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Abstract

This research was conducted to determine the performance of a two—stage vortex turbine with a free water surface.
The performance of the two—stage runner was studied by varying the flow rate and the position of the runner in the
cylindrical vortex chamber. The experimental results showed that the performance parameters such as torque, voltage,
current, and rotational speed increased with increasing flow rate. The runner depth ratio has a significant impact on
the performance of the two—stage vortex turbine. The highest power generated by the two—stage runner occurred in
the range of 0.054 to 0.162 runner depth ratio near the orifice. The power output of the two—stage runner was higher
than that of the single runner due to more vortex and blade contact area in the flow range of 7.2 to 7.7 L/s.
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SFA] o1l AQEA | IhdotAl AAF 4 gloBR S 7HA] G&4S& Bk

AEAE BET 5 Stk oFf $abe] THAAHS 24 o] A9, 9453 Rt Al B 71xH A
ST Ul 715 FYAA olFo] AT gEA 3L FA77t A Folrh. Choi et al. (2020)2 AP E3)
ol WAl a4l §EAE FEE ¥Y 4 oBR 3 o HuolA fEF HAH 0.17~0.185 HHE AAlsH
7 RspAolnt. obf At @HE R et ket &% %t Choi et al. (20212 oFF 421 450 &7 vz
E4E5 vedie, E44 widsEY EHolE 4, oFF + F9FZ Aottt 99 2U9 of Ahe oRUA
A, o AL A7), §%, oF 85 B A HHty @eloa oA E4tHChoi et al., 2022). Kim
ol FFE FBE old Uit EA HEL LA ot et al. (2023)2 oHf FAHY] g 94 29 Eol=
ole} PHH AFEA Zotloeterer (2004)= A+ E £ 2904 6471 F7ZIHA ok a3 deS A9
AfrgolA eFFE ol-8sh= XHGVHP, Gravitation Vortex staon, ¥ 292 5N AR =i £4E
Hydropower)& 7Hdstqitt. 7]&e] /e & 2 9 WS AAeeh FulollA F £ake] el i 2%

Zhmg Atk AatelA A71E AT 4 AR W 2o gt Oq%Lf S Q1A Sk
2o AFAol das) Adugo] F7HItH(Power et 2 ATE 98F oRRAlA fF Bue] 913 Wt
. 2016). SFFIAYRAA Fr S5 TYNA FHF 2 29 o "XH des Aot &F 2k 4%

—i A71E A7 AR AdEo] A= THZotloeterer,
2008, Rathke et al., 2012). eFF52He] bR 953
(cylindrical basin)# 153 (conical basin)oi LR,
Wanchat and Suntivarakorn (2012)+= 953 ey R
7} Ao g SRE WAAAIIT FHESHA|TE Dhakal
et al. (20152 AEIET dFFo| R, TEO|
Atk AASHATE Jevdjevich and Levin (1953)= #¢
FFe FA YRR offR A oR fkoles HAA
(tangential intake) 2HF FUTE Aoz A FsIAH.
Drioli (1969)= A3%=°]d(scroll intake) 2+ U E
€ afstg e, £332E W 9F 42 (vortex drop
shaf) & ZAAISHAH. ot FH42 58 IAS fkst=
Lol Qe A2 (spiral intake)©] QQom TheFst Hof
o &8r1 th(Kellenberger, 1988). Matsui (2010)=
A4 obR GAFHE el d8ste] 1 45
B4t Odgaard (1986)& Aol o] 4575
o] B oF Wl ofojzojet PR H 3 (Rankine
vortex model)?ll FFS F= B84 w74 (Froude
ot etF3| 24 E AAISHAT Mulhgan et al. 20142 4
T3 SFHU fEclAa AEALE Foll ANk |

T
spmol ohio] AL FE RS D A55H A
%—Q}E Lq_o]'}»&]:]'. -Q’]'TI’ "l_i]'—q] E]'E 1_. 1_o°<:)] 9}"rr

—‘?‘— U oflofzio] et 27| °§°k§_ ‘?:}%‘ﬂr(Dhakal et
., 2014). Mulligan and Hull (2010)2 959 <&

-‘:}51.75‘0“ gt @A 279 Hl&2 0.14~0.18 @HE
Aletsl . Nishi and Inagaki (2017)+= 95d of7H

oA frEAEl Bt &l HY 949 ool tis
FolAT Ade st obF Ao 452 Edols
7} 2~470d o] Z715F A9 Power et al., 2016) 6~12
Mol EdolEofAe= FAsStATH(Dhakal et al, 2014).
Ullah et al. (2020)= 959 PRl 22 2yl
o oF 2y Aol Atte AMEE ATk
Mulligan and Casserly (2010) 2 Petrasch (2009)& 2+
2kl a8de 15~35 % ¥R AgskAAw
Kourispower®}t Zotloterer®t 22 A = A9 85 %

o] AtjEoz =o 588 Mestgoen Zz 5go07
Ad 2t AU E AZstact. 29 oFF 310 Aol I
& Fe B, obF 4l 1A 9 SRS Bd Al

(y/hy) 470 A3delA ’_‘Zé St

=
Ayl v 3 24

oo
dutzx oz FFg Yz HojrglS o gY4iEE o=
AF (L2 A (DI Zo] Aot
Pu=08H.Q o))

Aq7|A, ot G419 Wi (kg/m?), g= FH7IEE(m/s?),
HYE S a3} (effective head), Q= 8 (m?/s)o|T}.
oFF ks fFYE 27 S FEJHE o|FoX 9
FgFA IAANA 2 §FEAXITHFig. 1.
fFaYzte ebraate] & ol thste] Bernoulli A2
245t 4 ()¢ Zo] Vepdtt
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Fig. 1. Schematic of (a) top view and (b) cross—sectional view of
vortex turbine(Kim et al., 2023).
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238 A4S e 20 94T Sl M50 e AEY BT
o7|A, Hi 4847, Ahte stRde spoz i 1@). o7 Fate GFEAE AW Sl Fsusde
ARG TR O] gol, hy2 ART] f4, v A 2T 5 ol 2SS AAE AR A7 Weks
Bohe] G2 h,k SFRTHY 54l v,k obRuke] g&oly, o @ 9 £AOl JPeohES ook Al oh sae
W) BEP,, ) AU BROS Boz A Gaf o ALY G FE A 972 8=
o] E@T ]7:] OIRE oS afHoR PAAT 4 LS E::HO]'ME]'-
= e Fig. 29} Zo] 42 RE §9d¥ 32 953 7T
J 3) ARZ &2 vEEA FAE WS WS w2t ofF
out £ 4T oF FAEFEA osto] A7t {4 4§
guidom 2il 9o SEoYAE FA= FA =017t TAYste] obf 4=2t9] QWA mhERE Yo 7|HA
oxom WaAzIth &4 520| ZhoEeF Walo| what A= HUE A obf $Abe 2SO B
A% EI(D= A9 25 (angular momentum) el eete] sdFA= A5 E@(pulley)st MER
o] A7+ WsteT} oo Al (4)} o] BET 4 9}, 23 FHIE SAAA A7 E BEAZI ofuf
Z8 7 (radial of pulley) 84 mmo]tt.
P, PR Aol AxE A= ARAE o z]At
T=pQUoyry —vyry) = — @ olq e 300 W shEohertold el W37 (Hard

A7IA, P, = W), 7= EANm), o= 34 7
&k (rad/s)olth. v, 8t vy= ©BH 13 20 F-gstE
F4m/s), ri et rye GH 13 29] 9215 (m), p= FA
9, Q= f3HmY/s)oltt. e $XHGWVPP, Gravitational
Water Vortex Power Plant)e]] 2-&& 7 Q= 0]
(vortex core) A NA F&(m/s), vy= EHOIE FHEZT
(m/s), m o rye IR BEE(m)oltH(Mulligan
and Casserly, 2010).

3 55 w(rad/s)= A (5)¢F Zo] Yetdrh

A

=

27N

=60 @)

o714, N2 @134 (rpm)eltt.
2 2&(n)2 4 ()3 £t

(6)

2
obF 4212] Bl PC(polycarbonate) 2 A 25l 00,
M=ot A IR, FEF A=, =9,
2 9 g A2 skl Fig. 1. e ARE 9=
AAH MEEE = 160 mm, =°] 300 mm, Zo] 1500 mm
ojtt. 4 ¥FF AFTAF U 2 106.73 mm, E°]
H)E 300 mm, ¥AE 5 mm, 95FA4(D,)<L 580 mm,
W52 (D)2 470 mm, &7 A (D) 134 mm
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FHERZE) Adste] AR E2(pulley)et HE
2 g49%e HAZ|E AN
Fig. 4= oFTARA 2d 29 QA& et
AY SAE(/h) s FALFOR 478 2ol = She
HUE 7|08 R g o g e AXAZo|H,
b= A7 gl HOlA SRS Wt oFF 9
A= JAYE §455 2Este] 2y $A4H(/A) 0.054,

oo M=

2]

r

A

ol

Fig. 2. Experimental apparatus(Choi et al., 2021).

Fig. 3. 3D schematic drawing of two—stage runners with twisted
blade profiles.
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Fig. 4. Submergence conditions for two—stage runners in vortex chamber.
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Fig. 5. Variation of vortex height in the vortex chamber with increasing (a) flow rate and (b) runner depth ratio.
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ore Yy £4H] 0.162 AAREH ZAasteeh 29 2o
A eenA ZAREYH Holdas Fadcks BFS
Helrk 2d 2y o] Mok o MQ} Zol 2y 4dH|
0.162 H{7HA] dAgstctrt fAastdon, vHl&dt AT

HRItH(Fig. 6(b)).

Afe Mg 2ol 79
(Fig 7(2)). 22 #He] B
0.162, 0.232 A|ol|lA 24z}
32.7 mAo|th(Fig. 7(a). AR/E= FY FF IF2 T
2y $£4H] 0.232 AAHEL} 0.054~0.162 HY A =
7¥stodth. Fig. 7(b)7 o] 2 o] HRE eejmA &
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o5 571t (Fig. 8(a). Edvw 19 o
wakeh of 2y $=418] 0.054~0.162 oA v &
HAAT Sy 44] 0.232 AHFE 5435] d4aski 2
o gye] WF EI: Y £4H] 0054, 0.108, 0.162,
0.232 A|-ANA 242 0.075 N'm, 0.078 N-m, 0.078 N-m,
0.066 N'mo]ct, 2¢+ 2] EaE ejua ZAQ #Y &
A1) 0.1087F 0.162 Z|H A F7totadet. 29 2] E=
= T Hyet Zo] HF A Hylon, dy #A4dH
0.162 245 7+45+9cHFig. 8(b)).

Fig. 9% #¢ 43 2y o] A $12] Wste] o 3]
ot TATAE A 27 Y Q] B IHFE= 5
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v Y fgel Watke of 2y 44H] 0.054~0.108 F
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Table 12 F& 2{qo] fiA¥ste] whe 20 ofF 42t
(two—stage vortex turbine)@t @Y e}F 4=Z}(single—stage
vortex turbine)®] §&< Yedth §8 Y= 183t o]
2 A8@Ppol 2P ET Ao =4 yehdrh
R 92E 18§ o2 A= W= 48~54 Wl Wb

7 AT A714 S vedt A8 2~3.7 W RS
o|t}. Table 1o EAIRH HEe} Zro] X712 E(P)E &
ARt 2704 2% 2ot T 2o A HRE S
Asto] AAstelon, 27 Sy o] Bt A, AR/, EF ¥
AS= T R oftt woth 21 Hyet 9 2y
o P BE&2 77 6.29 %9 6.01 %™ (Fig. 10(a), E
3t olE Yo HWa EIE 7247 0.087 N-me} 0.084
N-me]tt. Fig. 10(b)-2 &7 AR/ D) Wzte] o 3

A g Uehdh st SfRTAR viEoRRE
AZAeloln] D= vk FujolA] 9HF SAlelch A ke
o] 840 oFuA ZH A AR HojALE =7}
st A%g BT 1 olfE AUt §ET 2ANA
Rot 58 HE WHo] FUlely] Rl HAYF 4%
o] ZAsh= Zo® worEh @] A8 A ofFe} 2¢
2y Beoltate] 52 HE Wao] At HEE oF
YR et Y27 2do] a7Hrth

Fig. 112 2 S4u)7} Z7kgtel whet 2¢k o} ol
Suel A, AR, 8184 9 2L Uehdch $U9
u A 22004 2 2o Bt SR, Wk A,

et AR 9 g 282 2 dyEo 242 9.25 rpm,
21V, 09 mA % 0.16 W] Hat5 vehdch &9 7}
F 2 Aol 0.1629] 2y FAH (/A olA BEH .
LR A 2 et g Hy Fhofl & wAkE
0.34 WolAgt & AFefAE 9:19] HHo 2 BgS A%t
Sto] Agdstglon® AR=A7] 22004 21 #yet T =Y
Zholl 29 A= 743 WE Ziohs o2 A9t 55
HE wAo] 2& 2yl bRt HY EEol=Ate] A
Agom ol HuyEn S7HE7] HEdd Aos wohd

¢
fll

for

Table 1. Efficiency and power with increasing relative position of runners.

Ruer e Voltage Current N P Vi Vs Q H. 2, 7 b,
V) (mA) (rpm) (W) (m/s) (m/s) (L/s) (m) (W) (%)

78.0 43.9 369 3.42 0.22 0.74 7.35 0.679 4899 | 6.99 0.054

Two-stage 81.6 44.5 385 3.63 0.21 0.75 7.53 0.694 5125 | 7.08 0.108

VT 80.9 45.0 368 3.64 0.21 0.76 7.64 0.699 5229 | 6.96 0.162

60.0 36.5 283 2.19 0.20 0.65 7.36 0.735 53.04 | 4.13 0.232

79.0 43.5 364 3.43 0.23 0.72 7.60 0.686 5112 | 6.72 0.054

Single—stage 79.3 44.0 370 3.49 0.22 0.75 7.63 0.688 5147 | 6.78 0.108

VT 76.8 43.0 363 3.30 0.20 0.71 7.33 0.711 51.11 6.46 0.162

57.0 35.8 271 2.04 0.21 0.66 7.28 0.698 49.87 | 4.09 0.232
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Fig. 12. Relationship between power of two—stage runners and
different flow rates with increasing runner depth rate.
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