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ABSTRACT

The main objective of this study is to validate the performance characteristics of newly developed micro propeller turbine

based on experimental model test. For this purpose, Measurements of efficiency and cavitation tests with variations on the guide

vane opening, blade rotational speed, head and load are carried out according to the IEC standard for model testing. From the

tests and scale up calculation, the maximum prototype and model efficiency of the runner blade reaches as high as 90.87 %

and 90.27 % respectively. Test results show that good cavitation behavior is covered in the range of output SOkW and 100 kW.
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Fig. 1 Variable speed drive propeller turbine system as an
alternative solution for a micro—hydro power plant
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(b) Guide vane, supporter,
and hydraulic system

(c) Turbine blade (d) Draft tube

Fig. 2 Propeller turbine system

Table 1 Design specifications of propeller turbine system

Name Value
Effective Head (H) 11.2m
Discharge (Q) 1.12m%/s
Rated Power (P) 100 kW
Rated Speed (n) 900 rpm
Turbine runner blade Diameter (D) 500 mm
Hub Diameter (D) 245 mm
Number of blade (7) Gea
Number of guide vane (N) 16 ea

Table 191 7j 591 7had TR 52 209 A

ArFet i 205 dehdoh
3. =2 A
3.1, Al EX| ¥ Y
Hd A 8 714 AIE vl 2k JE 3 =
E]Hlo] mdl 92> A]¥(acceptance test)_4 S AA QL T

o] IEC60193 & W FZo| wapr] AZE o $2j=
22 F{ 9 HE elo] gt AukEel ASARel T
atct. ) Table 29} Fig. 30l Al@ u] ALk
= ehich,

2 AE A
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Table 2 Test stand specification

Name Value
Maximum test head 80m
Maximum test discharge 1.2m¥/s
Model runner diameter 350~500 mm
Maximum speed of dynamometer 2500 rpm
Output of dynamometer 500 kW
Uncertainty of efficiency measurement +0.25%

Fig. 3 Test Facility
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Fig. 4 Diagram of the test loop
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Table 3 Major measuring instruments

No Megsunng Type Manufacturer |Uncertainty|
item

1 Discharge |OPTIFLUX2000]  Krohne 0.18
2 Speed E6B2-CWZI1X | OMRON 0.02
3 Head 3051 ROSEMOUNT 0.05
4 Load 76F3C HBM 0.07
- Absolute Zhong Yang

0 pressure 5200 VHEMDU 0l
6 | Fluctuation 112A22 PCB 0.1
7 Air temp W302C Xi'an 0.1
8 | Water temp WZB-120 Xi'an 0.1
9 Angle RVIT15-120 Kang Yu 0.1
jo | fmbient MTI10  |YOKOGAWA| 01

pressure
Table 4 Standard prime instruments
No Name Measuring range Uncertainty
1 Calibration tank 50~150 m? 0.047
DP1610 Pressure
2| Calibrator DPIGI0| 10 00KPa 002
3 Weight 1520 kg 0.002

Q= Table 3 W Table 49} Zt} tjHE

o
= .
gdAgo] 0.10)/4folH

& AIS Ale] =
FR7E A= 0.0470)/ g0l

3.3. D& EHI
B AgofA AHE nd 23} 80| AlY, DM-80%

H|9] ¢lE|#|o] A(interface) &{H Al B F8 A G2
Table 5%t Fig. 63} At RE 24 EHRIO 4=x= IEC
60193 standarde]] w2l 7|5}eH4], @584, Leal o5h4
RS AR REESSHEE IECALEA 83 3
S32k A S] Woll A A&kt

Table 5 Major constants and dimensions

No Definition Symbol|  Value Unit Note
1 | Gravity acceleration| g 9.80665 m/s?
g | local gravity g5y | e
acceleration
3 21/60000 1.0472x104
4 Length (,)f L 13 m
dynamometer's arm
pg
5 | (based on standard | pg 979655 | kN/m3 |At 20 T
gravity acceleration)
6 Diameter of model D 04 m
runner
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Table 6 Sigmai(o;) at H=5m and 10m

No | Hp(m) | Open(, ) |nll (/min) | Q11(/s) | Sigmal
1 10 28 142.3 1171 0.311
2 10 34 142.3 1308 0.498
3 10 40 142.3 1407 0.581
4 44 201.3 1797 0.737
5 52 201.3 1920 0.834

s=FHOIAE S =28 M7, M3s, 2014
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Fig. 15 Cavitation curve for prototype
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