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Abstract

This paper contributed to the understanding of the effect of the blade relative position on performance of micro
gravitational vortex turbine in free water surface. In a constant vortex flow, the rotation, voltage and current of
micro vortex water turbine were measured according to the position change of the blade installed at the relative
vortex height (y/h,) ranging from 0 to 0.778 below the free water surface. The flow rate ranged from 0.0063
to 0.00662 m>/s. The results of the experiments showed that relative positions of the blade affected the performance
of vortex water turbine because the distributions of incoming flow velocity and turbulence intensity were changed.
The highest amount of the energy generated by the vortex water turbine occurred in the relative vortex height
ranging from 0.111 to 0.222. The output power at the relative vortex height of 0.111 was about 2.4 times larger
than the relative vortex height of 0.588 below the free water surface.
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Fig. 1. Schematic of (a) top view and (b) sectional view of vortex turbine.
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Table 1. Specification of the cylindrical basin 2 G8(n)S A (59 Zo] Ao 4~ gt
Description Symbol | Dimensions
Outer diameter of bas.in D. 0.58 m n= ﬁx 100 (5)
Inner diameter of basin D 0.47 m 7,
Orifice diameter D, 0.125 m
Entrance width of vortex generation b 0.16 m
Height glflti:e};lligir;;il basin II_—IIb (§)53705nnll 2.2 HEA7| x|} Alsiur
A} BAlol= ATISIA] Wslel e o5 SAko] A e
FEwl wet SkRAl717F SAATHFig. 1), wetd, § A1 19 Fig. 29F 22 AEFAS Argeidle. 2
2o AtHoE ol22 PAsty 7sleto 2 F]HE| A= FF ARl AAEHNeH, A= z]Ate|
TFlA e g0 FADS ko] 9F Sxjo] HHELS A 7Rt 300 W ostEorkttold & ulE 7] (Hard
o] 2 olr} QolEli 9o Sakrl oamA A A} Anoding Aluminum Generator)¢} AL E EFSIcH
o] o] ArzkakAld] St=A717 2 2= 9oH(Choi et (Fig. 2). ¥47] &3] H|wiBX2tm = Choi et al. (2021)
L, 2020). EFF 2T FraEolH aol=e] A o Ol AEHUS FFo] HEIFHE ool spy DR
2 2A44](y/h)7t BATE] GFS F 4 At 95T FUEH 2gEol7t HATH. ohRe EEolEE &Y &
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o} A A3}, ohr sldEo] SHFTHUSAIZE)S ddd FeZelet
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(MDS50-16)5 ARgsteict. Aot dRE4de tAd ¥
b, =pgQH, 2 Elulg (2" T3 3280-103 AC/DC E% = u]H)
£ o]gottt. Hol= WZ(Z 10W, 220V)E 2HE=z 2
0471*1 pe SA Bx(kg/m?), g= FHMEEm/sD), Q  AMsto] MR SA3 Balo] Al Aoty Halds
° fmYs), Hi §adaHmel, 2 Belolme] X Mste] e BAGAL o5 wgR
73‘42}— Bernoulli 25 -85t (3¢t Zo] 1 W HAeke] g40 89195 0.0076 m?/s&t A A
EbdiTH(Choi et al,, 2021). H[(Do/Dy) 0.216 ZZ1oA 12+ A2k {-45A (KENEK
GR20)2 =4sttt.
H =H +Ah—H, (3)
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Fig. 2. Experimental setup for performance investigation of vortex water turbine with permanent magnet generator(Choi et al., 2021).
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Fig. 3. 3D schematic drawing of small twi§ted blade of Fig. 4. Full air—core vortex and strong
110 mm diameter(D) and 150 mm height(H). free—surface vortex in vortex chamber.
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Fig. 6. Circulation I” distribution in vortex chamber.
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Table 2. Voltage, current, power and efficiency with increasing relative vortex height
Voltage (V) | Current Poue Vi 2 Q H. P n
Run No.l v/ 1 ith load | (A) W) o | @ | @ (m) W) @)
S1 0.005 38.9 0.18 7.002 0.222 0.632 0.00657 0.657 42.31 16.55
S2 0.065 41.5 0.17 7.055 0.223 0.625 0.0066 0.657 42.54 16.58
s3 0.111 518 0.22 11.39 0.228 0.650 | 0.00658 | 0.651 41.99 27.13
s4 0.222 52.0 0.15 7.80 0.221 0.640 | 0.00635 | 0.652 40.55 19.23
s5 0.417 455 0.15 6.825 0.226 0.670 | 0.00649 | 0.649 4135 16.50
S6 0.588 34.0 0.14 4.760 0.217 0.630 0.00651 0.659 42.04 11.32
S7 0.778 10.8 0.12 1.296 0.229 0.670 0.00661 0.649 42.09 3.07
of txd e uE(HAY F3HE 3280-107 AC/DC Hol 27 ofl & AHolA b= A7 252 rpm&t
SHZ neh)E Akt TR 2HolA dek2 A 253 rpme& HolEtHFig. 10(a)). FHo} 2HELTE Hsp =
9% 548] 0.005, 0.065, 0.111, 0.222, 0.588 AHelA  AolA ApmES} wsle] 857t gashs 2 & &
A7 1135V, 1183 V, 122V, 123 VE §ASkE 4l leh 97A44837]9) )57} AbLES] gjh4mc of
R 5AlH] 0778 AMOIA 88 VE Zastgnt wiE 2w 2 22 P¥FU2e 75 e 26894 mm)o]
Fol 2ol Mk A e 44H 0.005, 0.065, 1719l ulE 22 2E(40.43 mm)Ect oF 28] 7] of
0.111, 0.222, 0.588 A7l ZtzF 389 V, 41.5 V, 51.8 &2 Zo= wereth(Fig. 10(b). Faket F2at 2704
V, 52V, 34 V& F7F 2 ZFastert A o A T o] Axte A vt HEs Holi gl
0.778 AHESTNA 108 VE FHs] sttt Fig o )
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Fig. 10. Rotation speed of (a) shaft and (b) generator with increasing relative vortex height.
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