage Rf YeUWical a[iV

h\dURkiQeWic WXUbiQeV iV WhaW eYeU\ VecWiRQ Rf Whe blade iV VXbjecWed WR Whe VaPe ZaWeU VSeed

aQd WheUefRUe dReV QRW dePaQd fRU a WZiVWed blade SURfile likeZiVe iQ hRUi]RQWal a[iV WXUbiQeV.

ThiV adYaQWage aidV iQ eaVieU deVigQ aQd UeSlicaWiRQ aQd fabUicaWiRQ Rf Whe bladeV WhXV

iPSacWiQg iQ UedXciQg Whe cRVWV aQd PakiQg iW PRUe ecRQRPical. The lRZ efficieQc\ Rf Whe

YeUWical a[iV h\dURkiQeWic WXUbiQeV caQ be aWWUibXWed WR lRZ VWaUWiQg WRUTXeV aQd d\QaPic
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VWabiliW\ SURblePV.

TheUe iV aQRWheU claVVificaWiRQ Rf h\dURkiQeWic WXiUbiQeV Zhich iV a[ial flRZ aQd cURVV flRZ

WXUbiQeV.

1. A[ial FlRZ h\dURkiQeWic WXUbiQe

IQ Whe cRQceSW Rf a[ial flRZ WXUbiQe iW caQ VeeQ WhaW Whe URWaWiRQal a[iV Rf ZaWeU iV SaUallel WR

Whe iQcRPiQg ZaWeU VWUeaP.

2. CURVV flRZ h\dURkiQeWic WXUbiQe

IQ WheVe WXUbiQeV, Whe URWaWiRQal a[iV Rf Whe URWRU iV SaUallel WR Whe ZaWeU VXUface bXW iV

RUWhRgRQal WR Whe iQcRPiQg ZaWeU cXUUeQW.

Fig: 3.3 ClaVVificaWiRQ Rf H\dURkiQeWic WXUbiQeV

DaUUieXV TXUbiQe

IW iV W\Se Rf YeUWical a[iV WXUbiQe Zhich caQ geQeUaWe elecWUical eQeUg\ fURP flRZeU ZaWeU RU

ZiQd SRVVeVViQg kiQeWic eQeUg\. ThiV W\Se Rf WXUbiQe cRPSUiVeV Rf cXUYed SURfile aeUR fRil

bladeV aURXQd Whe URWaWiQg VhafW aV VhRZQ belRZ. IW iV a lifW baVed WXUbiQe
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FigXUe 3.4 DaUUiXV WXUbiQe

AlWhRXgh Whe WiS VSeed UaWiR (TSR) Rf DaUUieXV WXUbiQe iV high Zhich PakeV iWV URWaWiRQ PXch

faVWeU bXW Whe WXUbiQe UeTXiUeV e[SeQViYe PaWeUial iQ bladeV WhXV PakiQg iW QRQ-ecRQRPical.

The YaUiRXV W\SeV Rf DaUUieXV WXUbiQeV aUe illXVWUaWed belRZ.

Fig 3.5 STXiUUel cage TXUbiQe
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Fig 3.6 H-daUUieXV TXUbiQe

Fig 3.7 GRUlRY TXUbiQe

6A9ONI86 785BINE6

TheVe aUe dUag baVed WXUbiQeV ZiWh eiWheU VWUaighW RU VkeZed blade SURfileV. TheiU efficieQc\ iV

lRZ iQ cRPSaUiVRQ WR daUUieXV WXUbiQeV.
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Fig 3.8 SaYRQiXV TXUbiQe

AQRWheU claVVificaWiRQ Rf h\dURkiQeWic WXUbiQeV iQclXdeV iQ-SlaQe a[iV aQd iQcliQed a[iV

WXUbiQeV.

IQ-SlaQe a[iV WXUbiQeV - TheVe WXUbiQeV haYe a[iV RQ Whe hRUi]RQWal SlaQe Rf Whe ZaWeU VXUface.

The\ aUe alVR called aV flRaWiQg ZaWeU ZheelV. The\ aUe alVR dUag baVed iQ QaWXUe ViPilaU WR

VaYRQiXV WXUbiQeV. The PaiQ diVadYaQWage iV Whe XVe Rf laUge aPRXQW Rf PaWeUial Zhich

iQcUeaVeV Whe cRVW Rf PaQXfacWXUiQg Rf WheVe WXUbiQeV. The belRZ figXUeV illXVWUaWeV iQ-SlaQe

a[iV aQd iQcliQed a[iV WXUbiQeV.

Fig 3.9 IQ-SlaQe a[iV URWRU
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Fig 3.10 IQcliQed a[iV URWRU

Fig 3.11 H\dURkiQeWic TechQRlRg\



21

3.3AD9AN7AGE6& DI6AD9AN7AGE6 OFA;IAL AND C5O66 FLO:785BINE6

ADVANTAGES OF AXIAL FLOW TURBINES

¾ HigheU efficieQc\ WhaQ cURVV flRZ WXUbiQeV

¾ NR WRUTXe UiSSle.

¾ AbiliW\ WR Velf VWaUW.

DISADVANTAGES OF AXIAL FLOW TURBINES

¾ HigheU PaQXfacWXUiQg aQd WUaQVSRUWaWiRQ cRVWV.

¾ DifficXlW fRU Whe WXUbiQeV WR be VWacked WRgeWheU iQ VPall aQd QaUURZ flRZ VWUeaPV.

ADVANTAGES OF CROSS FLOW TURBINES

¾ The\ aUe haYiQg a c\liQdUical VhaSed URWRU WheUeb\ XWili]iQg Whe VSace PRUe

effecieQWl\.

¾ IQ caVe Rf dXcW aXgPeQWaWiRQ Whe cRVWV aVVRciaWed iV lRZ.

¾ MaQXfacWXUiQg aQd WUaQVSRUWaWiRQ iV lRZ becaXVe Rf VPalleU aQV ViPSliciW\ iQ Whe

SaUWV.

¾ MaiQWeQaQce iV lRZ ViQce geQeUaWRU caQ be Slaced abRYe Whe ZaWeU leYel.

DISADVANTAGES OF CROSS FLOW TURBINES

¾ TRUTXe UiSSle iV SUeVeQW.

¾ IQabiliW\ WR Velf VWaUW.

¾ LRZ efficieQc\.
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CHA37E5 4: 35OJEC7 OBJEC7I9E6 AND:O5K 3LAN

4.1 35OBLEM DEFINI7ION

¾ TR fiQd Whe effecW Rf deflecWRU SlaWeV RQ Whe XSVWUeaP Vide leYel.

¾ TR fiQd Whe effecW RQ diVchaUge RQ Whe XSVWUeaP Vide leYel XViQg WXUbiQe.

¾ TR fiQd Whe SeUfRUPaQce Rf h\dURkiQeWic WXUbiQe. (TRUTXe, cRefficieQW Rf SRZeU, eWc,.)
aQd RSWiPi]e Whe deflecWRU SlaWe aQgle.

4.2 ME7HODOLOG<

1. IdeQWificaWiRQ Rf SaUaPeWeUV fRU QXPeUical ViPXlaWiRQ Rf WXUbiQe.

i) Fi[ed PaUaPeWeUV

ii) WRUkiQg PaUaPeWeUV

2. CUeaWiQg 3-D PRdel Rf SaYRQiXV H\dURkiQeWic WXUbiQe aQd RSeQ chaQQel aQd cUeaWiQg

PeVh.

i) UViQg ANSYS DeVigQ MRdeleU aQd ANSYS MeVh.

ii) VaUiable PaUaPeWeUV.

3. IPSRUW MeVh WR ANSYS FLUENT.

i) DefiQe IQiWial cRQdiWiRQV fRU XQVWead\ aQal\ViV.

ii) DefiQe bRXQdaU\ cRQdiWiRQV.

iii) DefiQe TXUbXleQce MRdel.

iY) SeW QXPbeU Rf WiPe VWeS aQd WiPe VWeS Vi]e.

4. RXQ ViPXlaWiRQ fRU Q UeYRlXWiRQV Rf WXUbiQe.

5. AQal\]e UeVXlWV aQd YalidaWe UeVXlWV ZiWh e[SeUiPeQWal UeVXlWV.

6. BaVed RQ Whe abRYe UeVXlWV RSWiPi]e Whe UeVXlWV.
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CHA37E5 5: DE6IGN OF 6A9ONI86 H<D5OKINE7IC

785BINE

5.1 6A9ONI86 5O7O5

The ZRUd SaYRQiXV deUiYeV iWV RUigiQ fURP Whe FiQQiVh eQgiQeeU SiggaUd JRhaQQeV SaYRQiXV

ZhR iQYeQWed Whe VaYRQiXV YeUWical a[iV ZiQd WXUbiQe iQ 1922. IW iV RQe Rf Whe ViPSleVW

WXUbiQeV. IW iV baVicall\ a dUag baVed URWRU. The URWRU cRPSUiVeV Rf cXUYed bladeV SRViWiRQed iQ

PaQQeU VXch WhaW iW iV S-VhaSed. DXe WR WhiV W\Se Rf cXUYaWXUe iW e[SeUieQceV leVV dUag ZheQ

PRYiQg agaiQVW Whe flRZ WhaQ ZheQ PRYiQg ZiWh Whe ZaWeU flRZ. The diffeUeQWial dUag iV

UeVSRQVible fRU Whe URWaWiRQ Rf Whe WXUbiQe.

SaYRQiXV URWRU iV ViPSle iQ cRQVWUXcWiRQ ZiWh lRZ cRVW aQd SURdXceV leVV QRiVe. IW haV Whe

abiliW\ iQ acceSWiQg flXid fURP aQ\ diUecWiRQ ZiWh gRRd chaUacWeUiVWicV. IW haV lRZ aeURd\QaPic

efficieQc\ iQ cRPSaUiVRQ ZiWh daUUieXV WXUbiQe.

The ZRUkiQg SUiQciSle behiQd VaYRQiXV URWRU iV baVed RQ Whe diffeUeQce iQ dUag fRUce beWZeeQ

Whe cRQcaYe aQd cRQYe[ VXUfaceV Rf Whe bladeV. The dUag cRefficieQW fRU cRQcaYe VXUface iV

PRUe WhaQ WhaW Rf cRQYe[ VXUface. SR adYaQciQg blade ZiWh cRQcaYe Vide faciQg Whe ZaWeU

flRZ ZRXld e[SeUieQce PRUe dUag fRUce WhaQ UeWXUQiQg blade.

A W\Sical WZR bladed SaYRQiXV URWRU iV VhRZQ iQ FigXUe

Fig 5.1 IllXVWUaWiRQ Rf 2-bladed VaYRQiXV URWRU.
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The cRQYeQWiRQal ViQgle VWage SaYRQiXV URWRU haV a laUge VWaWic WRUTXe YaUiaWiRQ ZiWh Whe URWRU

aQgle. AW ceUWaiQ aQgXlaU SRViWiRQV iW caQ be VeeQ WhaW Whe URWRU alVR SURdXceV a QegaWiYe

WRUTXe Zhich Pa\ haYe aQ adYeUVe iPSacW RQ Whe URWRU aSSlicaWiRQV. ReVeaUch SRiQWV RXW WhaW

WhiV W\Se Rf URWRU caQ be XWili]ed fRU lRZ VSeed aSSlicaWiRQV becaXVe iW haV lRZ VWaUWiQg WRUTXe

becaXVe Rf beiQg ViPSle iQ iWV PakiQg aQd Whe ecRQRPical facWRUV VXggeVWV iWV XVe iQ

elecWUiciW\ geQeUaWiRQ cRXSled ZiWh a geQeUaWRU iQYRlYiQg PiQiPal aQd eaVieU PaiQWeQaQace.

5.2 DE6IGN 3A5AME7E56

1. AVSecW UaWiR

The UaWiR Rf heighW (H) WR Whe diaPeWeU (D) Rf Whe URWRU iV called aV aVSecW UaWiR (α). AQ aVSecW

UaWiR Rf 0.7 iV beVW VXiWed fRU a h\dURkiQeWic WXUbiQe WR SURdXcePa[iPXP efficieQc\.

α = H/D

2. OYeUlaS UaWiR

WheQ RQe YaQe iV WZiUled agaiQVW aQRWheU YaQe abRXW Whe URWaWiQg a[iV WheQ iWV called aQ

RYeUlaS RU bXckeW RYeUlaS (e). IW iV aQ iPSRUWaQW cUiWeUiRQ iQ alWeUiQg Whe effecWiYeQeVV Rf Whe

WXUbiQe.

Fig 5.2 OYeUlaSSiQg iQ VaYRQiXV URWRU

The RYeUlaS UaWiR (ȕ) iV Whe UaWiR beWZeeQ Whe RYeUlaS aQd Whe diaPeWeU Rf Whe bladeV.

ȕ = e/d
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ReVeaUch SRiQWV RXW WhaW ZiWh aQ iQcUeaVe iQ RYeUlaS UaWiR WheUe iV decUeaVe iQ Whe aPRXQW Rf

SRZeU SURdXced. IQ RQe Rf Whe VWXdieV WheUe iV a Pa[iPXP SRZeU cRefficieQW Rf 51% RbWaiQed

XQdeU a QR RYeUlaS cRQdiWiRQ.

3. BlRckage UaWiR

BlRckage UaWiR (B) iV defiQed aV Whe UaWiR Rf Whe fURQWal VZeSW aUea Rf Whe WXUbiQe WR Whe fURQWal

VZeSW aUea Rf Whe chaQQel. IW caQ be ZUiWWeQ aV:

B = HD/HWW

WheUe, H iV HeighW Rf Whe WXUbiQe, D iV DiaPeWeU Rf WXUbiQe URWRU, HW iV HeighW Rf Whe ZaWeU iQ

chaQQel, W iV WidWh Rf Whe chaQQel. IQ accRUdaQce Rf UeVeaUch ZRUk Rf Ale[aQdeU aQd

HRlRZQia, if Whe blRckage UaWiR e[ceedV 0.3 WheQ WheUe QeedV WR be a PRdificaWiRQ iQ Whe

URWRU’V deVigQ.

4. Blade AUc AQgle

AQgle beWZeeQ Whe WZR blade SURfileV iV called aV blade aUc aQgle.

Fig 5.3 Blade AUc AQgle Rf VaYRQiXV URWRU

IW iV fRXQd WhaW iQ a PRdified VaYRQiXV URWRU ZiWh aQ aVSecW UaWiR Rf 0.7 haYiQg QR blade

RYeUlaS if Whe blade aUc aQgle iV keSW aW 124� WheQ Whe WXUbiQe fXQcWiRQV ZiWh Pa[iPXP

efficieQc\. The SRZeU cRefficieQW ZaV fRXQd WR be 0.21 aW a Re\QRldV QXPbeU Rf 1,50,000.

The blade aUc aQgle iV VhRZQ iQ Whe figXUe giYeQ belRZ.
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5. TiS VSeed UaWiR

The UaWiR Rf Whe VSeed Rf blade aW iWV WiS WR Whe VSeed Rf flRZiQg ZaWeU iV defiQed aV WiS VSeed

UaWiR (Ȝ).

IW caQ be e[SUeVVed aV:

Ȝ = ȦR/2V

WheUe,

Ȧ = AQgXlaU YelRciW\ Rf TXUbiQe blade

R = RadiXV Rf Whe blade

V = WaWeU flRZiQg VSeed

6. NXPbeU Rf SWageV

IQ accRUdaQce WR acadePic fiQdiQgV Whe cRefficieQWV Rf SRZeU aQd WRUTXe aQd QR lRad WiS VSeed

UaWiR iQcUeaVe ZiWh iQcUeaVe iQ Whe Re\QRldV QXPbeU (ZaWeU YelRciWieV) fRU RQe, WZR aQd WhUee

VWage h\dUR kiQeWic WXUbiQeV. The QXPbeU Rf VWageV iV illXVWUaWed iQ Whe figXUe.

Fig 5.4 SiQgle, TZR aQd ThUee SWage SaYRQiXV URWRU

7. NXPbeU Rf BladeV

A SaYRQiXV URWRU caQ be accRPPRdaWed ZiWh Rdd RU eYeQ QXPbeU Rf bladeV iQ RUdeU WR YaUiaWe

iWV SeUfRUPaQce.

The YaUiRXV cRQfigXUaWiRQV baVed RQ SUeYiRXV UeVeaUch iV VhRZQ belRZ.
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Fig 5.5 NXPbeU Rf BladeV iQ a VaYRQiXV URWRU

8. AXgPeQWaWiRQ

AXgPeQWaWiRQ UefeUV WR Whe eQcaSVXlaWiRQ Rf Whe eQWiUe URWRU iQ a dXcW iQ RUdeU WR eQhaQce Whe

h\dURkiQeWic WXUbiQe’V SeUfRUPaQce. DXcWV RU diffXVeUV aUe eQgiQeeUed VWUXcWXUeV WhaW eleYaWe

Whe eQeUg\ deQViW\ Rf a ZaWeU VWUeaP aV RbVeUYed b\ a h\dURkiQeWic cRQYeUWeU. B\ iQWURdXciQg

aQ aXgPeQWed chaQQel VXUURXQdiQg Whe URWRU QRW RQl\ iQcUeaVeV Whe SRZeU SURdXced bXW alVR

UegXlaWeV Whe VSeed Rf Whe URWRU aQd UedXce SURblePV caXVed b\ lRZ-VSeed dUiYe WUaiQ deVigQ.

Fig 5.6 IllXVWUaWiRQ Rf AXgPeQWaWiRQ iQ ZaWeU chaQQel
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5.3 CADMODELLING OF 6A9ONI86 H<D5OKINE7IC 785BINE

DeSeQdiQg XSRQ Whe YaUiRXV deVigQ SaUaPeWeUV diVcXVVed iQ Whe eaUlieU VecWiRQ Ze haYe

deVigQed Whe VaYRQiXV URWRU. A bUief deVcUiSWiRQ Rf Whe cRPSRQeQWV Rf a VaYRQiXV URWRU iV

VhRZQ belRZ.

Fig 5.7 NRPeQclaWXUe Rf SaYRQiXV URWRU

Table 5.1: DeVigQ PaUaPeWeUV (CAD PRdel iQ SRlidZRUkV)

3A5AME7E5 9AL8E

HeighW Rf Whe RRWRU (H) 140 PP

Blade aUc aQgle (Ȍ) 124�

DiaPeWeU Rf ShafW (dV) 6 PP

LeQgWh Rf ShafW (L) 140 PP

DiaPeWeU Rf BladeV (d) 135.9 PP

ThickQeVV Rf BladeV (W) 2 PP

DiaPeWeU Rf Whe RRWRU (D) 240 PP

OYeUlaS (e) 0 PP

DiaPeWeU Rf EQd PlaWeV (D�) 250 PP
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The deVigQ Rf Whe VaYRQiXV URWRU ZaV dRQe iQ SOLIDWORKS 2019. The geRPeWU\ Rf Whe

URWRU ZaV cRQVWUXcWed XViQg YaUiRXV RSWiRQV VXch aV VkeWch, e[WUXde, cXW eWc,. The geRPeWU\

cRQVWUXcWed iV illXVWUaWed belRZ.

(All diPeQiRQV iQ PP)

Fig 5.8 CAD PRdel Rf TXUbiQe
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The URWRU hRZeYeU haV WR be affi[ed ZiWhiQ a fUaPe WR VXSSRUW iWV ZRUkiQg. The fUaPe iV alVR

cRQVWUXcWed XViQg Whe VaPe deVigQ VRfWZaUe. The SaUW dUaZiQg Rf Whe fUaPe iV VhRZ belRZ.

(All diPeQViRQV iQ PP)

Fig 5.9 CAD PRdel Rf FUaPe
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The aVVePbl\ Rf bRWh Whe cRQVWUXcWiRQV aUe VhRZQ iQ Whe figXUe belRZ.

Fig 5.10 CAD AVVePbl\ PRdel Rf WXUbiQe aQd iWV fUaPe
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The WhUee diPeQViRQal iPageV Rf Whe WXUbiQe, fUaPe aQd iWV aVVePbl\ aUe VhRZQ iQ Whe

fRllRZiQg figXUeV.

Fig 5.11 3D PRdel Rf TXUbiQe

Fig 5.12 3D PRdel Rf FUaPe
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Fig 5.13 3D PRdel Rf TXUbiQe AVVePbl\
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CHA37E5 6: CFD ANAL<6I6 OF6A9ONI865O7O5

6.1 CFD ANAL<6I6OF5O7O5AND 67A7O5

6.1.1 C5EA7ION OF GEOME75<

The geRPeWU\ iV PRdeled iQ ANSYS DeVigQ MRdeleU cRQVideUiQg Whe YaUiRXV deVigQ

SaUaPeWeUV fRU bRWh VWaWRU aQd URWRU aV PeQWiRQed belRZ.

[1] RRWRU GeRPeWU\

IQiWiall\ Whe VkeWch iV cRQVWUXcWed iQ a 2D SlaQe (heUe XY SlaQe), Zhich iV laWeU cRQYeUWed iQWR

a 3D PRdel XSRQ e[WUXViRQ XS WR a fiQiWe leQgWh. The DiUecWiRQ Rf e[WUXViRQ iV cRQVideUed WR

be ‘V\PPeWUical’ aQd Whe PaWeUial iV cRQVideUed WR be ‘FUR]eQ’. The bladeV haYe iQQeU aQd

RXWeU WhickQeVV VSecified becaXVe Whe\ haYe beeQ VXbjecWed WR a ‘WhiQ VXUface e[WUXViRQ’. The

VhafW XQdeUZeQW a VRlid e[WUXViRQ, fRllRZiQg Zhich Whe eQWiUe URWRU iV eQclRVed b\ a c\liQdUical

eQclRVXUe (defiQeV Whe flXid dRPaiQ). The bladeV aQd VhafW geRPeWUieV aUe UePRYed fURP Whe

c\liQdUical eQclRVXUe WhURXgh Whe BRRleaQ-SXbWUacW aQd QaPed VecWiRQV haYe beeQ giYeQ fRU

Whe faceV Zhich Qeed WR be iQWeUfaced.

Table 6.1: DeVigQ PaUaPeWeUV (AQV\V DeVigQ MRdelleU)

3A5AME7E5 9AL8E

HeighW Rf Whe RRWRU (H) 140 PP

Blade aUc aQgle (Ȍ) 124�

DiaPeWeU Rf BladeV (d) 135.9 PP

ThickQeVV Rf BladeV (W) 2 PP

DiaPeWeU Rf Whe RRWRU (D) 240 PP

HeighW Rf C\liQdUical EQclRVXUe (H�) 150PP

DiaPeWeU Rf C\liQdUical EQclRVXUe (D�) 250 PP
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Fig 6.1 CUeaWiRQ Rf URWRU geRPeWU\ aQd iWV eQclRVXUe

Fig 6.2 E[WUXViRQ iQ Whe blade geRPeWU\

[2] SWaWRU GeRPeWU\

A ViPilaU SURcedXUe iV adRSWed iQ Whe deVigQ fRU VWaWRU. The VWaWRU heUe iV a UecWaQgXlaU chaQQel

Rf ZaWeU flRZiQg alRQg Whe ] diUecWiRQ. The VkeWch iV cRQVWUXcWed iQ XZ SlaQe aQd iV e[WUXded

alRQg Whe \ a[iV aV VhRZQ iQ Whe figXUe. LaWeU QaPed VecWiRQV haYe beeQ aVVigQed fRU Whe

SXUSRVe Rf iQWeUfaciQg aQd aSSl\iQg bRXQdaU\ cRQdfiWiRQV.



36

Fig 6.3 CUeaWiRQ Rf SWaWRU geRPeWU\

Table 6.2: OWheU PaUaPeWeUV

3A5AME7E5 9AL8E

TiS SSeed RaWiR 0.409

BlRckage RaWiR 0.108

OYeUlaS RaWiR 0.000

AVSecW RaWiR 0.7

NXPbeU Rf SWageV SINGLE STAGE

NXPbeU Rf BladeV 2
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6.1.2 MESH GENERATION

The VWaWRU aQd URWRU geRPeWUieV aUe PeVhed ZiWh a UeVRlXWiRQ Rf 7.0 XViQg Whe ANSYS R19.2

MeVhiQg MRdXle ZiWh Whe Sh\VicV SUefeUeQce keSW aW CFD aQd CFX aV Whe VRlYeU SUefeUeQce.

Fig 6.4 MeVh SURfile Rf URWRU

Table 6.3 Si]iQg iQYRlYed iQ PeVh geQeUaWiRQ

Table 6.4 MeVh CUeaWiRQ
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Table 6.5 MeVh SWaWiVWicV

Fig 6.5 MeVh SURfile Rf SWaWRU ZiWh URWRU’V caYiW\

Fig 6.6 MeVhiQg iQ VWaWRU geRPeWU\
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Table 6.6 MeVh geQeUaWiRQ

Table 6.7 Si]iQg iQYRlYed iQ PeVh geQeUaWiRQ

6.1.3 35E-35OCE66ING

The flXid SURbleP iV SUeSURceVVed ZiWh Whe aid Rf ANSYS CFX-PRE SeWXS PRdXle ZheUeiQ

all Whe QeceVVaU\ cUiWeUia aQd cRQVWUaiQWV haYe beeQ SURYided aQd iQiWiali]ed.

[1] RRWRU

AW fiUVW a RRWRU DRPaiQ iV cUeaWed aQd Whe cRUUeVSRQdiQg URWRU geRPeWU\ iV VelecWed aQd

aVVigQed WR WhiV dRPaiQ fRllRZiQg Zhich a ZaWeU iV deVigQaWed aV Whe ZRUkiQg flXid ZiWh a

UefeUeQce SUeVVXUe 0 aWP aQd a bXR\aQc\ PRdel iV eQWiWled WR Whe cXUUeQW SURbleP b\ giYiQg

aQ acceleUaWiRQ Rf 9.81P/V2 iQ Whe QegaWiYe Y - diUecWiRQ. The URWaWiRQ a[iV iV VeW alRQg Whe Y -

a[iV ZiWh aQ aQgXlaU YelRciW\ Rf 0.001 RPM. TheUe iV QR PeVh defRUPaWiRQ iQ WhiV SURbleP.
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Fig 6.7 CUeaWiRQ Rf RRWRU dRPaiQ

[2] SWaWRU

IQ a ViPilaU PaQQeU a dRPaiQ iV cUeaWed aQd iV beiQg aVVigQed fRU Whe VWaWRU aV Zell ZiWh Whe

ZRUkiQg flXid aV ZaWeU aW 25� C ZiWh Whe cRQVideUaWiRQ Rf BXR\aQc\ b\ giYiQg aQ acceleUaWiRQ

Rf 9.81 P/V2 iQ Whe QegaWiYe Y diUecWiRQ. The dRPaiQ PRWiRQ iV VeW WR VWaWiRQaU\ aQd Whe

UefeUeQce SUeVVXUe iV VeW WR 0 aWP. TheUe iV QR PeVh defRUPaWiRQ iQ WhiV SURbleP.

[3] AQal\ViV T\Se

The aQal\ViV W\Se iV VeW WR ‘WUaQVieQW blade flRZ’ ZiWh WiPe iQWegUaWiRQ aV Whe TUaQVieQW

PeWhRd. The WUaQVieQW Blade RRZ PRdel iV cRQdXcWed ZiWh 100 WiPe VWeSV aQd each WiPe VWeS

iV 62.8319V. The QXPbeU Rf SeUiRdV SeU UXQ iV VeW WR 1.
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Fig 6.8 TUaQVieQW Blade FlRZ aQal\ViV

The VXUfaceV iQWeUacWiQg beWZeeQ Whe URWRU aQd VWaWRU aUe iQWeUfaced b\ Whe cUeaWiRQ Rf dRPaiQ

iQWeUfaceV aQd WheUeb\ PaWchiQg Whe URWRU’V aQd VWaWRU’V iQWeUacWiQg VXUfaceV iQ accRUdaQce WR

WheiU UeVSecWiYe geRPeWUieV. ThiV caQ be illXVWUaWed iQ Whe figXUe giYeQ belRZ.

Fig 6.9 IQWeUfaciQg Rf URWRU aQd VWaWRU dRPaiQV
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[4] BRXQdaU\ CRQdiWiRQV

The iQleW face Rf Whe VWaWRU iV giYeQ a YelRciW\ iQleW Rf 2P/V aQd Whe RXWleW iV giYeQ a UelaWiYe

SUeVVXUe Rf 1 aWP RU a PaVV flRZ UaWe afWeU Whe cUeaWiRQ Rf bRXQdaUieV iQ Whe VWaWRU. The

bRXQdaUieV iQ Whe VWaWRU RQce cUeaWed haYe WR aVVigQed WR Whe QaPed VecWiRQV Rf Whe VWaWRU. The

RWheU Vide Rf Whe VWaWRU aUe giYeQ ‘Zall’ aV WheiU bRXQdaU\ cRQdiWiRQV ZiWhRXW aQ\ VliS.

[5] SRlYeU CRQWURl

The VRlYeU iV VeW WR K-ε TXUbXleQce PRdel ZiWh a PediXP iQWeQViW\ Rf WXUbXleQce. The

WUaQVieQW VchePe iV a SecRQd OUdeU backZaUd EXleU VchePe.

[6] IQiWiali]aWiRQ

The VWaWRU aQd URWRU dRPaiQV aUe iQiWiali]ed b\ VSecif\iQg Whe iQiWial YelRciW\ Rf flRZ i.e., 2P/V

iQ Whe Z (Z diUecWiRQ) aQd ]eUR P/V iQ X aQd Y. AlVR a UelaWiYe VWaWic SUeVVXUe Rf 1aWP iV keSW

ZiWhRXW Zhich Whe SURgUaP caQQRW be cRPSiled. The fUaPe W\Se iQ bRWh VWaWRU aQd URWRU iV

keSW VWaWiRQaU\.

Fig 6.10 IQiWiali]aWiRQ Rf RRWRU
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Fig 6.11 IQiWiali]aWiRQ Rf SWaWRU

Fig 6.12 OXWliQe Rf CFX-PRE
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6.1.4 6OL87IONAND 3O6735OCE66ING

The SUeVVXUe aQd YelRciW\ cRQWRXUV aUe SlRWWed aQd aUe UeSUeVeQWed belRZ.

Fig 6.13 VelRciW\ SWUeaPliQe

Fig 6.14 VelRciW\ CRQWRXU iQ Whe Z-diUecWiRQ
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Fig 6.15 TRWal VelRciW\ DiVWUibXWiRQ

Fig 6.16 PUeVVXUe DiVWUibXWiRQ
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Fig 6.17 TXUbXleQce KiQeWic EQeUg\.

Fig 6.18 SXPPaU\ Rf CFD 6.1 AQal\ViV
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6.2 CFD ANAL<6I6OF67A7O5:I7HDEFLEC7O5 3LA7E6 IN I76 CHANNEL

IQ WhiV VegPeQW Ze haYe WUied WR aQal\]e Whe behaYiRXU Rf Whe ZaWeU flRZ iQ Whe chaQQel b\

fi[iQg VWaWiRQaU\ deflecWRU SlaWeV RQe Rf iWV kiQd RQ RSSRViWe ZallV Rf Whe chaQQel. The

diPeQViRQV Rf Whe lRQg SlaWe aUe 180PP X 150PP X 2 PP aQd WhaW Rf Whe VhRUWeU SlaWe iV

120PP X 150PP X 2PP. The SXUSRVe behiQd WhiV ViPXlaWiRQ iV WR YeUif\ ZheWheU WheUe iV aQ

iQcUePeQW iQ Whe XSVWUeaP YelRciW\, Whe YelRciW\ ZiWh Zhich Whe WXUbiQe begiQV WR URWaWe. AlVR

Ze aUe RbWaiQiQg Whe PeaVXUe Rf WhiV iQcUePeQW iQ RUdeU WR eVWiPaWe Whe aPRXQW Rf SRZeU

iQcUeaVed PaQifRld.

6.2.1 C5EA7ION OF GEOME75<

AW fiUVW Ze deVigQ Whe VWaWRU ZiWh Whe UeTXiUed diPeQViRQV XS WR Whe ZaWeU leYel iQ Whe chaQQel.

The VWaWRU iV deVigQed ZiWh Whe helS Rf ANSYS DESIGNMODELLER Zhich cRPeV alRQg iQ

ANSYS WORKBENCH. TheQ Whe SlaWeV Zhich ZeUe VXSSRVed WR be deVigQed SUiRU WR Whe

VWaWRU aUe WR be iPSRUWed iQWR Whe cXUUeQW geRPeWU\ aQd aUe WR be giYeQ a VXiWable eQclRVXUe.

TheQ a bRRleaQ RSeUaWiRQ iV caUUied RXW b\ VXbWUacWiQg Whe SlaWeV geRPeWUical SURfile fURP Whe

VWaWRU’V geRPeWU\. The figXUe belRZ illXVWUaWeV Whe VWaWRU cRPSUiViQg Rf Whe caYiW\ cRQceUQed

ZiWh Whe deflecWRU SlaWeV.

Fig 6.19 CUeaWiRQ Rf deflecWRU SlaWeV iQ Whe flRZ SaWh Rf VWaWRU
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Table 6.8 DeWailV Rf EQclRVXUe

6.2.2 ME6HGENE5A7ION

The PeVh fRU Whe abRYe geRPeWU\ iV dRQe ViPilaU WR Whe eaUlieU SURcedXUe XViQg Whe ANSYS

R19.2 MeVhiQg MRdXle ZiWh Whe Sh\VicV SUefeUeQce keSW aW CFD aQd CFX aV Whe VRlYeU

SUefeUeQce. OQce agaiQ a UeVRlXWiRQ Rf 7.0 ZaV allRcaWed WR Whe PeVh.

Fig 6.20 GUid geQeUaWiRQ Rf VWaWRU ZiWh deflecWRU SlaWeV
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Fig 6.21 ReVRlXWiRQ Rf GUid

Table 6.9 MeVh Si]iQg RSWiRQV
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Table 6.10 MeVh SWaWiVWicV

6.2.3 35E-35OCE66ING

The PUeSURceVViQg Rf WhiV chaQQel iV dRQe WhURXgh ANSYS CFX PRE VeWXS PRdXle.

[1] DefiQiWiRQ Rf DRPaiQV

HeUe Whe defaXlW dRPaiQ iV Whe VWaWRU’V dRPaiQ aQd WheUe iV QR VeSaUaWe dRPaiQ cUeaWiRQ,

aVVigQPeQW aQd defiQiWiRQ iQYRlYed. A bXR\aQW flRZ PRdel ZaV chRVeQ aQd aVVigQed iQ Whe

QegaWiYe Y diUecWiRQ.

Fig 6.22 CUeaWiRQ Rf dRPaiQ

[2] BRXQdaU\ cRQdiWiRQV

IQ RUdeU WR aSSl\ bRXQdaU\ cUiWeUia WR Whe geRPeWU\, fiUVW bRXQdaUieV VXch aV iQleW, RXWleW aQd

Zall faceV aUe cUeaWed aQd QaPeV aVVigQed UeVSecWiYel\.

The iQleW bRXQdaU\ iV aVVigQed aQ iQleW YelRciW\ Rf 2P/V aQd Whe RXWleW bRXQdaU\ iV keSW aW
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QRUPal VWaWic SUeVVXUe Rf 1 aWP. The Zall faceV iQclXdiQg Whe SlaWe VXUfaceV aUe aVVigQed WR be

iQ QR VliS cRQdiWiRQV.

[3] SRlYeU CRQWURl

The VRlYeU iV VeW WR K-ε TXUbXleQce PRdel ZiWh a PediXP iQWeQViW\ Rf WXUbXleQce. The

WUaQVieQW VchePe iV a SecRQd OUdeU backZaUd EXleU VchePe.

[4] IQiWiali]aWiRQ

The VWaWRU dRPaiQ iV iQiWiali]ed b\ VSecif\iQg Whe iQiWial YelRciW\ Rf flRZ i.e., 2P/V iQ Whe Z (Z

diUecWiRQ) aQd ]eUR P/V iQ X aQd Y. AlVR a UelaWiYe VWaWic SUeVVXUe Rf 1aWP iV keSW ZiWhRXW

Zhich Whe SURgUaP caQQRW be cRPSiled. The fUaPe W\Se iQ VWaWRU iV keSW VWaWiRQaU\.

Fig 6.23 IQiWiali]aWiRQ Rf dRPaiQ
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6.2.4 6OL87IONAND 3O6735OCE66ING

The SUeVVXUe aQd YelRciW\ cRQWRXUV ZeUe SlRWWed RQ aQ iVR VXUface cUeaWed PidZa\ alRQg Whe

heighW Rf Whe VWaWRU.

Fig 6.24 VelRciW\ SWUeaPliQe

Fig 6.25 Side VieZ Rf SWUeaPliQe
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Fig 6.26 TRWal VelRciW\ DiVWUibXWiRQ

Fig 6.27 VelRciW\ DiVWUibXWiRQ iQ Z-diUecWiRQ
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Fig 6.28 PUeVVXUe DiVWUibXWiRQ

Fig 6.29 SXPPaU\ Rf CFD 6.2 AQal\ViV
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6.3 CFD ANAL<6I6OF5O7O5AND 67A7O5:I7H67A7IONA5<DEFLEC7O5

3LA7E6

6.3.1 C5EA7ION OF GEOME75<&ME6HING

The cUeaWiRQ Rf geRPeWU\ aQd PeVhiQg fRU URWRU aQd VWaWRU iV VaPe aV diVcXVVed iQ Whe eaUlieU

VecWiRQV.

Fig 6.30 RRWRU geRPeWU\ Fig 6.31 SWaWRU geRPeWU\ ZiWh deflecWRU SlaWeV

Fig 6.32 RRWRU’V MeVh Fig 6.33 SWaWRU’V MeVh

6.3.2 35E-35OCE66ING

The PUeSURceVViQg Rf WhiV chaQQel iV dRQe WhURXgh ANSYS CFX PRE VeWXS PRdXle b\

iPSRUWiQg Whe gUid fURP Whe PeVh.

[1] RRWRU

AW fiUVW a RRWRU DRPaiQ iV cUeaWed aQd Whe cRUUeVSRQdiQg URWRU geRPeWU\ iV VelecWed aQd

aVVigQed WR WhiV dRPaiQ fRllRZiQg Zhich a ZaWeU iV deVigQaWed aV Whe ZRUkiQg flXid ZiWh a
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UefeUeQce SUeVVXUe 0 aWP aQd a bXR\aQc\ PRdel iV eQWiWled WR Whe cXUUeQW SURbleP b\ giYiQg

aQ acceleUaWiRQ Rf 9.81P/V2 iQ Whe QegaWiYe Y - diUecWiRQ. The URWaWiRQ a[iV iV VeW alRQg Whe Y -

a[iV ZiWh aQ aQgXlaU YelRciW\ Rf 0.001 RPM. TheUe iV QR PeVh defRUPaWiRQ iQ WhiV SURbleP.

Fig 6.34 RRWRU DRPaiQ

[2] SWaWRU

IQ a ViPilaU PaQQeU a dRPaiQ iV cUeaWed aQd iV beiQg aVVigQed fRU Whe VWaWRU aV Zell ZiWh Whe

ZRUkiQg flXid aV ZaWeU aW 25� C ZiWh Whe cRQVideUaWiRQ Rf BXR\aQc\ b\ giYiQg aQ acceleUaWiRQ

Rf 9.81 P/V2 iQ Whe QegaWiYe Y diUecWiRQ. The dRPaiQ PRWiRQ iV VeW WR VWaWiRQaU\ aQd Whe

UefeUeQce SUeVVXUe iV VeW WR 0 aWP. TheUe iV QR PeVh defRUPaWiRQ iQ WhiV SURbleP.

Fig 6.35 SWaWRU’V DRPaiQ
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[3] AQal\ViV T\Se

The aQal\ViV W\Se iV VeW WR ‘WUaQVieQW blade flRZ’ ZiWh WiPe iQWegUaWiRQ aV Whe TUaQVieQW

PeWhRd. The WUaQVieQW Blade RRZ PRdel iV cRQdXcWed ZiWh 100 WiPe VWeSV aQd each WiPe VWeS

iV 0.00131004V. The QXPbeU Rf SeUiRdV SeU UXQ iV VeW WR 1.

Fig 6.36 AQal\ViV T\Se

The VXUfaceV iQWeUacWiQg beWZeeQ Whe URWRU aQd VWaWRU aUe iQWeUfaced b\ Whe cUeaWiRQ Rf dRPaiQ

iQWeUfaceV aQd WheUeb\ PaWchiQg Whe URWRU’V aQd VWaWRU’V iQWeUacWiQg VXUfaceV iQ accRUdaQce WR

WheiU UeVSecWiYe geRPeWUieV.
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Fig 6.37 IQWeUfaciQg Whe dRPaiQV

[4] BRXQdaU\ CRQdiWiRQV

The iQleW face Rf Whe VWaWRU iV giYeQ a YelRciW\ iQleW Rf 2P/V aQd Whe RXWleW iV giYeQ a UelaWiYe

SUeVVXUe Rf 1 aWP RU a PaVV flRZ UaWe afWeU Whe cUeaWiRQ Rf bRXQdaUieV iQ Whe VWaWRU. The

bRXQdaUieV iQ Whe VWaWRU RQce cUeaWed haYe WR aVVigQed WR Whe QaPed VecWiRQV Rf Whe VWaWRU. The

RWheU Vide Rf Whe VWaWRU aUe giYeQ ‘Zall’ aV WheiU bRXQdaU\ cRQdiWiRQV ZiWhRXW aQ\ VliS.

Fig 6.38 ASSlicaWiRQ Rf BCV
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[5] SRlYeU CRQWURl

The VRlYeU iV VeW WR K-ε TXUbXleQce PRdel ZiWh a PediXP iQWeQViW\ Rf WXUbXleQce. The

WUaQVieQW VchePe iV a SecRQd OUdeU backZaUd EXleU VchePe.

[6] IQiWiali]aWiRQ

The VWaWRU aQd URWRU dRPaiQV aUe iQiWiali]ed b\ VSecif\iQg Whe iQiWial YelRciW\ Rf flRZ i.e., 2P/V

iQ Whe Z (Z diUecWiRQ) aQd ]eUR P/V iQ X aQd Y. AlVR a UelaWiYe VWaWic SUeVVXUe Rf 1aWP iV keSW

ZiWhRXW Zhich Whe SURgUaP caQQRW be cRPSiled. The fUaPe W\Se iQ bRWh VWaWRU aQd URWRU iV

keSW VWaWiRQaU\.

Fig 6.39 IQiWiali]aWiRQ Rf URWRU aQd VWaWRU
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Fig 6.40 OXWliQe Rf CFX-PRE
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6.3.4 6OL87IONAND 3O6735OCE66ING

The YaUiRXV cRQWRXUV Rf SUeVVXUe, YelRciW\ aQd WXUbXleQce kiQeWic eQeUgieV aUe iQdicaWed belRZ.

Fig 6.41 VelRciW\ SWUeaPliQe

Fig 6.42 VelRciW\ SWUeaPliQe iQ SWaWiRQaU\ fUaPe
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Fig 6.43 TRWal VelRciW\ DiVWUibXWiRQ

Fig 6.44 VelRciW\ DiVWUibXWiRQ iQ Z-DiUecWiRQ
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Fig 6.45 PUeVVXUe DiVWUibXWiRQ

Fig 6.46 TXUbXleQce KiQeWic EQeUg\ cRQWRXU
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Fig 6.47 SXPPaU\ Rf CFD 6.3 AQal\ViV

NRZ Whe fUee VWUeaP YelRciW\ Rf Whe ZaWeU flRZiQg WR Whe chaQQel iV keSW aW Re\QRld’V QXPbeU

Rf 1.32 [ 105 aQd Whe ViPXlaWiRQ ZaV RQce agaiQ caUUied RXW RQ Whe baViV Rf Whe cUiWeUia WakeQ

b\ b\ KailaVh GRlecha eW.al aQd Whe UeVXlWV haYe beeQ YalidaWed aQd WabXlaWed iQ Table 9.1.
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CHA37E5 7: CALC8LA7ION6

The eQeUg\ flX[ Rf Whe flRZiQg ZaWeU iV deSeQdeQW RQ iWV deQViW\, cURVV VecWiRQal aUea Rf Whe

chaQQel aQd Rf cRXUVe Whe YelRciW\ Rf Whe ZaWeU. TheUefRUe SRZeU SURdXced b\ Whe WXUbiQe caQ

be ZUiWWeQ aV:

P = ò [ ȡAY3 (1)

The WRUTXe RbWaiQed WhURXgh Whe ViPXlaWiRQ caQ be YeUified XViQg Whe belRZ eTXaWiRQ

cRPSUiViQg Rf V1 aQd V2 Zhich aUe XSVWUeaP aQd dRZQVWUeaP YelRciWieV Rf Whe flRZiQg ZaWeU

aQd UadiXV (U) Rf Whe URWRU aV 0.06795 P.

T = ò ȡAU(V1
2-V2

2) (2)

CRefficieQW Rf WRUTXe (CW) aQd cRefficieQW Rf SRZeU (CS) aUe giYeQ b\:

CW = 4T/ȡU2D2H (3)

CS = TSR [ CW (4)

The WiS VSeed UaWiR caQ be calcXlaWed ZiWh U beiQg Whe fUee VWUeaP YelRciW\

TSR = ȦD/2U (5)

TheUefRUe PRZeU caQ be ZUiWWeQ aV:

P = T [ Ȧ. (6)

Re\QRld’V NXPbeU (Re) ZiWh ȝ beiQg Whe d\QaPic YiVcRViW\ Rf ZaWeU caQ be ZUiWWeQ aV:

Re = ȡUD / ȝ (7)

BaVed RQ Whe abRYe PaWhePaWical fRUPXlae Whe UeVXlWV RbWaiQed b\ KailaVh GRlecha eW.al ZeUe

YalidaWed. AlVR keeSiQg Whe URWaWiRQal VSeed Rf Whe URWRU WR 2.79 Uad/V Whe iPSURYePeQW iQ Whe

SeUfRUPaQce dXe WR deflecWRU SlaWeV ZaV gaXged aQd haV beeQ WabXlaWed.
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CHA37E5 8: O37IMI=A7ION OF 3O6I7ION OF
DEFLEC7O5 3LA7E6

SiPilaU WR Whe eaUlieU ViPXlaWiRQV SeUfRUPed, Whe SURceVV Rf RSWiPi]aWiRQ ZaV dRQe WhURXgh

CFD b\ SRViWiRQiQg Whe deflecWRU SlaWeV baVed RQ Whe daWa XVed b\ KailaVh GRlecha eW.al,

ZhRVe QRPeQclaWXUe aQd geRPeWUical cUiWeUia haYe beeQ giYeQ belRZ.

Fig 8.1 SaYRQiXV URWRU ZiWh deflecWRU SlaWe VhieldiQg UeWXUQiQg blade

Fig 8.2 VaUiRXV aQgXlaU SRViWiRQV Rf deflecWRU SlaWeV iQ Whe clRVed ZaWeU chaQQel
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The geRPeWUieV Rf Whe URWRU aQd deflecWRU SlaWeV fRU YaUiRXV SRViWiRQV haYe beeQ cRQVWUXcWed

XViQg SaUaPeWeUV VXch aV SlaWe aQgle (ȕ), X1, X2, Y1, Y2 SRViWiRQV aQd UadiXV Rf URWRU (R)

Table 8.1 CUiWeUia fRU SRViWiRQiQg Rf deflecWRU SlaWe

The SUe-SURceVViQg Rf Whe WXUbiQe VeWXS ZaV SeUfRUPed XViQg Whe ANSYS CFX-PRE PRdXle.

The gUidV Rf bRWh URWRU aQd Whe VWaWRU (clRVed ZaWeU chaQQel ZiWh VWaWiRQaU\ deflecWRU SlaWeV)

haYe beeQ aVVigQed ZiWh URWRU aQd VWaWRU dRPaiQV aQd ZeUe WheQ aVVigQed bRXQdaUieV aQd Whe

fRllRZiQg bRXQdaU\ cRQdiWiRQV haYe beeQ VSecified aV VhRZQ iQ Table 8.2

Table 8.2 BRXQdaU\ CRQdiWiRQV & IQiWial CRQdiWiRQV

The URWRU aQd Whe VWaWRU dRPaiQV haYe beeQ SURSeUl\ iQWeUfaced (cRQQecWed) aQd Whe SURbleP

ZaV iQiWiali]ed ZiWh a Re\QRld’V QXPbeU 1.32[105 Zhich VeUYeV aV Whe fUee VWUeaP. A WUaQVieQW

blade URZ PRdel haV beeQ VelecWed aQd K-ε WXUbXleQce PRdel ZiWh aQ RSWiRQ Rf PediXP

S.NR. X1
(PP)

X2
(PP)

Y1
(PP)

Y2
(PP)

ȕ

1. 135 135 55 145 90�

2. 152 135 55 145 101�

3. 230 135 55 145 137�

4. 135 230 55 145 44�

5. 230 135 108 145 159�

LRcaWiRQ BRXQdaU\ CRQdiWiRQ

IQleW Re 1.32[105 [12]

OXWleW SWaWic SUeVVXUe = 1 aWP

SWaWRU’V Wall NO SLIPZall cRQdiWiRQV

DRPaiQ PRWiRQ (RRWRU) RRWaWiQg (ZiWh alPRVW ]eUR aQgXlaU YelRciW\)

DRPaiQMRWiRQ (SWaWRU) SWaWiRQaU\

BXR\aQW MRdel 9.81 P/V2 alRQg QegaWiYe Y diUecWiRQ

AQal\ViV T\Se TUaQVieQW Blade RRZ (ZiWh PediXP iQWeQViW\)
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iQWeQViW\ Rf fiYe SeUceQW haV beeQ aVVigQed.

The VRlXWiRQ aQd SRVW SURceVViQg Rf Whe abRYe VeWXS ZaV dRQe iQ ANSYS CFX SRVW SURceVVRU.

The SRVW SURceVViQg deSicWed YaUiRXV cRQWRXUV baVed RQ a YaUieW\ Rf SaUaPeWeUV VXch aV

WXUbXleQce kiQeWic eQeUg\, edd\ YiVcRViW\, SUeVVXUe, URWaWiRQal YelRciW\ eWc,. Rf Zhich Whe

cRQWRXUV Rf YelRciW\ SURfileV fRU YaUiRXV SlaWe aQgleV aUe VhRZQ belRZ.

Fig 8.3 VelRciW\ diVWUibXWiRQ aW ȕ = 90� Fig 8.4 VelRciW\ diVWUibXWiRQ aW ȕ = 101�

Fig 8.5 VelRciW\ diVWUibXWiRQ aW ȕ = 137� Fig 8.6 VelRciW\ diVWUibXWiRQ aW ȕ = 44�

Fig 8.7 VelRciW\ diVWUibXWiRQ aW ȕ = 159�

IQ alPRVW all WheVe SURfileV, Whe YelRciW\ alRQg Whe flRZ iQcUeaVeV aQd VRPeWiPeV dRXbleV

becaXVe Rf Whe flRZ UeVWUicWiRQV aUiViQg dXe WR Whe SUeVeQce Rf WheVe deflecWRUV. ThiV iQcUeaVed

XS VWUeaP YelRciW\ caXVeV Whe URWaWiRQal VSeed Rf Whe WXUbiQe WR iQcUeaVe geQeUaWiQg a higheU

SRZeU aV cRPSaUed WR a URWRU ZiWhRXW WheVe SlaWeV ViWXaWed.
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CHA37E5 9: 5E68L76
The UeVXlWV cRPSaUiQg Whe SeUfRUPaQceV Rf Whe URWRU iQ Whe SUeVeQce Rf deflecWRU SlaWeV ZiWh a
URWRU ZiWhRXW WheVe SlaWeV haYe beeQ WabXlaWed belRZ.

Table 9.1 CRPSaUiVRQ Rf Whe SeUfRUPaQce Rf URWRU ZiWh aQd ZiWhRXW Whe SUeVeQce Rf deflecWRU
SlaWeV iQ Whe chaQQel ZiWh a flRZ Rf Re 1.32 [ 105

BaVed XSRQ Whe daWa VeW WakeQ fRU e[SeUiPeQWaWiRQ b\ KailaVh GRlecha eW,al Whe ViPXlaWiRQ
ZaV caUUied RXW fRU Whe giYeQ WiS VSeed UaWiRV aQd Whe cRefficieQW Rf SeUfRUPaQce fRU each
SRViWiRQ ZaV calcXlaWed aQd haV beeQ WabXlaWed aV VhRZQ belRZ.

Table 9.2 CRPSaUiVRQ beWZeeQ ViPXlaWed aQd e[SeUiPeQWal UeVXlWV WR fiQd RXW Whe RSWiPi]ed
SlaWe aQgle

The Wable abRYe cleaUl\ VhRZV WhaW Whe cRPSXWaWiRQal UeVXlWV aUe VlighWl\ higheU WhaQ Whe
e[SeUiPeQWal UeVXlWV aUiViQg dXe WR eQYiURQPeQWal aQd e[SeUiPeQWaWiRQ facWRUV. IW caQ alVR be
RbVeUYed WhaW ZiWh aQ iQcUeaVe iQ TSR aQd fRU a SlaWe aQgle Rf 101�, Whe cRefficieQW Rf SRZeU
RbWaiQed ZaV 0.21 e[SeUiPeQWall\ aQd 0.24 cRPSXWaWiRQall\ WheUeb\ iQdicaWiQg Pa[iPi]ed
SeUfRUPaQce Rf Whe WXUbiQe Z.U.W Whe RWheU SRViWiRQV Rf Whe SlaWeV.

3E5FO5MANCE
3A5AME7E5

5O7O5:I7HO87
DEFLEC7O5 3LA7E6
IN 7HE CHANNEL

5O7O5:I7H
DEFLEC7O5
3LA7E6 IN 7HE
CHANNEL

TRUTXe abRXW Y a[iV 0.15 N-P 0.18 N-P

TRUTXe (E[SeUiPeQWal) - 0.138 N-P

CRefficieQW Rf PRZeU (CS) 0.23 0.27

CS (E[SeUiPeQWal) - 0.18

RRWaWiRQal SSeed Rf RRWRU
(keSW fi[ed)

2.97 Uad/V 2.97 Uad/V

6.NR. ȕ 765 7VLP
(N-P)

7H[S
(N-P)

(CS)VLP (CS)H[S

1. 90� 0.76 0.180 0.138 0.27 0.18

2. 101� 0.82 0.148 0.149 0.24 0.21

3. 137� 0.79 0.178 0.118 0.28 0.16

4. 44� 0.89 0.121 0.111 0.21 0.17

5. 159� 0.62 0.182 0.169 0.23 0.18
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CHA37E5 10: CONCL86ION
The CFD ViPXlaWiRQ Rf Whe VaYRQiXV URWRU SUeVeQWed XV ZiWh cleaU YiVXal UeSUeVeQWaWiRQV Rf

flRZ SaWWeUQ aQd SURSeUW\ cRQWRXUV Rf ZaWeU flRZiQg iQ Whe chaQQel. AV iW ZaV eaUlieU aiPed,

WhiV SaSeU gaXgeV Whe SeUfRUPaQce Rf Whe SHKT XQdeU fUee aQd UeVWUicWed flRZ ciUcXPVWaQceV.

BaVed RQ Whe eaUlieU e[SeUiPeQWal YalXeV Whe VSeed Rf Whe WXUbiQe ZaV held cRQVWaQW aQd Whe

WRUTXe aQd CS ZeUe cRPSXWed. The UeVXlWV ZeUe fRXQd WR be iQ YaUiaWiRQ ZiWh e[SeUiPeQWaWiRQ

RQ aQ aYeUage deYiaWiRQ Rf 0.06 albeiW iQ clRVe SUR[iPiW\ WR Whe e[SeUiPeQWal UeVXlWV. The

RSWiPi]aWiRQ RQ SRViWiRQV, iQcliQaWiRQV Rf Whe SlaWeV aQd Whe cRefficieQW Rf SeUfRUPaQce ZeUe

SeUfRUPed aQd Whe fRllRZiQg cRQclXViRQV caQ be dUaZQ:

1. PRViWiRQiQg Whe deflecWRU SlaWeV alRQg Whe flRZ SaWh VhRZed aQ iQcUeaVe iQ Whe PagQiWXde Rf

Whe XSVWUeaP YelRciW\ VWUikiQg Whe bladeV Rf Whe WXUbiQe.

2. The flRZ UeVWUicWiRQ caXVed Whe iQSXW YelRciW\ WR be dRXble iWV iQiWial YalXe, WhXV eQabliQg iW

WR URWaWe faVWeU.

3. AlWhRXgh WheUe iV QR VigQificaQW iPSURYePeQW iQ Whe WXUbiQe alRQe, b\ SRViWiRQiQg Whe SlaWeV

e[WeUQall\ iQdicaWed Whe iPSURYePeQW iQ Whe WXUbiQe VeWXS RQ Whe ZhRle.

4. TheUe iV aQ iPSURYePeQW iQ Whe cRefficieQW Rf SRZeU (CS) b\ SRViWiRQiQg deflecWRU SlaWeV

fURP 0.23 WR 0.27.

5. The VaYRQiXV URWRU iQ a clRVed ZaWeU chaQQel cRPSUiViQg Rf a VeW Rf deflecWRU bladeV

SRViWiRQed aW YaU\iQg aQgleV Rf 90�, 101�, 137�, 44� aQd 159� VhRZV aQ iQcUeaVed SeUfRUPaQce

Z.U.W WR a URWRU ZiWhRXW aQ\ deflecWRUV (b\ alPRVW 50% iQ Whe caVe Rf ȕ aV 101� [10]).

6. BaVed RQ Whe WiS VSeed UaWiRV, bRXQdaU\ cRQdiWiRQV aQd iQiWial cRQdiWiRQV aVVigQed WR Whe

WXUbiQe VeWXS, iW caQ be RbVeUYed WhaW WheUe iV a cRQVideUable iQcUeaVe iQ Whe cRefficieQW Rf

SeUfRUPaQce ZiWh a deflecWRU SlaWe ViWXaWed aW aQ aQgle ȕ aV 101� RSeUaWiQg ZiWh a TSR Rf

0.82 VhRZV a cRefficieQW Rf SeUfRUPaQce (CS) Rf 0.24 Zhich iV PaUgiQall\ diffeUiQg fURP Whe

e[SeUiPeQWal YalXe Rf 0.21.

NeYeUWheleVV, Whe VcRSe fRU fXUWheU iPSURYiVaWiRQ iQ Whe SeUfRUPaQce WheUeb\ leadiQg WR

effecWiYe aQd higheU SRZeU e[WUacWiRQ iV VWill Zide RSeQ fRU fXWXUe UeVeaUch ZRUk aQd

defiQiWel\ WakeV XV fRUZaUd WR cRSe XS ZiWh Whe iQcUeaViQg SRZeU dePaQd b\ PeaQV Rf

achieYiQg gUeeQ eQeUg\.
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