creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804:21028-200000014176

A\
)
e
X,
)
a9
I-'E
o,
ol
:(:){:4“
1%
2
rJ
b
rg
-4

Design Optimization of Diffuser and Overall Performance

Analysis for Tidal current turbine by CFD

20184 24
S| st o &
71 A # & 3

A a4



20173 12€ 274

Collection @ kmou



i
4

LISt Of TABIES +reersereessrssssersersersesssssnsessessassesssessessesssssssssssessessssssssessessssssssenses i
LISt Of FIQUIES  soreersssssssssssssessssssnssssssssssssmnsssssssssssssmsssssssssssssssnsssssssssssssssnsssssssss i
ADSITACE weevseesersessessessesssessssnsssssssessssssssssssssssssssssssssssssessssssssssssssssenssssesssssessesses vii
LA &
1.1 GATEH T cevsercsstmstecsucastasncssussuscssustasessnsescascssisansansissssascssascasensasessens 1
1.2 ATETE o g W ™ Bl 3
R T e O R 7
2 8% B Bz A7
21 ZFHZ EHIO] BTGBl rerrrrssrsssisssisssisssisssisssisssisssssssssssisssses 8
211 SETE O]E crvsrrsserssssusssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssases 8
2.1.2 ACtUALOr ISk O] B seerssssssssrsssssssssssssssssssssssssssssssssssssssssssssssssssssssases 9
2.1.3 ZFQETE O]E sssrrssersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnns 11
214 DTN Q2 O]FE wrvmmrmsrrsssrsssssssssssssssssssssssssssssssssssssssssssssssssssssasans 13
215 DN Q A SETE O]FE crrmersssrsssrsssssssissssssssisssssssssssssssssssssinns 14
2.2 TKW ZE] B O] T A wrersmrsmersssrssssssssssssssssssssssssssssssssssssssssasssss 16
3. CFDE ol 4% =F%a gy 4% 4
3.1 S822 Q_]"c‘%] ........................................... - 19
311 2444 2D CFD AAZZA - e 19

Collection @ kmou



3.1.2 WE ST HAZTE coeernrssesessesssesssssssesssssssssssesssssssesss 23
Q)
o]

3.2 NACA-63421 <18 . - 36
3.2.1 AAMA D CED ZAIZRT ceveeresesessussssisisessinsssessissssessenens 36
3.2.2 YE S EA HAIATL wersrenrsserssesersssusssssssssssssssssssessssssassses 38

4 OFA 4A R VLEARL 183 J4 HH 3
41 TFA Z)EADA eeeeerereensnnee creessaresanesenssnnesaesssesananasanssnanas .~ 51
4.2 OFA 7124 A ) thdF CFD A58 A] weeeeresernsernnesnscsnnesunacnnes 56
421 AARA D CFD ZAAZZ verevsesensisisicssicssiississsisasisasens 56
422 JE GEA BAZ T} corrrerssersssrsssusssserssessssssssssssssssssessssssssssnss 58
43 HFS AN S 383 UFAY A HASZ e, 66
4.3.] HFL T H] csinnnecsicnscseitiecsisasinsaiasisinitasisssssssinsassssinsasinsasassssens 66
432 A 94 AA G CFD AAIZT] s, 67
433 YB 928 BAAT 9 B2 TEH AR e 71
4.3.4 HF-S A A AT ceereesnsnsenninineininin. 79

5. HFAE H&3 =744 EHlY CFD A4

51 AAAA 9 CFD ZAAIZT] seressrmsmsssssssesssssssssssssssssssssssssssssssssssssssasass 85
52 ZBEYY A%E7} versresssesssssss st aessssssssssssssssasssesssessens Q)
521 712 YA ol et ZFE R ASHTE eeeeeennee: 90
522 H5A HA3t ol 3 =FEH(S822)e] H5B7F - 94

5.2.3 YA H#3 g4l tie =FENNACA-63421)2]
> 7 E 104
53 HFAS A& =78 e S Ao HlaL s 114
B. ZLE  cvossininnsnnssissssssissnenenssssssssssensssssssssssssersssssssssasssssssssietessenasssssssesessares 120
REFETEIICES +erererersssssssssssssssssesesesesessssssssssssssssssssssssssssssssssssssssssssssssssssssssssesens 121

Blbhography eoe eooe eooe eooe eooe eooe eooe soee eooe -« 123
Aol 2

Collection @ kmou



List of Tables

Table 1.1 Technology level of marine energy in Korea(ZA 44143, 2011) -
Table 2.1 Summarization of NREL S822 design Parameters «essssssssssessessesscsnencnes
Table 2.2 Summarization of NACA-63421 design Parameters sessessesseeessesnceeecsneees
Table 3.1 Detailed boundary condition of used for calculation ssssssssssssessessessecsacs
Table 4.1 Detailed information of parameter (Ohya, et al. 2012) <eeeeseeeeee
Table 4.2 Specifications of flange-diffuser shroud condition for Typel -
Table 4.3 Specifications of flange-diffuser shroud condition for Type2 -
Table 4.4 Specifications of flange-diffuser shroud condition for Type3 -
Table 4.5 Detailed boundary condition used for diffuser calculation «ssessessssesses
Table 4.6 Design variable swwsssssrssssssssssstisssssssusssssssssssssssusssussssssssssssssses

Table 4.7 Detailed boundary condition used for diffuser optimization sessssssseesees

Table 48 DeSIgn pon’lts ..................
Table 49 CFED 1ESUILS eeeeeveceesssesssesccenccconcearccsescsencccenccesscsssccssscsencsnscsencces

Table 410 Optlmlzatlon Of deSIgn Varlable ..........................................................
Table 5.1 Detailed boundary condition used for turbine coupled with diffuser -

Collection @ kmou -



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

1.1 Korea’s annual tidal energy density(= 8] FZAFY www.nori.go.

kr’ 2013) ...................................... e D
1.2 Concept of vertical turbine(left) and horizontal turbine(right)

CONCEPL (O] E S, 2000) wseeerssssssssssssssmssssssssmsssssssssnssssssssnssssssssssnsssssssssns 4
1.3 Ducted type tidal current turbine by Lunar energy, UK(3+= 3}8}

T) 2T TFLD 2011 resssersserssesssssrusesssssrssessssasssssusassssassssssssssssssssssssssssssssssassses 5
1.4 Unidirectional ducted tidal turbine concepts(Belloni, 2013) <eeseeeeees 6
1.5 Conceptual floating type tidal turbine system wich is moored

10 the SeaDE@ screeeserrccerscesseceecceansecancerncsannccancsarcccarccasnccasscsanscsassasscsanscsanscanes 7
2.1 Idealized flow through an actuator disk(Kim, 2011) ceeseeseceeseesecsucence 8
2.2 Blade element and veloCity triangle ssssssssssesssssscsssssnsesniscsnisesnccnne 13
2.3 3D modehng Of NREL S822 sccesceesccenceenccenccenceanceanccenccencsencenccenccanccane 17
24 3D modehng of NACA-63421 - coceccceescecsces cosescceescecscee e 18
3.1 Computational mesh Of dOmain ceeeseeeeseecsescsenccenccencenctenccencennccnnccancees 20
32 Computaﬁonal mesh Of Dlade cceeeceecseecceeccecccenccencenncenncenccaecceacccenccancnes 21
3.3 Boundary condition for CFD analysiS seessssessseesesescenssesncscsncsnsncsncncanee 22
3.4 Surface streamline with TSR at velocity Of 1.5m/s «eeeseseenesceeenenee 25
3.5 Surface streamline with TSR at velocity of 1.8m/s ceeeeeseceesecencecenee 27
3.6 Surface streamline with TSR at velocity Of 2.0m/s «eeseseeessesceeenenee 29
3.7 Surface streamline with TSR at velocity of 2.5m/s «eeseeseseesecencecene 31
3.8 Power curve at velocity of 1.5m/s e sesasensacrasasacasacacses - 32
3.9 Power coefficient at velocity of 15m/s ........................................... 32
3.10 Power curve at velocity of 1.8m/s «eeesesseeeesecne sessssssnssnsnssnsncenee 33

Collection @ kmou i -



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

3.11 Power coefficient at velocity Of 1.8M/S sessessersersensenssnssusensensensensens 33
3.12 Power curve at velocity of 2.0m/s seseceeseseceeeses sesssensensnssnsnsees 34
3.13 Power coefficient at velocity Of 2.0m/s sessessessersensenssnssusensensensensens 34
3.14 Power curve at velocity Of 2.5m/s seseceeseseceeeses sesesasncsesasacsssasacs 35
3.15 Power coefficient at VElOCIty Of 2.5/S swsersersersenserssnssusensensensensens 35
3.16 Computational Mesh Of Dlade s wsesssssirsmmssssssmnsssssssssssssssnssssssssnses 37
3.17 Computational mesh Of hlade SECHON swwwersssessssssesssssssessssssersnsssnesase 37
3.18 Surface streamline with TSR at velocCity of 1.5m/s «eeeeceescencecene 40
3.19 Surface streamline with TSR at velocCity of 1.8m/s «seseeeeseeesecenee 42
3.20 Surface streamline with TSR at velocity Of 2.0m/s «eseeeseeeeeceeeneee 44
3.21 Surface streamline with TSR at velocity of 2.5m/s «wesseeeseeescene 46
3.22 Power curve at velocity of 1.5m/s seseceeseseceeseses R L L ¥
3.23 Power coefficient at velocity Of 1.5M/S sesessersersensenssnssusensensensensens 47
3.24 Power curve at velocity of 1.8m/s seseceeseseceeseses sessssnsassncsnsssnnees 48
3.25 Power coefficient at velocity Of 1.8M/S sesesersersensenssnssussensensensensens 48
3.26 Power curve at velocity of 2.0m/s seseseeseseceeseses sesesensansnsnsesees 40
3.27 Power coefficient at veloCity Of 2.0m/s sesesessesssessusesssescnsescusencases 49
3.28 Power curve at velocity of 2.5m/s «eeeeesececececees sesersssrereresesesnen ()
3.29 Power coefficient at VeloCity Of 2.5M/S swsersersersensenssnssusensensensensens 50
4.1 Parameters for diffuser (Ohya et al. 2012 «eeeeseseeesesnencnene w52
4.2 Parameters and 3D modeling of Typel diffuser «eseesssesseeneessscsncnnee 53
4.3 Parameters and 3D modeling of Type2 diffuser «esesesseseeneeessceneeeee 54
4.4 Parameters and 3D modeling of Type3 diffuser «eseesseesceneessseencenee 55

Collection @ kmou =i -



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

List of Figures

4.5 Computational mesh of domain and diffuSer «sssssssesssesssesecscscecences 57
4.6 Boundary condition for CFD analysiS sssssssssssssesescscscassusussssccncacares o7
4.7 Pressure contour from typel diffuser sessssssssssssssssssssnsensensensenssnsensense 59
4.8 Velocity contour from typel diffuser sesssssssssssssssssssssssssssssssssssssans 60
4.9 Pressure contour from type2 diffUSEr swsswssssssssssssssnssnssnsensensensensensense 61
4.10 Velocity contour from type2 diffUSer ssssessssssssssssssssussssssssssssassans 62
4.11 Pressure contour from type3 diffuser ssssesessessesssssmssmssnssnscnssnensense 63
4.12 Velocity contour from type3 Qiffuser «ssesssssssssssssssrsssisssssssssanes 64
4.13 VeloCity With fyPES «eesssssecsscsssnssessensnssinscnssnasensenssessenssnsseasenssnssensenssnase 65
4.14 Flow chart of goal driven response surface optimization < 66
4.15 Design parameter ssess-sssss AT oo coneconccnecsanssanssasssansansens 68
4.16 3D Modeling of diffuser R cereesnenenens S 1)
4.17 MESh Of JIffUSEL +ereseseesesssesssessanssassanssassanssasssassanasassasssassssssasasassanssassanns 69
4.18 Boundary condition for CFD analysiS reessssssssssssescscsssssususssssccncacaras 70
4.19 Setup Of TESPONSE SUIFACE swwsserssersssrsssusssusssssersssrsssssssnsssusasssasssssssnsncs 71
4.20 Sensitivities Of DPATAMELErS resssssescscsssssssssscscssususssssccnsasuseacs - 74
4.21 Flow velocity change with the diffuser curvature and length

Of the front Sectlon .......................................................................... 77
4.22 Flow velocity change with the diffuser curvature and length
Of the rear Sectlon ............................................................................. 77

4.23 Flow velocity change with the diffuser curvature and flange

Collection @ kmou v -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of Figures

4.24 Flow velocity change with the length of the front section

ANA TEAT SECLHIOM +eererresressesnssssssessessessessessessesssssessessassassassassassassassassaesans 78
4.25 Flow velocity change with the length of the front section

and flange NIght —eesesssssssssssssssmsssissssssssisssisssssssssssssssssisssssssssisnes 79
4.26 Flow velocity change with the length of the rear section

and flange hight s —t 1 4 cereesneeenens R 4¢)

4.27 Pressure change with the diffuser curvature and length of the

fTONE SECHIOMN  seeeresreresasses R~ A — O < 0
4.28 Pressure change with the diffuser curvature and length of the

TCAT SCCLIOIL we+srsssrnsesasesnasssaresasassscaserssanassessassssasssasasassssassaasssasssanssaassnanas 80
4.29 Pressure change with the diffuser curvature and flange hight 81

4.30 Pressure change with the length of the front section and rear

Sectlon .................................... v v seeesssessenssensssesssessensonuserees 81

4.31 Pressure change with the diffuser curvature and length of the

rear Sectlon ........... sone sone sone seoe sese 82

4.32 Pressure change with the length of the rear section and flange

RIGNE sresseesssrsssrsssssssstssstsss st s es 82
4.33 Performance analysis results for optimized diffusers «eesseesseeesee 83
4.34 Velocity contour of optimized diffuSer «sssssssessessessuscnsesussuscuscasences 84
4.35 Pressure contour of optimized diffuSer sessssssesessessnsesesessuscnsensences 84
4.36 Velocity streamline of optimized diffuser «ssesessssesesssessusescasuscacases 84
5.1 MeSh Of fUll AOMAINL swereererserserersersersrseressrsessessnsessessnsensessssensesssessesessens 87
5.2 Mesh of duct and DlAde seessssssssssesssssssnsssessssssnsssasssasssanssanssaasssassasasans 88

Collection @ kmou v



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.

List of Figures

5.3 Boundary condition for CFD analysis at diffuser «sssssssessessseessncenee 89
5.4 Surface streamline with TSR at velocity of 1.5m/s ceeeeeeeceesecencecene 92
5.5 Power curve at velocity of 1.5m/s e sessssssssssssetistitineas - 93
5.6 Power coefficient at velocity of 15m/s ........................................... 93
5.7 Surface streamline with TSR at flange height of 0.15D seeeeeeeseeeee 96
5.8 Surface streamline with TSR at flange height of 0.17D «weeseeeneeeee 98
5.9 Surface streamline with TSR at flange height of 0.2D «eseeeeeeeeees 100
5.10 Surface streamline with TSR at flange height of 0.25D «eeeeeees 102
5.11 Power variation with diffuser flange height «esesseeeesesessceneseseancns 103
5.12 Coefficient of power with diffuser flange height «sesseeesseeeeeesnees 103
5.13 Surface streamline with TSR at flange height of 0.15D «seseeeeee 106
5.14 Surface streamline with TSR at flange height of 0.17D «eeeeeeee 108
5.15 Surface streamline with TSR at flange height of 0.2D «eeseseenees 110
5.16 Surface streamline with TSR at flange height of 0.25D «weeeeees 112
5.17 Power variation with diffuser flange height «eesssseeessesesscensnesnancns 113
5.18 Coefficient of power with diffuser flange height «sessseesseeeeeesnees 113
5.19 Surface streamline with TSR at flange height of 0.17D for a
20KW tUTDINE  ceeeeeeeecersccenscrensceencceanceennccenscseancsensscascceascsssscceascssssscascsances 116
5.20 Surface streamline with TSR at flange height of 0.17D for a
BOKW tUTDINE  ceeeceeveceescccrcccnceeanccencccenceencerscccanceasccenscsenscsenccancssencces 118
5.21 Power variation with diffuser flange height «eesssseessseseescencncsnances 119
5.22 Coefficient of power with diffuser flange height «sesseeesseeeesesnees 119

Collection @ kmou i -



21
=

gl

tl

T

-

5t

I<]

2

—5
12

1

ey,
Z

°ol-&

)

] Foll 4| 7}

SFi/

&/

I3

A8
KL

of

7

1

O}
!

2FBAE OFAY AH4A

A 2ol

1,400%HW <
HH, 53] AAZHOoRE HY

2 el

T

BN

f ol 1 #] 2

CFDE &¢&

-
T

o

F

—_
o

74 A

kv
I

]
|22} 3}

-
T

3

o

of whel T

ahu] 1o we} 4o

7}s

=

Fdgol <
- Vil -

o Azl

=

=

A APAT

S

Collection @ kmou

HETH



3 RA SR NACA B SAlE= oo ds A8 2RTdENs A7
AAEIG o, o] HuE dig s A, =8, FY FF
°of T7F= flall = ol AEE HFAE AAste] (Fhaljds &l W
& BstE gelagi. 2Ea fHFAE A8 2T HE e e
S Fsion, Ao AU wE DM S T3l EIRle] A G
BE8e Fselt.

KEY WORDS: Tidal current turbine Z E|®l; Diffuser ©l5; Performance analysis

A% 4; CFD AA4HfA1 93k Response surface method B3 HH.

Collection @ kmou - viii -



Design Optimization of Diffuser and Overall Performance

Analysis for Tidal current turbine by CFD

Kim, In Cheol

Department of Mechanical Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

It is estimated that there are 14,000,000 kW of marine energy in the
coastal area of Korea, especially in the case of low tidal currents in
the world (Yang et al., 2006). So, there is a very favorable
environment for use that energy potential. Unlike tidal power
generation, tidal current generation does not need to build a dam,
requirements are to select a place where the flow of the tidal current
1s fast enough to install and operate a water turbine generator.
Faster the flow velocity, greater the power generation of the tidal
turbine and the economic efficiency is secured accordingly. However,
according to the results of previous studies, 1t 1s necessary to
install the turbine at an average flow rate of 2 m/s or more in order
to economically secure the turbine. Studies are underway to improve
the output of the turbine system. These studies are mainly focused on
increasing the flow rate to the turbine or adding the turbine as
before. In this paper, it is aimed to develop a tidal power generation

device suitable for low flow area. To improve the performance of a
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tidal turbine, a unidirectional diffuser is combined into a tidal
turbine in order to increase the flow rate. In the first analysis, a
tidal power turbine with NACA and S series airfoils was designed, and
the performance of these turbines was analyzed. In order to increase
the inflow velocity, a diffuser suitable for tidal power generation
was designed and CFD analysis was used to confirm the internal
velocity change. The performance analysis of the turbine with diffuser
was performed and the trend of the turbine power factor was confirmed

by CFD analysis according to the scale of the device.

KEY WORDS: Tidal current turbine Z=-F¥]Hl; Diffuser ©3#]; Performance analysis
A% 4; CFD A4H#A 93k Response surface method B3 HY.
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s 9EY ZF HAElol ow, OpenHydro GroupAhe] Open-Centre
turbine= 6712 Bl ® FAHH 2 sXo] AgHo o, FoldAe s
Qroll 100MW ++x9] %23 WHd4E LS 5 A= 7S H*AHOpenHydro
Group Ltd.,2013). Atrantis Resources Corporation Pte AF¢] solon E{HlL HX2E
E vkl 100kW, 500kW, 28l IMWE 483 st oh.(Mehmood, et al.
2012), =3+ Fig. 149} 2o] @¥dF YEZY gl figk d7% 3 Ha 3

‘jr. $E HE HRle A5 HEZF e A Hlste] f@FE SIS

t}.(Shives, 2011) T3l =
Abolz 9] WA S A|F$tE (Belloni, 2013) 1 o] f+= 2~3m/s¢] fF&olA MW=
o AAE FAI] AslA= BA Aol 10~20me] A7|E 7HA7] w&ol
sl gk HA o] Wi Ath(Belloni, 2013)

Fig. 1.2 Concept of vertical turbine(left) and horizontal
turbine(right) concept (¢]&] <, 2009)
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Table 1.1 Technology level of marine energy in Korea(=444 %913, 2011)

\ SSAHEFE) SHEE%)

SHAI 7| =

HaiEEE, N B A | Bz | Ay | B2
ZE30) 83.1 86.8 83.0
ZxE((25) 83.9 86.7 84.2
— 80.2 84.4 81.2
=4 (30) 78.0 83.5 80.5

Sl s=2 = X}0|&(15) 72.8 77.3 73.7

A2 mA R0l

Fig. 1.3 Ducted type tidal current turbine by Lunar Energy,
UK(&=3tet7]<7] 8% 7,

Collection @ kmou “s5-
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(a) BluStream by Guinard (b) G-TT by Green-Tide
Energies(2013) Turbine Ltd.(2013)

(c) Underwater electric kite by UEK (d EET SeaUrchin by Elemental
corportation(2013) Energy Technologies Ltd.(2013)

Fig. 1.4 Unidirectional ducted tidal turbine concepts(Belloni, 2013)
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ZRENE 2REE MESLS BAFe] Frs FAHCl YTk B

B ARATE Aveld EREME AL Fusr] AT BA) gas B
B fo] 2mfs o4l ZolH HAE Holop AAAe] HuEmE HX i
of T Aol Utk EREUALS] FHFFS AN HNoE F95
&S SIS RS AN ol BN Fkstel Ageti W ol
3.0 oA e a5 7

s OFRAZ FUsHE RA A
NACA 2 SAEz= ol§e 283 ZRUAHUNS 247 dAsgow, o g
Sol U A5 Ae FASAG B Gl FUHE 75 78 A9 0
FAE At CFDSA S Bl & WsE Festar. Telx UFA
g g3 2FTANY ASANE FASFFO, FA 2ALA wE
CED3I4 & F3) Hule 28A%e A%4L FAsh Aoz o8 §
) ZFRBAL NG OFAL A B HFAL AHUA PHE SE50A 3

AT,

=
X

by

# Float
Mooring method
Stabilization fluid design

[ .

» Flow rate increaze
- Diffuser type e
) ! ) AL an

» Attitude contral

T

# High efficiency turbine i "

- Turbine with duct effects 'u | > Watertight system

. / -Magnetic coupling

: [[[[H / : -_‘.I-I.I ) ¢ "

el

Fig. 1.5 Conceptual Floating type tidal turbine
system wich is moored to the seabed
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A2 FHS HY EFol= AA

21 4% Hule] 278

211 LFF o|&

2 o] &2 Rankined] 9&lA Hx= s)Ex o] Frouded] o&)jA 7/ 1
AE N, FY9 Betze o] FAQ EH EHol=E9 a&S A4 A H(Kim,
201D ©] o]g Fig 213} o] yx=3 AFe f¥& txa dudug %
I, 23 Fe= g2ang 2 g9ddS z2heh(Kim, 2005)

[e)
R

| oA wgko] Tt A, oA 1
ffle] eEFe mEF ool BT waA Eule FFe

o
T =1 T
&S AAaHT FHY gHde Sk, SR e adth(lee,

Po Control Volume

i

Fig. 2.1 Idealized flow through an actuator disk(Kim, 2011)
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2.1.2 Actuator disk °]&

22 actuator disk o]&ol 93] =2 4 UG o
2ol Ao 7 7MAF Y Fte diskz 7Rt o]
&3} sk3l |?‘r(Klm 2011) oA ®B=Ez2] HFo| 93] Fig. 2.19] ZE X ollA

© L Aol Aurtek 3t Fig. 21914 Vool o] HYe F3std
A YA = EHHl FFEHO FE5E weE AEHG. o £ExE4HE <l
st @ F7EeE Ps-Poo] ARSI A7IH vl 2ol AHEleh & oS

Z5E Oa3 Zol ALE + Utk

t2F0) 288t I 4 Q.DF} 2o

T=(P;— P,)A 2.1

Disk %2 FA& metA vl=50] F2& A8t 4 (2.2), 2.3)°|t

Py+ pVO P3+ pu 2.2)

P, + %qu =P+ %pu% 2.3

o714 POsk PLE Ti7]9Fo.% 7PH3IA txae Afel g 4 @4)
sh o] ®A @ % Stk

1

Py— Py = 5pl Vi—uj) 2.4)

mEbA g3yt Be e 24 259 2u {4 tiste dA&5HHA S

A g3to] Stream tubeo] thsle] SWFEETF o]ES &t IFHL2 2 (2.6)
I 2.

:%pA(Vg_u@ 2.5)

= pAu(Vy—u,) 2.6

A F5S Fakd 4 QDI 2o
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(2.8)

u= Vo(l—a) (2.9

= T e duAEA A 2C9F =
& 7oA 2 (2.10), 4 Q1D 2

1
= 54 V,(1—a)[Vi— VE(1—2a)?]

P 9
Y R 2.11
G, opd g) a(l—a) ( )

rr

ol Hd JE&L avt 13¥ W G Hurt HH, olwe] &Y AF
59.3%7} €t} °o]A L BetzAlg et Tt

Collection @ kmou 10 -



213 5% ol

=)
P~
riot
o
o
o
LS
ofo
9'1',
rlr
il
lu
rlr
o
o
offt
_‘L_]‘
QL
rlr
o
all
fo
N
o
off
oft
3
ot
o
_V\_l‘

6Q=pdA U, (1—a)20a'r? (2.12)

AN Mod, e BF PO WAL oudtt FFEIE 02 TN, F

SP=5Q0 (2.13)

AA oA = A QIE FEAF a2 Fsty =99 TS 15
2 (2.15)9F Zth

P=2pA, U2 a(l—a)’ (2.14)

SP=2p6A,,, U2 a(1—a)? (2.15)

2 (2159} EFe 93] =8 T8-S Zoa AFgsid 4 (2.16)3 2t
U2a(l—a)=2%r* (2.16)

Beol= W d&mst f

2173} o] EAEY Fx

4
Lo

H| S F<H|(TSR, tip speed ratio)z} atH 2
=HE 2 (2.18)3 2t}

4

R

A i

2.17)
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\= (2.18)

a(l—a)= X4 2.19

By o WAL omer ©|EE F T FRE 2 2128 HEsd 4
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2.14 /84 o]

ol
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olt}. o]AL Fig. 2.2¢9F o] Erjato Z&
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ol
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At Fig. 2.2
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ot
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o}.(kim, 2011)

2 JEH 4 (2.23)7 o] FoHTh

5}

Fig. 220X L, D= ¢4
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(2.23)
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o OgE=E
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Fig. 2.2 Blade element and velocity triangle
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Be Bge shgelea AzE,

NAHS Belolsel gste % ¥F Frldsta W 4 208 2ok

pU., (1—a)27rér < 2aU,, = dnpu’ a(l— a)rér (2.25)

TR 3R ofs) s dEAstE 4 22003 20 std, S BFL
2 283t e 4 22D 2

—_

P, (24’ r)? (2.26)

drop.1 — 5

F= —(2d' Qr)* < 2mrér 2.27)

o o= 23 9 5 9loH, FHEde 4 @ 28))% ﬁﬂ

%p W2 Ne(Cycosp+ Cpsing)dr = 4np[UZ a(1—a)+ (a' 2r)* |rér (2.28)
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o] A& gEsta 4 2299 2

W2
U 2

N%<0Lcos¢+ Cosing) = 8rla(l —a) + (a'\)2 ) (2.29)

Edlol=o B 9% & A 2 (23003 o] A

(8Lsing— §Dcos)r = %p W2NC(Cpsing— Cpcose)ror (2.30)
7t EF5F ASES mxX Uy, - wia®1 B2, 2 23D 2o
pU., (1—a)2r2a' r2mrér = 4np U, 2ra’ (1 — a)r’or (2.31)

A2 AYstd 4 (2.32)9F 2

w?r ¢

" NE(CLSinqﬁ—CDcosqb):Sm\uQa'(l—a) (2.32)
= e 5T WS o] ¥ A (2299 HARE Yo ZRE f
T3 2 (2.32)8] FHEA T d8A o #HE = &g 2 (2333 o] A3}

= [e)
| il il =3
st A (2.34), 4 (2.35)¢ 22 H<estE o2 FAHT

Cicosp+ Cpsing = C,, Csing— Cpcosp = C, (2.33)

g

——C/] (2.34)

!

1—a 4sing* *  4sin’p "’

a/ _ Oy C;/
1+d’  4singcos¢o (2.35)

dol= &Y E(solidity) o= ZH Z@ol=9 XA IAR[H F &
o] zAs= BIE Tk, 2H EEolE A 3 AF drlel %=

Folth. 21(2.36)
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el 4 (234, 239 U & TIHE HEI Befo
& WA 5 Qorl, B, B3 5o B #ES ALY 5 Yo

BEMTel 9 A7 % AsH7le “ZE Zdol= w4 Wdoz APsis
S5 /Y g oY =829 7Hg sl I Ao 5 2H Edol=
ARl fFYEE 559 F HIFARES S U¥oR I dAsA fAEY
© Aot sHARE Edd 8 =M e EE wo] YRR, Y &
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ROOT

TIP

Table 2.1 Summarization of NREL S822 design Parameters

Span Radial Distance| Chord Length Twist Twist Axis
(m) (mm) (Deg) (% Chord)

0.05 0.068 190.27 30.59 30
0.1 0.136 183.77 29.73 30
0.15 0.203 177.26 24.35 30
0.2 0.271 170.76 19.66 30
0.25 0.339 164.26 16.05 30
0.3 0.407 157.75 13.32 30
0.35 0.475 151.25 11.2 30
0.4 0.542 144.75 9.54 30
0.45 0.610 138.24 8.2 30
0.5 0.678 131.74 7.1 30
0.55 0.746 125.24 6.18 30
0.6 0.814 118.73 5.41 30
0.65 0.881 112.23 474 30
0.¢ 0.949 105.73 417 30
0.75 1.017 99,22 3.66 30
0.8 1.085 92.72 3.2 30
0.85 1.153 86.22 2.76 30
0.9 1.220 79.71 2.3 30
0.95 1.288 73.21 1.75 30
1 1.356 66.71 0 30

Fig. 2.3 3D modeling of NREL 5822
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ROOT

TIP

Table 2.2 Summarization of NACA-63421 design Parameters

@

Fig. 2.4 3D modeling of NACA-63421

_‘]8_

Span Radial Distance | Chord Length Twist Twist Axis
(m) (mm) (Deg) (% Chord)
0.05 0.068 137.4 28.8 30
0.1 0.136 132.7 28.0 30
0.15 0.203 128.0 22.6 30
0.2 0.271 123.3 17.9 30
0.25 0.339 118.6 14.3 30
0.3 0.407 113.9 11.6 30
0.35 0.47 109.2 9.5 30
0.4 0.5642 104.5 1.8 30
0.45 0.610 99.8 6.4 30
0.5 0.678 95.1 5.3 30
0.55 0.746 90.4 4.4 30
0.6 0.814 8b.7 3.7 30
0.65 0.881 81.0 3.0 30
0.7 0.949 76.3 2.4 30
0.75 1.017 71.6 1.9 30
0.8 1.085 66.9 1.4 30
0.85 1.153 62.2 1.0 30
0.9 1.220 bib 0.6 30
0.95 1.288 b2.9 0.0 30
1 1.356 48.2 0.0 30
|
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311 A=A 2 CFD AA=A

A S8225 Ag3sle] AAE Ae ZH HHlY A E 3 T &
Fo|2g 3 7|E A HAE nxl EFol=5 CFD &4& &3}
o Y3 A S Bt d=A 2] Y3 A4S F3FI.
Fig. 3.1& AA F5Ho 3k AAE RolF1 9al, Fig.
o E X
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Bule] AA4E Ho Fu Qo Urnde A mel 5w B A4
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S F Rl AxrAde] 4
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Grid Interface)e] =71E& ALstHth. Mg A4 274 Table 3.19

At

Table 3.1 Detailed boundary condition of used for calculation

UER)

Computational mesh node

8,400,000

Mesh type

Multi block Hexa

Simulation type

Steady state

Turbulence type

SST

Fluid water of 1 phase

Inlet Velocity / 1.5,1.8,2.0,2.5 m/s
Outer wall Opening / 0 Pa

Outlet Average static pressure / 0 Pa

ICEM-CFD & ANSYS CFX ver. 13

Fig. 3.1 Computational mesh of domain
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Fig. 3.2 Computational mesh of blade
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i Qutflow(static Pressure)

i

Periodic mrfnu{GGQ u
w a0t

'Periodic surface(GGI)

Inflow({Normal velocity)

Fig. 3.3 Boundary condition for CFD analysis
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312 WF /5% £423%

2ZH By 32 29 949 vud & S HEI] wiEo
o] o3 sEo] RHUORERE olgsty] g d¢ FHOEHREH o|gH
352 Edols $Wog wmMAUrtA Xt 2H IHorRyH TAS=
A 7HEE 9 b Ao s Bl xHe wEt § W R M= &
A Kot ol& W3 F(radial flow)z}t at™, wh7ho] ®wslie}l A Eeol=
oA A& xYste F83 2471 "rk.(Corten, 2001)

&
Fig. 345 47 #%0°] 1.om/s¥ w], TSRe| w2 F <Y (suction side)e] ®#
=]

A4S BT 9loh. TSR 4.77E TSR 6.69A4 & s EAAFE |H7kA 1Hb7
F7h AAE o] Aol MASHE AL AT 4 Atk L o Fe TSR 7.1%H
TSR 95X A7 E 32 2w Add dqods Axdae] ol AL

g 4 Ut

Fig. 3.5 A7 40 1.8m/s¥ wWe] FYHe &9 F
TSR 4F¥ TSR 7AA7A] Aol A7 &= s AT
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e AT 4
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Fig. 3.7 47 <o) 25m/sellAe] FHAFAS BoFa 9om, TSR 4~7
ARoem, TSR 8~10 7R = 3B

& OYEZE BAFa Jom, TSR 8% AHoA Ao E&HS sUsA B
%3 Ik olm) EEL 043¢ EEL HolFm, HA FLu TNE &%
Tgo] Padte 2L FAY F UYWL, TSRe| e FYF HEALE Hof
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T3 Utk =% A TSRo] FoF TSR 5 olstollAde= && 9 EHo| 3473

dojA &= Ae & st

(b) Surface streamline - TSR 5.7

S T

(d) Surface streamline - TSR 7.1
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(f) Surface streamline - TSR 8.0

T

() Surface streamline - TSR 8.5

(h) Surface streamline - TSR 9.5

Fig. 3.4 Surface streamline with TSR at velocity of 1.5m/s
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(a) Surface streamline - TSR 4

(b) Surface streamline - TSR 5

(¢) Surface streamline - TSR 6

(d) Surface streamline - TSR 7

g

(e) Surface streamline - TSR 8
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(f) Surface streamline - TSR 9

T

() Surface streamline = TSR 10

ce streamline with TSR at velocity of 1.8m/s
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(c) Surface streamline - TSR 6

T

(d) Surface streamline - TSR 7

= T e

(e) Surface streamline - TSR 8
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Ty

(f) Surface streamline - TSR 9

i

LAy

() Surface streamline - TSR 10

Fig. 3.6 Surface streamline with TSR at velocity of 2.0m/s
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Output power [W]

Power coefficient

4500
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—&— U-15m/s
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Tip speed ratio

9 10

Fig. 3.8 Power curve at velocity of 1.5m/s
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0.35 ~
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0.20

,./-"\

—8— U-15m/s

Tip speed ratio

9

Fig. 3.9 Power coefficient at velocity of 1.5m/s
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8000
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6000 -

5000 -

4000 -

Output power [W]

3000 ~

2000 T y y T T

—8— U-1.8m/s

3 4 5 6 7 8
Tip speed ratio

9 10

Fig. 3.10 Power curve at velocity of 1.8m/s

0.45

11
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0.35 A

0.30 A

0.25 ~

Power coefficient

0.20 A

0.15 A

—8— U-18m/s

0.10 T T T T T
3 4 5 6 7 8

Tip speed ratio

Fig. 3.11 Power coefficient at velocity of 1.8m/s
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Output power [W]

Power coefficient

12000

10000 -

8000 +

6000 -

4000 +

2000 +

—8— U-20m/s

6 7 8
Tip speed ratio

9 10

Fig. 3.12 Power curve at velocity of 2.0m/s

11

0.45

0.40 A

0.35 A

0.30 -

0.25 A

0.20 A

0.15 -+

0.10

Tip speed ratio

Fig. 3.13 Power coefficient at velocity of 2.0m/s
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Output power [W]

Power coefficient

21000

18000 -

15000 A

12000 -

9000 -

6000 -

—8— U -25m/s

3000 T T y y y T T
3 4 5 6 7 8 9 10 11

Tip speed ratio

Fig. 3.14 Power curve at velocity of 2.5m/s
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Fig. 3.15 Power coefficient at velocity of 2.5m/s
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3.2 NACA-63421 3
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Fig. 3.17 Computational mesh of blade

section
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(d) Surface streamline - TSR 7.1
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I

(f) Surface streamline = TSR 8

B L

(g) Surface streamline - TSR 9.5

Fig. 3.18 Surface streamline with TSR at velocity of 1.5m/s
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(c) Surface streamline - TSR 6
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(d) Surface streamline - TSR 7
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(e) Surface streamline - TSR 8
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(f) Surface streamline - TSR 9

() Surface streamline - TSR 10
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Fig. 3.19 Surface streamline with TSR at velocity of 1.8m/s
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(d) Surface streamline - TSR 7
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(e) Surface streamline - TSR 8
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(f) Surface streamline - TSR 9
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(9) Surface streamline - TSR 10

Fig. 3.20 Surface streamline with TSR at velocity of 2.0m/s
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(b) Surface streamline - TSR 5
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(d) Surface streamline - TSR 7
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(e) Surface streamline - TSR 8
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(f) Surface streamline - TSR 9
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(g) Surface streamline - TSR 10

Fig. 3.21 Surface streamline with TSR at velocity of 2.5m/s
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Fig. 3.23 Power coefficient at velocity of 1.5m/s
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Fig. 3.25 Power coefficient at velocity of 1.8m/s
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Fig. 3.26 Power curve at velocity of 2.0m/s
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Fig. 3.27 Power coefficient at velocity of 2.0m/s
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Table 4.1 Detailed information of parameter (Ohya, et al. 2012)

Experimental model Long style Compact style
Type of the blade NACA blade MEL blade
Diameter of throat D 600 mm 1020 mm
Diameter of hub D, 022D 0.13D
Diffuser length L 1.25D 0.137 D
Inlet length + diffuser length L, 1.5D 0225 D
Height of flange h 05D 0.1D
Tip clearance s 10 mm 10 mm
Semi-open angle 6 12° 12°
Reynolds number, Re, based on D 2.2x10° 5.5x 107
Experimental velocity U 6 m/s S m/fs
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p19=250,0

p16=500,0

Fig. 4.2 Parameters and 3D modeling of Typel diffuser

Table 4.2 Specifications of flange-diffuser shroud condition for Typel

Diffuser curvature R 0.52D
Diffuser length L 0.38D
Height of flange h 0.1D

Tip clearance 10 mm
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=250,1

p77=345,0

p86

Fig. 4.3 Parameters and 3D modeling of Type2 diffuser

Table 4.3 Specifications of flange-diffuser shroud condition for Type2

Semi open angle 0 12°

Diffuser length L 0.14D

Height of flange h 0.1D
Tip clearance 10 mm
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p86=250, 1

p77=345,0

p87=220,0 | .

Fig. 4.4 Parameters and 3D modeling of Type3 diffuser

Table 4.4 Specifications of flange-diffuser shroud condition for Type3

Semi open angle 0 12°
Diffuser length L 0.22D

Height of flange h 0.1D
Diffuser curvature R 0.23D
Tip clearance 10 mm
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Table 4.5 Detailed boundary condition used for diffuser calculation

Computational mesh node 1,739,890

Mesh type Tetra-hedral, prism
Simulation type steady state
Turbulence type K-Epsilon

Fluid water of 1 phase

inlet Velocity / 1.5 m/s

outer wall Opening / 0 Pa

outlet Average static pressure / 0 Pa
Workbench mesh & ANSYS CFX ver. 13
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Fig. 4.5 Computational mesh of domain and diffuser
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Fig. 4.6 Boundary condition for CFD analysis
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Absolute Total Pressure (Pa)
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Fig. 4.7 Pressure contour from Typel diffuser
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Fig. 4.8 Velocity contour from Typel diffuser
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Fig. 4.9 Pressure contour from Type2 diffuser
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Fig. 4.10 Velocity contour from Type2 diffuser
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Fig. 4.11 Pressure contour from Type3 diffuser
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Fig. 4.12 Velocity contour from Type3 diffuser
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Fig. 4.14 Flow chart of goal driven response surface optimization

Collection @ kmou - 66 -



432 4A 84 A 8 CFD ZA=A

Fig. 4152 2D Rdd& HoFa lon, RddS 93 4714 HE4E o
F3 Utk I FollA Wzt 9o2 FAE REo] AAWsolr, HAMSFE T
FA Zolg AASE oo Fujiel 158, Vsl SR Hol2 HIE
L63, tFAY FES AA3= RHIE HEFE Fof Rdd S 3tHon, tFA
o] FAE 10mm=z vAFPoH, tFAe A7l =FENY AHDS 7+

#2 Table 4.63F 2t}

Fig. 4.16& AA £
£5 5 95l 10° 7 A= shATh

Fig. 4.17¢ AAR ] AL AAE RoFi 9low, A2 Tetra-hedral,
prisme Abg3tH o™, AALe] 7§42l noded & ¢F 88wH/lo]w, Workbench
meshS Al&3le] AASIATY. F5a4S 487 =2 ANSYS CFX ver.13& At
£33, FAe =& ARgstiom, afAed i A =21 2 gAHde
Table 4.79] YeERJ At} Fig. 4.18-2 ANSYSY CFXsl|4 & 93 HAAZAE H
Fai o, IR {FEEE HFA A7 AT WFE 3, AEZUFer
v, S5 Wgo g T} wEe fE5AS SGERStY ALHAAY FHo| Fag
A= D AHREE AT E=I 10° T FASAT] wEel el A =

< Tt ALke 3 skt

b

Collection @ kmou - 67 -



Table 4.6 Design variable

Design variable Dimensionless number value
L58 0.178D
V36 0.199D
L63 0.09D
R59 0.522D
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Fig. 4.16 3D modeling of diffuser

Fig. 4.17 Mesh of diffuser
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Fig. 4.18 Boundary condition for CFD analysis

Table 4.7 Detailed boundary condition used for diffuser optimization

Computational mesh node 890,000
Mesh type Tetra-hedral, prism
Simulation type Steady state
Turbulence type K-Epsilon
Fluid Water of 1 phase
Inlet Velocity / 1.5 m/s
Outer wall Opening / 0 Pa
Outlet Average static pressure / 0 Pa
Workbnech mesh & ANSYS CFX ver. 13
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Table 4.8 Design points

A B C D E

1 Mame * | P10 -Radius (m) ~ | P11-frontdistance (m) ~ | P12 -reardistance (m) ~ | P13 - flagnehight (m) .=
2 8 1.4272 0.48559 0.55 0.1

3 10 1.3267 0.4514 0.44437 0.15916
5 11 1.5277 0.4514 0.44437 0.15916
5 12 1.3267 0.51979 0.44437 0.15916
[ 13 1.5277 0.51979 0.44437 0.15916
7 14 1.3267 0.4514 0.65563 0.15916
8 15 1.5277 0.4514 0.65563 0.15916
o 16 1.3267 0.51979 0.65563 0.15916
10 17 1.5277 0.51979 0.65563 0.15916
11 1 1.4272 0.48559 0.55 0.3

12 2 1.2845 0.48559 0.55 0.3

13 3 1.5699 0.48559 0.55 0.3

14 5 1.4272 0.43703 0.55 0.3

15 5 1.4272 0.53415 0.55 0.3

16 [ 1.4272 0.48555 0.4 0.3

17 7 1.4272 0.48559 0.7 0.3

18 18 1.3267 0.4514 0.44437 0.44084
19 19 1.5277 0.4514 0.44437 0.44084
20 20 1.3267 0.51979 0.44437 0.44084
21 21 1.5277 0.51979 0.44437 0.44084
22 22 1.3267 0.4514 0.65563 0.44084
23 23 1.5277 0.4514 0.65563 0.44084
24 24 1.3267 0.51979 0.65563 0.44084
25 25 1.5277 0.51979 0.65563 0.44084
26 9 1.4272 0.48559 0.55 0.5

Table 4.9 CFD results

A B C D B F G H

i Name ~ | P10 -Radius{m) ~ | Pil-frontdistance (m) ~ ight (m) ~ | P2-Ve(ms~1) ~  P3-Forcedf(N) ~ | P14-Pre(Pa) .=
2 20 L3267 0.51979 0.44437 0.44084 2.2075 332,17 -253.38
3 21 1.5277 0.5197% 0.44437 0.44084 2.1743 531.31 -248.17
4 18 13267 0.4514 0.44437 0.44084 2.1579 557.51 -244.36
5 19 1.5277 0.4514 0.44437 0.44084 2.1413 556.53 -244.29
[ 9 14272 0.48559 0.55 0.5 2.1945 690.28 -238.17
7 5 1.4272 0.53415 0.55 0.3 2.2449 37159 -224.83
8 2 1.2845 0.4855% 0.55 0.3 2222 398.04 -223.25
9 14272 0.48559 0.55 0.3 2.2098 387.15 -220.17
10 25 1.5277 0.51979 0.65563 0.44084 221 647.41 -217.97
11 24 13267 0.5197% 0.65563 0.44084 22298 676.28 -217.77
12 3 1.5699 0.48559 0.55 0.3 2.1923 379.81 -216.33
13 4 1.4272 0.43703 0.55 0.3 2.1794 403.34 -215.05
14 6 L4272 0.48559 0.4 0.3 2,1495 325.8 -211.28
15 22 1.3267 0.4514 0.65563 0.44084 2.1814 702.84 -210.19
16 23 1.5277 0.4514 0.65563 0.44084 2.1659 662.65 -200.46
17 7 1.4272 0.48559 0.7 0.3 2.218 488.79 -199.3
18 15 1.3267 0.5197% 0.65563 0.15916 2.2805 261.48 -195.77
19 17 15277 0.51979 0.65563 0.15916 2.2603 237,31 -188.45
20 14 1.3267 0.4514 0.65563 0.15916 2.2206 281.85 -187.52
21 15 15277 0.4514 0.65563 0.15916 2.2085 256.51 -180.94
2 10 1.3267 0.4514 0.44437 0.15816 2.1734 170.59 -140.52
23 12 1.3267 0.5197% 0.44437 0.15916 2.2043 158.1 -135.84
249 i 15277 0.4514 0.44437 0.15916 21333 169.14 -135.74
25 8 1.4272 0.48559 0.55 0.1 2.2406 123.28 -134.51
% 13 15277 0.51979 0.44437 0.15916 2.1524 158.47 -133.21
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Table 4.10 Optimization of design variable

Design variable Dimensionless number value
L58 0.195D
V36 0.206D
L63 0.174D
R59 0.504D
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Response Chart for P2 - Vc WSS

P2 - Ve

2.255
2.25
2.245
2.24
2235
223
2225
222
2215
221
2.205
2.2
2.195
219
2.185
2.18
2.175
217

Fig. 4.21 Flow velocity change with the diffuser curvature and length of the

front section
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Fig. 4.22 Flow velocity change with the diffuser curvature and length of the

rear section
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Response Chart for P2 - Vc INVSYS

P2 - Ve

225

23245

224

2235

223

225 2225

o 224 222

L 4

P 2.215
" 222

37 221
221

“ 1 2.205
Lo22

= ] 22
210

2.195

- .
13 0.z 219
6‘\
&
x 2.185
&
&

[
' ! \‘!\\:]:\ 2.24

T'?i i

!
!

[T-.5 wl 3a-2d

: 215
N 045

045 s . &
046 v 0-5&\

< o
y 0-5%}6 2.13

048
“Op, 04Dy - &
. o5 0.6 ¢
‘”‘o,, : ’ < 1
te 051 _——
f,,,/o.sz b :

Fig. 4.24 Flow velocity change with the length of the front section and rear

section

Collection@kmou  -7s-



Response Chart for P2 - Vc

Fig. 4.25 Flow velocity change with the length of the front section and flange
hight

Response Chart for P2 - Ve

Fig. 4.26 Flow velocity change with the length of the rear section and flange
hight
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Response Chart for P14 - Pre m
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Fig. 4.27 Pressure change with the diffuser curvature and length of the front

section
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Fig. 4.28 Pressure change with the diffuser curvature and length of the rear

section
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Response Chart for P14 - Pre MNEYS
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Fig. 4.30 Pressure change with the length of the front section and rear

section
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Response Chart for P14 - Pre

Fig. 4.31 Pressure change with the diffuser curvature and length of the rear

section
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Fig. 4.32 Pressure change with the length of the rear section
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Fig. 4.36 Velocity streamline of optimized diffuser

CCollection @kmou - s4-



A5 A HFAE &Y 27T B CFD 4534

51 AAAA 9 CFD ZAAZA

1A AHB A OFAS BgIke] =R HE] e 1Y
stk J1RAATE UFEAG HSEANS B HAHF CFRAS A8}
of Mmse WP O, 47h] WE F FAAY DolMSo] thste] E
g golny] 98 AAHE OFAS FAA PolE wWAste] FTAA Zolo
M2 wwade W AT of el AgH Belo|=t 5822, Naca-63421
T 7o) gl thste] AalA e FAste] ol A= Ml Sch
Fig. 5.1& A #54o e A48 HelF1 glov, Fig 5.2 488 &
Hol=e] Axel AL AXE HelFm ek SST) WRmde] S0
g 4w R AEY b A% FRE A3 hea AAS ol g3l A AL
eolE TP WPIYH UFEAGY, ZH OFAS ANG JHo=

b ARE TRetel TASAL £F UFAS Beo

£

w

=9] tip clearance’}

=
=]
=)
o
N
=1
!
g3
)
N
il
PN
=)
—O.ﬂ
1
o,
ok,
4%
_E
o
o
Jo
offl 2
o}
rlo

= Efol= WA
<] 5uj ‘?l%gl AYE R st om, ‘I‘]&HL% o2 7Hl, &7 WEFoe=Z 104)
WHFo F5HES Fr3t ALPEAS o Had dAE W ASEE =X
c}. 7—311]“«] N2 noded S+ <F 1,0005F0oA 1,2009+7) o] =, ICEM-CFD

ver.13& Ag3to] 438kt

GEHAe FLI=9 ANSYS CFX ver.13e A88x, §5utz Aol
4 wASE G5 AN BuolE EWORRE AN
gt 7]

fslA SSTel dREdas A
o

Collection @ kmou _ 85 -



AAstg. BEol=e 3ALEEE TSR wWE IJHAEEZ WA RO,
120° A S Frlz1S A&t T 99s

T AT IFAFGH HHFHo] Hele WELS A7 GGClGeneral Grid
Interface)®] =71<S 2 &3} Egol= fFA ] sl wallS

2 g3atd . &AM A4k 242 Table 5.101 e AT

O:

o2 &
O
=
)
NE,
e
£
9

2
£
fo
_0&
T
)

l

a1

Table 5.1 Detailed boundary condition used for turbine coupled with diffuser

Computational mesh node 9,000,000-120,000,000
Mesh type Multi block Hexa
Simulation type Steady state
Turbulence type SST
Fluid Water of 1 phase
Inlet Velocity / 1.5 m/s
Outer wall Opening / 0 Pa
Outlet Average static pressure / 0 Pa
Airfoil S822, NACA-63421
ICEM-CFD & ANSYS CFX ver. 13
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Fig. 5.1 Mesh of full domain
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Fig. 5.2 Mesh of duct and blade
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Fig. 5.3 Boundary condition for CFD analysis at diffuser
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(b) Surface streamline - TSR 5.5
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Fig. 5.5 Power curve at velocity of 1.5m/s
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(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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(f) Surface streamline - TSR 7.5 at velocity of 1.5m/s
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(g) Surface streamline - T ocity of 1.5m/s
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(h) Surface streamline - TSR 9 at velocity of 1.5m/s

A

(i) Surface streamline - TSR 10 at velocity of 1.5m/s
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(f) Surface streamline - TSR 7.5 at velocity of 1.5m/s
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(g) Surface streamline - TSR 8 at velocity of 1.5m/s
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(h) Surface stream 5m/s
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(i) Surface streamline - TSR 10 at velocity of 1.5m/s
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(a) Surface streamline - TSR 5 at velocity of 1.5m/s

(d) Surface streamline - TSR 6.5 at velocity of 1.5m/s
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(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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Fig. 5.9 Surface streamline with TSR at flange height of 0.2D
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(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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(h) Surface streamline - TSR 9 at velocity of 1.5m/s
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(i) Surface streamline - TSR 10 at velocity of 1.5m/s

il

Fig. 5.10 Surface streamline with TSR at flange height of 0.25D
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(b) Surface streamline - TSR 5.7 at velocity of 1.5m/s
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I

(f) Surface streamline - TSR 7.6 at velocity of 1.5m/s
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(h) Surface streamline - TSR 9.5 at velocity of 1.5m/s

Fig. 5.13 Surface streamline with TSR at flange height of 0.15D
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(d) Surface streamline - TSR 6.6 at velocity of 1.5m/s

T

(f) Surface streamline - TSR 7.6 at velocity of 1.5m/s
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(h) Surface streamline - TSR 9.5 at velocity of 1.5m/s

Fig. 5.14 Surface streamline with TSR at flange height of 0.17D
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(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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(f) Surface streamline - TSR 7.6 at velocity of 1.5m/s
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(h) Surface streamline - TSR 9.5 at velocity of 1.5m/s

Fig. 5.15 Surface streamline with TSR at flange height of 0.2D
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(c) Surface streamline - TSR 6.2 at velocity of 1.5m/s
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(d) Surface streamline - TSR 6.6 at velocity of 1.5m/s

[ e

(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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(h) Surface streamline - TSR 9.5 at velocity of 1.5m/s

Fig. 5.16 Surface streamline with TSR at flange height of 0.25D
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(b) Surface streamline - TSR 5.5 at velocity of 1.5m/s

(d) Surface streamline - TSR 6.5 at velocity of 1.5m/s
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(f) Surface streamline - TSR 7.5 at velocity of 1.5m/s
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(@) Surface streamline - TSR 8 at velocity of 1.5m/s
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e T T

(h) Surface streamline - TSR 8.5 at velocity of 1.5m/s

Fig. 5.19 Surface streamline with TSR at flange height of 0.17D for a 20kW

turbine
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(a) Surface streamline - TSR 5 at velocity of 1.5m/s

(b) Surface streamline - TSR 5.5 at velocity of 1.5m/s

v

(c) Surface streamline - TSR 6 at velocity of 1.5m/s
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(d) Surface streamline - TSR 6.5 at velocity of 1.5m/s

U

(e) Surface streamline - TSR 7 at velocity of 1.5m/s
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(f) Surface streamline - TSR 7.5 at velocity of 1.5m/s
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(g) Surface streamline - TSR 8 at velocity of 1.5m/s

111 P

(h) Surface streamline - TSR 8.5 at velocity of 1.5m/s

Fig. 5.20 Surface streamline with TSR at flange height of 0.17D for a 50kW

turbine
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