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Vorayos Ratanamart 2014: A Simulation of Water Flow through Vertical Axis Water
Turbine Using CFD Program. Master of Engineering (Mechanical Engineering),
Major Field: Mechanical Engineering, Department of Mechanical Engineering.

Thesis Advisor: Associate Professor Chawalit Kittichaikarn, Ph.D. 113 pages.

Hydropower is one of the natural sources of energy which has been used since human
ancestor. After electric power has been discovered, the hydropower has been applied to produce
electricity. In the last 4 decades, the water turbine called Water Current Turbine has been
developed incessantly following the same principle as wind turbine. It is also found that many
rivers in Thailand have potential to produce electricity. Therefore this research work focuses on
a study and application of vertical axis wind turbine 3 meter diameter and 3 meter blade length,
to be used in water flow. However the turbine was decreased to size of 1.5 meter diameter and

1.5 meter blade length according to the level of water in Nan river.

Computational fluid dynamics (CFD) program was used in this research to simulate the
flow over water turbine. The computer model was created and was analysed as 2 dimensional
flows. Turbulent model RNG k-epsilon was selected in this research. The validation of this
model was performed by comparing with the experimental data of Rawling (2008). The

simulation results show good agreement and similar trend toward the experimental data.

The simulation of Vertical Axis Water Turbine (VAWT) with 1.5 meter diameter and
1.5 meter blade length at water speed of 0.5, 0.6 and 0.7 m/s were presented. All three water
speeds have maximum power coefficient of 26.2 percent at Tip Speed Ratio (TSR) of 2.0.
Therefore, when reducing VAWT diameter and blade length to 1.5 meter, the impact of
changing flow speed and changing Reynolds number to power coefficient is insignificant. This
makes controlling of Vertical Axis Water Turbine to achieve highest power coefficient much

easier.

Student’s signature Thesis Advisor’s signature
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Double Multiple Stream Tube
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Vortex Models
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Cascade Model
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RANS Model
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2.0 0.0261864854 0.02181661565 0.01869661759
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2.75 0.01745329252 0.01586662956 0.0135982022

! 1 a { [ YE-Y) % gi 9 1 4 1
GﬂiNN‘u]ﬂﬁ N2 muiqmm?}ﬂmmﬂwumummmummumug{uﬂﬂmq 1.5 tUAT Gl,ul,maz

{ < ao’ (=Y
TSR 1A10657311 0.5, 0.6 18 0.7 1ATADIUN

1159TAMAY N-m

1590AMAY N-m

11590AIMAY N-m

TSR
@ 0.5 wasaeIud) | (0.6 wasaeiud) | @ 0.7 wasaedui)

0.5 25.159 36.409 53.376

1.0 42.984 62.367 85.397

1.5 31.173 45.104 62.006

2.0 26.797 39.282 54.219

2.5 9.966 15.34 21.946

2.75 0.886 2.327 4310




107

MANHIN U

9 1 %
Uayattuun



108

[EnEeyneesei'  ubUaLyl  LBLpLep] (1227 235 uesl]  CLBUTLTRIZMYAL = "UILE T WMIBLIEM
W__._n#...mm._,n 990 LEO 0 £E°0 am%ﬁn_n.m.h__,n_nn._u
e TEOET 86°ZST St'E8/ 007855 wnp
e B} B ) ) 00705 00°06 00°89¢ 00'09€ | LILMYALMBUICLEUTELE
‘Ie 19°¢ 04T 6T SS'T LILCEBMMUMEWILTLITYAL
e 96°L ses 8'9 9'9 LeRCEWBMBERLEY
Te 898 96™9 £'8 59 a.nMsFaWG_.naWSCWmH.nﬁ.u
WLLTLE/TE T 9c'9g 0£95 LS TTE S Z8T [EBLEBETIEMLLBE
“LELLETE SOEVT 60°/9T SLL 9'ITT LeRepBBae
“LBLLETE i i i i LETFT £799T 6L SITT BUELEWITBAS
“LELLETE 0DE'8ET T TOT 79°es SS90T EBLEBETILLTLAE
LLLETE 69°SET vL6ST £70L SOT LLCCUTYAE
‘e =74 0sT oS oLt CcLEU
ULE &= CLILE'R EEMACMTILEE ULE &=
= > = = LMELE E nuire m.F—E_nrr_vj_n_.ﬁ?wma C_nﬂ-nr.wma sEoE
CELTLIEN CLLTLIEN L[LRE[LELY L[LRE[LELL
BETLM - —
§ - r - [zoaml] [Toam] [g0ad] [£0ad]
wenLee CILMTILE
CLCELIEE BRIEUNERY
VLLTLE/ TE 950 150 ZE0 9E0 £€8°0 9E"0 1670 £2°0 BEeieLItLey
e 6Z°ES9 TEL S6'2 TZ'620T TOLZE £9°05 TEELT LT°0VE unm
e 00°E9¢2 00°LT 00'8T 00°00S 00°0TT 00°0S 00°0TT 00°0CT |LEWASERWICLLUIELLY
‘Ie =Y 'O 050 8T'C £6'T 10T ST 002 LILCCULMUMBLILTERE
TE TLS 6E'S ¥8'E i SIT 8674 TS £9'8 LERCEWMEUILEELLY
1 78S =)l vE'S ST TIT SE'E vZ'9 ST'0T BUECRBITERIUEIELLY
WL/ e e T5'S9E TL°E se'e 09°Z6€E LE6TLT 68T S/£'0ST o9t ¥9 ERLEBETIBULEVE
“LLLETE 95°55 VEET IT'EET | f02ET BLT 69 LTV 6€°T9C 7S'6LT LERCEWITYAL
“LELLETE £9°55 LTTIET ISVET | zTZeT 6°LLT 99" cEY TE'Z9T 0 T8¢ BUBCEWTBRE
“LBLLETE EETS v LT | £4°6TT | S86TT LV E9T 7L0TF ¥9°LS¢T 68'TLT [EBLEBETILLEYRS
LELLETE S8'6Y TOLEZT | LT6TIT | £9°41T 5997 TL6TF £0°95Z 68'0.T Lo BT YaE
‘re ost 0s ST ors 00T ozt orT OST oLeu
EIEMICMTILUE [E1W N [E1ME N ULE &= RSH?UWD,_.H Rrﬂﬂﬂnm_a.ﬂ —ﬂ_..__vw@nm..._..u RSH@E.M..._.H
CERCEEW R nr.wmﬂ..w ULETLLITBULBTLLIT BEENENELEELIL BERUMEE'E wRER EFEMEEEUE 2[EAE
——_— CELIEN  |[BWIENRLW| ULBELW | CELTUEN FEETIEN nYrenEey| CELTLIEN CELTLEN
[o0ad] [road] [coad] [zoad] [oond] [+ond] [zond] [Tond]
BLILGE CTLMTILE

CE-CELILEE BRIEULERY

v
AUDN

14

]

v
=

[

9
°

LU UAaZ WA UNATNITOUINN

@
o

YDUANNHUFAITNT ﬂ’J"IlI!E’Jﬂi

4

a

9

v
=

MNHEUINT V1

u

9
°

U

19

14

AU



109

[EnELUmieaci'e URMALUY LIBLRLBR] (|3A=] B35 UESIN)  PLRUNLIRIZWMPAS = UL BMIBLITH
e/ e £9°0 870 €470 [ReILEILLY
;e LO0'V8E ¥9°6S LI9'SEY unm
Te ) . ) ) ) 00TL 00°0s 00°0L LILMWAEME ML LEUIELEY
e 0o 6T°T €Z9 ..Wa_m.s:\c:awf,__.ﬂn\_%nm
e EV0'ET L €SE'6T _unaaws_.namn_cw)n_.aa
e 7561 8691 TEE'TT BLECLBITEMUEIELEY
WLTLE/ eI SET6T 6491 9T L1E [LBLEBBTIBH|LEVE
UILE'TE BEWLL SYE¥9 60¢6Y% LERCrBBnyze
UWE'TE i ) < i i SE6°LL 6TAEL £84°7S BLGERUTYEE
UG TE or'E9 ¥8LS 80°9¢ [RLERETILILTYAL
UILE'TE SBE'BS S¥9°9S 958'6C LiLeRI vz
i 06 0L 0ST CLEU
- EneBLYE shneLee | sineiLue
_ i _ ) LEnGnLL
URCEreM] VL | BEILLILMENILE |[ELESM]eLIL RERE
BEILK BERLBN a_mwm_.wﬁs BELLYH
- - - - = S10a1 1alL ¢1aL SrunLE
BweLEE
CELUMNLTLER
WLTLE/"TE 8C°0 69°0 10 19°0 - - T0°TT - [ECILEITLEY
. Te 8've 6S°CrS A= rL0we LT'sedt 8E&'CELY (4 Z0°'sT unm
TE 00°5E 00°0ET 00°6S 00°£9 00'6CT 00°0TS 00°1¢ 008t LILCVREMBUICLEUELEY
TE L0 LTy 85T 6S°E 05’6 0E'8 LS°0 E80 LILCCILMUMBRILILITVRE
TE [4°) vCET 6¥7°6 61796 SO TT 1SS'TT ¥89°8 98¢9 LERCRWIBUIBEMRLLY
TE [42) 81T°CT 9STET ECS0T 6L9°FT LVFEl 61°8 SZL9 BLBCRBIBUIVEELEY
WLTLE/ TETER 90°L L6°SLE BEET 66°LTT 2 - VTTET - [RLERETILU]LEVE
LLETTE 9S6'8Y 100°CE E£8ETE0T SST'TIE SBSE S16'5¢ £99°6Y L9 TET LERCrBBnyze
LLETTE 9S6'8Y 6£8°0€ 6¥T°LO0T 620°CE veese 118°9¢ ELTBY 990°ZET BLBCEWVITYAE
LLETTE SLEY £6°¢C LV'S6 01°'5¢ 0'EC 997¢¢ S5V 81°9¢T [ERLEBETALILTYAL
LLETTE OE0'EV T9L°8T EB68'E6 905'1¢ SYS'ET YIEWT £86°0% IrE'SET LiLeRI vz
TE 0L 08¢ 00€ 0T 0T 01s Sv 0z eLey
EMNEMLUE| EMELEE [T gty e [T ETWIA [T ETWTA EMnELUE | sMnefLue
CERMOUNTLLIT JoLc]e UEEMeLL
BriLLeg MREICE] | TLETIEMLILILI | SCCRMILIT | MELEWORATLTEMIERER]VE | CERUIEHILERT | LILMMWLNELINE] | BEOEIMLE ARRE
BEILK ZL BEeVn oL fery LUnLILER CRBUIETILIIEN CRBUIENLILIEN rLmize Mz
T1dlL 0TaL 6001 5001 v0oalL €001 c0dlL T00L CHLUTILE
BwELEE
CERUMALILIER

v
AUD

14

]

v
=

[

9
°

LU UaZ WA UNATNITOUINN

@
o

YDUANNHUFAITNT ﬂ’J"IlI!E’Jﬂi

4

a

9

v
=

MNAUINN V2

u

9
°

PUINADY

U

q



110

[ONEEVMELIE[E URMALUT LILWERLGE] (|]9A3] B35 UBSN)  CLRUTLLLRIRILILIAL = "VILETE WUIBLIEW
WLLTLE/ TE 0E'T St°0 - ¥Z0 - BETILEILLY
[l S¥Z0T 06'8ZT SO'TLS TL9ST SE80F wip
e ) ) 00°St 00°0L 00°L8 00°0YF 00°LET LILMWREMBMCLEUTELEY
Ie oSy LTE 95’9 Z6'E 86°C LILCBUMYMRLILILITOAE
TE TLTCT L6°0T TST'TT 8YO'ZT T9v'g LERCEWIBUIUETELEE
It LYTET €9°TT 909°6 TOE'ET 6078 BLECEUMRLILEIELEY
VLLTLE/TE'TER 8/°79¢ 0S°0TT . 647LE . EBLEBECIEK LEVE
UIETTE E¥Z’SST T6EPT TCTIST TI¥ 95T LES'89T LercLuTYae
UIETTE i i 6TT 95T LSTFT €LS°6VT ¥99°LST S8¥'89T BLECEBMYAE
UnETE LV LVT TC9ET £5°97T 8TSYT 90°E9T [ERLEBRTILILTYAS
UIETTE TL6TVT TE'ZET L£9676ET E9ETTT 9£0°09T LiteBUMYae
‘e [66] 06 [szeloTT [coz] ozT 0g 09T CLEU
TLUNMER'E  [[ELBELELUIEE MLUTIER FLUTIER
CRUTLILTLLIT CEIETE CEMLILLE
) ) FELWELE LU EBLYEMI #a.m_mm.w BLECEIMBLPEBLA =B=E
B ELLEN JELTLIEN FELTLEN CEMLILLE CEMLILLE
- - S0aL vodL £00L zoaL T0aL enunLE
WEMLBE
ALQUEE [LUELMBIER
WLLTLE/TE 0z'0 SE0 6070 89T ST'0 Zr o 10 BEIgIELEY
ST 6T°6E 99°9S ET'Tr LETT £8°08 TEEL ¥6'6ET wip
e 00°ST 00°8T 00°'SZ 00°0T 00702 00°sZ 00°SS LILMWREMBMOLEUTELEY
e 79°C 60°E 69T 0S'T rov £6'C ¥S'T LILeBUMYMRUILILITOAE
e £7E9 £ST6 YZLT 6/6°TT 6’9 S90'TT L8178 LERCEWIBUIUETELEY
e 559 STZ'0T 795°E TI6'TT 9z’L 618 TT 9618 BLECEUMRLILEIELEY
WLTLE/ e[ 2672 05S'6T 6S°E £T°SC LVET 68°0€ S6°ST [RLERBETIEK LEVE
UWETE | 6LOFET 69T TZE 875 92T TSYLET v1°0TE YTz 9/5°00T LercLuTYae
UWETE | 9OEFEZ LTTTTE 98€°SET 69E°LET 9% 0TE VLT Z0T 585007 BLECEBMYAE
UIETTE 8€°0€T 00°STZ TS ECE L6'9ZT vTLO0T 6TE6T €9v6T [ERLEBRTILILTYAL
UWETE | 9SL°LTT ZIGTTE vZ8'TZT SIV'SET TE0T SSE06T 620°26T LiteBUMYae
e or 0S s9 orT o€ 072 08 CLEU
BETE TLUTILERL & HERL BETE MLRENCEIME MLUTIER IEERL &
ELRELM'B MA@ TEETIREMEMAUTE | BLUTLLMILLIT CEIEE [iyrd =R MLLARLLT @
feEiLnnLnzeier femiLpELEBLL RRRE
Beiv BEMLLL m.rcam_uHWrzar.saamdrm MEMLILLYE CEMLILLYE CEILIZMLE CEMLELLE mmm,__.m
TNl [ 60NL £onL €0NL zZonL ToNnL CTLUTLY
WEMLBE

ALIEE [LUELNERER

v
AUDN

14

]

v
=

[

9
°

LU UAaZ WA UNATNITOUINN

@
o

3

ﬂJﬂﬁJﬁVlNﬂllﬁ"lﬁﬁg AITULIINT

a
u

9

v
=

MNNUINN U3



111

[OMREVMEERL[UE UBKALYY LILBERLBE] (j]2A9] B35 Ueajy) PLBUTLLITLIZILITYAL = "UIAL'TE == BMIGLITA
WLLTLE/TE - 7€'0 000 000 110 - Z50 17T o REeILLItLey
St 8CLveE TE0LET | CO'FFTIC | 6T'8FET S TLE9 68'L06T FEFIIT S T T SEy Wit
It 00°0LE 00'9TZ | 00°£9T | 0O'STT 00°TLY 00°06T 0062 0049 00FZT | LILMWALHEMCLEUIELEY
It £9°0T 88'S €08 [ ZEET 859 99°f 0€°€ Is'e LILeCMMUMBLILLT AL
Tt Tove S0t 9E'ST S0et SCEC TLTT SETT 59 98T LERCRBNBIILENLEY
It S0 EEVT | TT9T | TI66T IS°€T gzl 68°0T 60T 68T BLECRWIGIURITLLY
LLLTLE/ TETLE 1 ST'IEr | 000 000 75089 3 08845 06'99¢ SE08T EELEGETILK] LEBE
"UWETE T9°€TT ¥8'ETT | 9E'ETT | 9E'ETT 19911 LTETT S9YIT ¥'STT E'0ET LERCEWMYRE
"UETE 1021 ZI9TT | Z2vIT | 2Tvil €6'911T 96°CTT 6T VIT 86Tl 9'0€T ALECLOTYRE
UWETE £T°00T £9°£0T | €0°90T | £0'907T ¥£90T ¥0°£0T 96°£0T 0ZCIT TZ°STT ERLEBERILILTYAE
"ULETE 9'68 6£°T0T 86 TEV6 ZVE 9v°00T £€0T 6'80T LTTT LieEunwaL
i 004 00€ 00g 091 009 08E 0S¢ 0€T 0sT tLEU
LEMEE LEMEE | LEMEE | LEMNB'E| LBEMEE LEME'E | LEME'E [AUIZBERE| EOBIE'E
BB BLLE RIRRRLWEE
i) GUZRCUNGLIA | O ULIBL | MNULLLLE ANRL
peiv  |BRULLAGRILIW | BRLIEN |BRLARN efeLiien|  BitLim BitLIEN | it | e LN
L1851 9151 S1s1 SISL SSL 751 €51 Zs1 151 onMnLY
BEMLLY

GR_.;HHRG G_,ﬁc_._.hﬁ_mmn_

v
AUDN

14

]

v
=

[

9
°

LU UAaZ WA UNATNITOUINN

@
o

3

ﬂJﬂﬁJﬁVlNﬂllﬁ"lﬁﬁg AITULIINT

a
u

U

9

v
=

MNAUINN Y4

-
quiya



112

[GAREYMELEALE URMALUT LILBENLGE] (j242] B35 UB3A)  PLEUTLLLEIALMYAE = "UAL'TE == WML _
ALTLE/TE - - - 8t°0 190 50 9570 ey ABTILEILEY
Tt 6Z°60CT | BT'€8S | SZ'9ST ST'E9 79'82T FA=TA €E'66 8/°50T Wi
I 00°0€T 00's6 00709 0087 00°€8 00°€9 00°0F 00°0F LILTYREMBAIELEUTELEY
e 0€6 19 LTV TET ST 10T 81'C ¥9°C LILOBUIUMBIMLITYAS
e S8°CT 95°07T 788, fdsnd 60°0T ES°TT 90T LT 6T°0T LERCBWIBMUETELEY
I ST'TT 8L 818 519 €E°0T 9’1l 0L 8E'VT BLBCRBMBMUETELEY
wLne/reme) - - : SZ'0e | 10°80T 8989 €455 SS'vY ERLERBEIBU]LEWE
“BILETE ¥o'v B6'E ET°0T Z0'ZT L9701 VLV 97£'9Z £0'8¢ LERCBWITYAE
ULETE 'z ST'T 8TVOT TET 16°0T LETT 9T'971 Tt ALGEBBT YA
ULETE 670 £r0- 759 [E8 EE'E TS 0971 81°0T ERLEBETILITYAL
“UIAETE 188 1579 8YTT S0°L 8570 1€ 16 8L LiLeCu AL
T [szzlovt |[z£tlott | [esTl o | [ostlos |[oozl ozt | [£72] vOT [Togl 5Lt [z6z] 0TT LLEU
LELERE | LALERE | LALER'E | LALER'E | LALEEE LALEP'E LALEP & LALER'E
UMW E CENZEN R
FELRLIABE | LFILEJAE BULULIT|SLULE[TUL | LITRE[LAMEELY |WEWIULTOL | LEALILALACEINLA ARRE
Befu | [ELOLIUEN | [[LLILEN |[[LOLiLEN o CEMIEI CEWIEM up LUAL[ILELNBRINLI
6001 800L 0al 9041 S0adL ¥0aL €001 1001 UTLY
WETLLLE

m_n_.u_.m._"—,nﬁ _.c.um._.nFFmEmm,_

v
AUD

14

]

v
=

[

9
°

LU UaZ WA UNATNITOUINN

@
o

4

u

U

MNAUINN US GI?I}’EJJJE’IVINﬂNﬁ"Iﬁﬁi AITULIINT

9
°

YU

1)

q



113

52 3amMsfAnE tazmsiau

¥o WIBITOA TAUNA

Surdou fida 27 TUIAN WAl 2528

aouiifn T3INATUYT TINTANFANNUKIUAT
sz iamsanmn AAINTTUATATUUNA (‘3mﬂﬁmﬂ§'mﬂa)

PHINNAUNHATAIANS

v
v Y A

fmundaninnmInuagiv -

A o L
amu‘nmamﬁm;uu -

HANUAAUIAZ1IANIIITING -

(3

nuMsAnNInsy NUAIUGD





