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The flow and performance of a rotor of a hydraulic Savonius turbine provided with a shield plate were analyzed
by the two-dimensional simulations. The rotor diameter Dp is 142 mm, and the Reynolds number based on the
velocity of the main flow Uy, UpDgr/v, is 1.1X 10%. The shield plate with a length of 0.5Dp is installed upstream
of the rotor, perpendicular to the main flow. The comparative experimental studies have visualized the flow
and clarified that the shield plate increases the power output of the rotor. The vortex in cell method combined
with the volume penalization method was applied to the flow simulation, and the torque acting on the rotor was
computed with a custom method by the authors. The simulated flows around the shield plate and rotor agreed
with the experimentally visualized ones. The simulation successfully revealed the effect of the shield plate on the
flow and power output of the rotor. These demonstrate the applicability of the present simulation method for the

performance prediction of the rotor of hydraulic Savonius turbines provided with a shield plate.
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Fig. 1 Rotor of hydraulic Savonius turbine
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Table 1 Simulation conditions

Rotor diameter Dg 0.142 m
Rotor width Lr 1.48Dpg
Shaft diameter Dg 0.07Dg

Blade shape Semicircular Arc
Number of blades 2

Chord of blade Dp 0.627Dpg
Blade thickness ¢ 0.022Dp
Overlap of blade C 0.36Dp

Length of shield plate 0.5Dg

Thickness of shield plate 0.021Dpg
Distance between shield plate

and rotor G 0.7Dgr, Dg
Computational domain 5.3Dgr x 2.8Dg
Number of grid cells 2250 x 1500
Reynolds number UyDg /v 1.1 x 10°
Time increment AtUy/Dpg 5.6 x 1073

4. YIal—vavEREER
4.1 G/Dp=1DHFAEDTNE IFRLERIER & DL

9, EAVKEO— LGSR G/Dr = 112
ZEL, DY Ial—varvzFETLiE. TOMRE,

WHEHT 2 MV o T hsRkoh, B —X DR

WE Qbbb u—REMEE V, (= QDg/2) HEHA
Iz, G bV T EHELL N (= V,/Uy) % R
Tl t* (= tUy/Dr) XU TRTEMAD &S24
5. 272U, B—RIZAMMLVY T = 0.763 2L 7=
LGEDFRTH S, T IZERIZEML, £ > 5128
WCTAMEIRIENIZE AL —E L 5. N OE(LD A
ThHd. T2 \NDETIINMEND B, T DT
R Ty EDEREVEEITIE N WAL, hEwhE
muﬁ&?é.u—&@ﬁ%ﬁ@(zdww)u,T*z

TIHE, T < Ty TREHET 5 Z K%%bf%@
X (13) Mo BHEMETES. b, " >5IXBIHT*D
R EME A2 EHR T 5 2 0763 TH D, Ty L—HL T
%. QOAM e RIEDS —EDOEEIE, N (13) & RERIRE
DITNET =Ty LB OEHERTES. —H, A
DRFEPEIIEIX 1.4 TH B,

EARD G/Dr =18 X0 T =0.763 DIFEHITBIT 5,
0 — XA & N OWED N ZR 5 I1TRY. 2D

Copyright (©) 2019 by JSFM



MROFLHEHE —EM L2 H D720 (K22, WhofH
iz —& 0 1/2 [A#5 mé?5 Z 2T, u—&LiH
607350, 45, 90, m5@ LM ERLTH5.

HEAPIH CPIFR A) %bfi 0_0 45, %d%f
i&ﬁ#bﬁ%&ﬁﬁ®mmia<,mm#&ﬁ Hho
TWa. 0 =135 deg Tld, PRI & KB A
W E NS, WOREAEHHED ChE. —F, R
DR CPIER) 2DV Tk, 0 =45, 90, 135 deg IZ
BWT, BEAWKRD R S B S Nz EHE D &K
EHE] D OWAIE & EET 5. FZEL 72, (hiic
B THRNAZOB PR » 5 v — X TRt T hb.
WAV OEEIZIE, RTOMMEMZBNT, ERhiH
54 U7 & R 0 PRS2 & HUL S - il A U T
W5, XEAEBOEEEIIETE S,

3
by T
L A /K
< i \ \ \ \ \
L,\ 1 I’I \‘\ E “‘ ’l -‘\ \\ \ II PR \ f’ \ / \
Y_s TO*
o
-1
-2 R R S TR
0 5 * 10

Fig. 4 Time variation of T7* and A when G/Dg =1
and T = 0.763

;18 o/U/DY 18
[ . |

0 =45 deg

6 =90 deg

Fig. 5 Vorticity distribution when G/Dg = 1 and T§
= 0.763

X 512X e g B HRARD A % X 6 »/Tj_ 0 =0, 45,
90 deg E}’Oh\f J&&]]*Eo)ﬂlﬁ jfllbm%ﬁﬁgmh\f
5. RYPMIC wru,e_% 90, 135 deg 125
B IEANWERE O TS EHEIZHETE S, 9T
DAFIZBWNT, JE’\D‘*}i@%?ﬁ“Cm%%)ﬁ’C% n, &
EREENH B, 0 =90 deg IZBI1F B & EE TN
—7F, BEAWHFER LS EEROMENE T, HEH
ﬂ@iﬁ%ﬁmfh% D, WAWIRD LEEE
B U 7R ASEAPIRIZ A D > TV B, BEAWRIZ
LB EAPIBANDRNOFENR WA TES. 2D k&
D IR & BN DA X, Mohamed 5 [17] 12

28 33 mBUESRAAZ Y YRV D A
E09-3

;5ys:v—yayﬁ%ﬁﬁéMTm5_

Tio 5 [22,28] I%, T —XJH D ORI KT TN
DIEZMNT 570, GRITEAEREHW 70 il
fb32BR & EHE U 7= 7 i HELANPYIalb—Ta3
VYA LN 14 DBEIZB TS, 0 = 90 deg IZxf 9 B Al
FULEGTH S, X7 ()i,%fxaéﬂmmm¢%@
Eif (ML (2,y) = (—1.41Dg, —0.5RRg)) P HHEALZ
LEDMIRTH S, WACRD L Migh SFAEL 72l &
RO PIROME OEEDTHFEL TN T VD, EAWHRD
HRIZIE X EAFEAKELTVWS. KT (b) 1%, B—
R [eiZiR D B (MLE (z,y) = (=1.41Dg,0)) 2HIEA
bta%@ﬁ@%rﬁ &&ﬂm®&ﬁﬂbﬂﬁwmm
ia<,MM#&E o TWb., —FH, ROPRDE
i o, NI W&éﬂfw% iﬁ,%ﬁﬁm
B LHIZBRLTED, BAWHIZ & RO A
AEEENTWS, WAV & B HEAPIRD S A D
RNOFLHRAMATE S, Lo kR IE, X
5L6ITRLEYIalb—Ya ViR —HT5H5DT
HH, vIalb—rarvoZUkiERL TV,

Shield plate

Fig. 7 Experimentally visualized streaklines at § = 90
deg when G/Dr =1and A = 1.4

4.2 FNICKRIFTEA \A*&@%; =
o%u,ﬁﬂmm#aw% EHEHGEDYIalL—
VavEEINCERL, B—XE2@EBETARNICKIET
EANEOEE R ALz, 77U, 0—REM T =
0.655 & U, EAWHIEHE — X Sl G/Dr = 0.7

IHRELZ.

X 81k, WMEDDNMHEERT. EANOEBRWIEEIZIE,
K8 DAEBRIZRT ED1IZ, 6§ =0, 45, %d%fiﬁ&
PR DM 2 S BHE R HEORE 7% <, 0 = 135 deg
IZBWTHD» S KB AR RHI I TWE, B
HIZDWTiE, 9 =45, 90, 135 deg 2B W THEAPIR
D Sedidr S S N7z & EAYE R L, ﬂm%ﬁ#b
Tﬁﬁﬁkﬁﬂ%mmbfmé ENOVRD D B 5
FEREXN8DABRIZRT. EAPMWOAMIZE VT, ﬁ
ANWRDIZE WSS ;D%ﬂﬁ@%ﬁﬁ#mév UM

Copyright (© 2019 by JSFM



IZDWTIE, 6 =45, 90, 135 deg IZBWT, AW
WD Edih S S i & I AEE L TS, 727
U, SPIRRSRNE2 & RIiA OB HEITIE & A 730, ik

T2 L5012, PEPENCROBRIRNTIZAIES 206
Th5.
18 oNU/DY 18
. m
6=0deg 6 =0 deg
Blades //@ 4 A j{‘(- e
~ :@ ;\ | i‘.’,.}i" ¢ S
§;ek 2 Shield/p:ate S A N
0 =45 deg . 0 =45 deg
A 79 . A @
Q&//a (@
S
R>%e = X “\'
6 =90 deg 6 =90 deg .
/@ A T® .
@ \-.} Weed
E@/ -’.‘
e \Q‘\ SRS _is;i
6 =135 deg 6 =135 deg

é/\‘; @5

‘\‘\“ =~

Fig. 8 Vorticity distribution when G/Dg = 0.7 and T§
= 0.655

TARD DA 2 X 9 ITRT. I9®E&iﬂ«mm#@
W& @fﬁ%%f%é 0 =0, 45, 90 deg IZHBF B A
PIROMENZ IR D v E: R TE 5. 0 = 45, 90, 135
deg T, I(thf)‘)ﬁ@ﬂ]$§@lﬁﬁ IZEZELTWS., A
WD BHEITIE, K9DAEBICRT DI, TRT
DAANZBE VT ERHPBEANVREEEL, TIRICERTA
FELTWD, 0 =0deg T, BHEPT—XDFRE
THOTWVD., F/2, TRTOMMEICBENWT, BifLE
DPRBTHLTWAS. 0 =90 deg IZB I 2 THIIHE
E%é.ﬁAVWQﬁ%KiD,T&T®ﬁﬁﬂﬁmf,
EDﬂﬁtIM@@ X2, 72720, 6 =90, 135 deg

TN BT 2 88 U 72 R O PR o ™
&%%%cﬁwawé )

FENRA 2B 10 1289, WBAVERBRVEEITIE, 0
=0, 45, 90 deg IZBWT, EAPIED NE ETHEHH
&<, MUMEMPEHENT WS, § =45, 90, 135 deg TlZ,
ROPIEONME CENDMBRE 5. Eiie Oz
He 5. —F, BEANVIROFIHITIE, TXTOMMHICE
W, FENDHER & 725 T & DEEIZ LD L EAE
IBELTVERETHD. WEAVIROETETIXESD
ﬁb\iﬁALWﬂi,H:uﬁ,9a 135 deg IZHBWT, K

ﬂﬁ@&ﬁi@ﬁﬁ@ﬁkﬁ%ﬁ?éﬁfwé.ih
TR TOAAIZ BN THEAPIR O MIE T O H A
WHIZ K DK R LT 5.

HEAPIRO RTINS EHDOD A %K 1LITRT. 7277
U, B0 U7 4 DOMMMIZBIT 20 TH S,
M5 EOMIETNENAT BET A~ TRAL, i~
WD D B IBE £ VA R TN ENERS & O T
ARUTHB. 6 =0deg TlE, M ETENOROPE
BBEMTHS. LrL, EAWIRDEDH L5512, M
DR TIFIEF—FRIZENHPRESMEFT S, K10 TRS
N7z & 51T, MEDSEN OO ERIEDNHICFET 20
5THb. =45, 90, 135 deg T, EAWHIZ LD

28 33 mBUESRAAZ Y YRV D A
E09-3

0=45deg

Fig. 9 Streamlines when G/Dpr = 0.7 and 7§ = 0.655

2 PleU2) o

Fig. 10 Pressure distribution when G/Dg = 0.7 and
Ty = 0.655

I & ME OIEI DT RE RS 5. HERPRATE AR
DBRBONIIALET 205 TH5H. X10 TRI N
ST, MEAENVIRDETEONIBIZFET 205 TH
5. 0 =45, 90, 135 deg TlX, HWEAWHIZ L D M &
MEDEH DR T T . APV DI
DONEBIZALET B0 6 THD. 72720, 6 = 135 deg D
AT, s/l < 2.8 IZBWTHEANWHRIZ L D EHPP
ERT 5. MBI UL Dz, PR Sl X
LIHDBEDPPRM TS H-DTHD.

B 121, RO PMROKRE EOENNAERT. NHb
FUOMHAZZNENRT BLIUPR TERRLTHS. 0=
0, 45 deg T, & MHEDTEHADENVIKIZ & DT
5. RO PWRPENCRETRONIIZALET 5005 T

Copyright (© 2019 by JSFM



Hb. <120 =45deg 2B T DMADAE 0.5 < s/l
< 0.8 DR FAFE LW, AV ENWIRDOE & ICHGL L
TED, EMEOEEVEFINTVWENSLTHD. 0 =
90 deg TlE, MEIDALE 0.2 < s/l < 0.6 12BWVT, B
WHIZ K D FEDARELSETT S, EAOWROERITAL
BTSN 5THS. 272U, s/l ~0.7 TEENOHIZ &
DIENDW EFAT S, IR U &SIV D Eii
ZOEE L 2N ICE R T S Z LICERT 5. 6 =
135 deg Tl&, MEHDESIDENVRIZE DK T 5. 72
72U, s/l ~ 0.4 TIRENVIROEEPBNTWRW. 6
=90 deg DA L AR, EMEDEENHENETHS.
0 = 135 deg Tl&, M DEIHTEHIIFIE I
LTWa., BEANWIREBIRONTIZAET 200 ThD.

A\wl? plate 0=0deg

plpU2)
(=]

At with platc
| | |

'
— N
T

6 =90 deg

plpU2)
(=]

'
I\ —

@ 0 =135 deg
Top Awihple A witouple |
Sl \ -
SR A" with plate
2 \A‘ without plate
0 0,12 0%4 0.16 0,18 1

s/l

Fig. 11 Effect of shield plate on pressure distribution
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