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ABSTRACT

In addition to the development of micro hydro turbine, the challenge in micro hydro turbine design as sustainable hydro
devices is focused on the optimization of turbine runner blade which have decisive effect on the turbine performance to reach
higher efficiency. A multi-objective optimization method to optimize the performance of runner blade of propeller turbine for
micro turbine has been studied. For the initial design of planar blade cascade, singularity distribution method and the
combination of the Bezier curve parametric technology is used. A non-dominated sorting genetic algorithm II(NSGA 1II) is
developed based on the multi-objective optimization design method. The comparision with model test show that the blade
charachteristics is optimized by NSGA-II has a good efficiency and load distribution. From model test and scale up calculation,

the maximum prototype efficiency of the runner blade reaches as high as 90.87%.
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Table 2 Comparision of optimal results and initial value

Shape Initial .

parameter | value Pareto solution
di 0616 | 0515 | 0649 | 0677 | 0.725 | 0.648 | 0.657
& 0518 | 0910 | 0931 | 0971 | 0515 | 0.976 | 0.932
ds 0.172 | 0.128 | 0.145 | 0401 | 0176 | 0.114 | 0.119
d 0.132 | 0.111 | 0517 | 0322 | 0.115 | 0534 | 0.121
ds 0277 | 0234 | 0873 | 0.726 | 0.383 | 0.915 | 0.389
ds 0701 | 0497 | 0.721 | 0677 | 0.763 | 0.721 | 0.126
& 0735 | 0910 | 0947 | 0890 | 0.912 | 0.950 | 0.929
ds 0821 | 0331 | 0935 | 0627 | 0571 | 0575 | 0.569
do 0763 | 0.435 | 0249 | 0906 | 0541 | 0.645 | 0.149
do | 0873 | 0672 | 0677 | 0334 | 0677 | 0701 | 0.721
din 0945 | 0944 | 0942 | 0944 | 0.945 | 0.937 | 0.940
diz | 0972 | 0457 | 0943 | 0.875 | 0677 | 0577 | 0532
dix 0 | 9544 | 8985 | 9240 | 9197 | 8733 | 8.303
diy 0 |-9.301|-9.345| 9352 | -8578 | -9.660 | -8.737
dux 0 | -8575| 8831|8499 | -7.237 | -8.967 | -7.733
diy 0 | 7766 | 6705 | ~7.121 | -2.346 | 6585 | 6.633

Efficiency (°6)] 87.247 | 80.345 | 83.494 | 89.021 © 90.889 * 91.350 | 91572
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Table 3 Optimal solutions of single objective optimization

o
Tk

p;:;ﬁer I\th]ﬁ Optimal solutions
di 0616 | 0554 | 0691 | 0583 | 0.710 | 0.611 | 0.732
do 0518 | 0962 | 0915 | 0977 | 0.753 | 0992 | 0.899
ds 0172 | 0167 | 0216 | 0474 | 0184 | 0.112 | 0.144
ds 0132 | 0.134 | 0667 | 0416 | 0.183 | 048 | 0.136
ds 0277 | 0294 | 0.781 | 0651 | 0.224 | 0.887 | 0474
ds 0.701 | 0508 | 0.722 | 0644 | 0541 | 0.69%6 | 0.237
dz 0.735 | 0.843 | 0917 | 0.898 | 0936 | 0.871 | 0.992
dg 0.821 | 0.389 | 0.861 | 068 | 0491 | 0337 | 0.582
dy 0.763 | 0402 | 0212 | 0965 | 0533 | 0426 | 0.308
dio 0.873 | 0.766 | 0540 | 0324 | 0661 | 0.794 | 0.888
dit 0945 | 0935 | 0944 | 0939 | 0.857 | 0933 | 0.964
diz 0972 | 0.886 | 0943 | 0.804 | 0634 | 0582 | 0.421
dix 0 9664 | 8510 | 9150 | 8252 | 9.755 | 8448
diy 0 | -8367|-9441 | -9.247 | -8.115 | -8.760 | -9.648
dix 0 |-8616|-9.813 | -8477 | -7.116 | -8.444 | -7.227
diy 0 7990 | -4.422 | -7.881 | -2.110 | -5.556 | 6.866
[Ffficiency(%0)| 87.247 | 89.115 | 88.987 & 90.570 © 83.449 | 89.588 | 90.210
— (Pa)—’8,996.37*9,009.02*9,290.77}8,910.54}8,899‘01 9,393.43-9,440.14
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Fig. 11 (a) Optimization history of objective function
efficiency and (b) Minimum static pressure
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Table 4 Comparison of reference and optimized blade
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Fig. 16 Velocity contours of optimized runner blade

28

o
Th

100
20
80 e
= 70 B =3
S
H 60 a=te 2 S
2 sygx
50 ’
) \
30 :X&)
20 :
50 100 150 200 250 300 350
n11(r/min)
Fig. 17 Blade efficiency and unit speed depend
on the guide vane opening‘?
6.8 E

S

2 Aol 1 Aeetel Gzt gl Soly
g S1g) o9 w0l BHE E Al
o= AR okt 71 eu Beflo|=g 7]
417} NSGA-IIE o} 83 THE(g % Ha g
o =g aﬂaﬂﬂ oy Bdol=o] A A

P Algzhate) uag Fo) theat

HN

) T BAFS HASHES: 90.9%,
—17,530.5Pa)7} @ SAek XK AEE 90.6%)°
Blaf m& ZiA el T2 0.319%7F ZfelA|u,
29l M AJo|ut Aol ook Wl Bagk
Atz HiAle] BE F2o) disf FAlo] HHeE
I U A o) viol a2

22} gy Ego|=o] ALk gkl 1

2% e

Td EAG 23t vlsf @Al siE el
Bolgt dAA A3} HHoletal AbrE T

2) 4 9y Edlo|=¢} 7| Hyete HH EEH

oflAe] g W At £&=E vlaste] HA3kE 2y

EYo|=7t Aso] JHAE Nt A Eelstalal, F

I ffof et el AIF A} 58 gho] 0.3%2] A%

aolE B JER 2 A3} Ho] X&) 421 AA

o faPHl Sekele Belshalnt,

Hon

7|

H AT 20139 ARIEAXLE(MOTIE) 9] g0z
Sto | 2| 7|4 H 7MY (KETEP) o] A-abA (A wjo]=L

2 3} 3l A28 A, No:2011T100200136) 2] A&
ol 3Rt AabAl] ARl

S=RAMDIHSE =28 M7, K4S, 2014



NSGA-IE 012¢t nto|m2 =2 Xt 230|= X|Xs}

References

(1) Faulkner, S. A, 191, “A Simplified Low Head Propeller
Turbine for Micro Hydroelectric Power, “Master Engineering
Thesis, University of Canterbury.

(2) Lippold, F., Gode, E., Ruprecht, A., 2003 On the “Design
of a Variable-Speed Turbine with Fixed Blades and
Fixed Guide Vanes,” Proceeding of the International
Conference on CSHSO03.

(3) Deb, K Pratap, A., Agarwal, S., and Meyarivan, A Fast and
Elitist Multiobjective Genetic  Algorithm: NSGA-II, 2002,
IEEE Transactions on Evolutionary Computation, Vol.6, No.
2, pp.182-197.

(4) Ruprecht, A., Maihofer M. Heitele M., Helmrich T., 2002,
“Massively Parallel Computation of the Flow in Hydro
Turbines,” Proceedings of Hydraulic Machinery and
Systems 21st IAHR Symposium September 9-12, Lausanne.

(5) Ruprecht, A., Ruopp, A.Simader, J.2014, “CFD-ba sed
Mathematical Optimization of Hydroturbine Components

S=RMDIHSE =28 M7, M4Z, 2014

Using Cloud Computing,” Advances in Hydroinformatics
Springer Hydrogeology, pp. 375-387.

6) BHAE, e, 28, AW, olds, 2014, °CFDE ol &
o 10kWH 2d A38 Z29y 39 §3F 2 9y
Hl 2l g W] wE A A SERAT| A =
3, A7 23, pp 5-11

(7) HiraN., Takizawa,E., 1968, Principle and Practice of Fluid
Mechanics,Hirokawa Publishing Co., Tokyo

(8) Bohl, W., 2005 Stromungsmachinen 2, Berchnung und
Kakulation: Vogel Fachbuch.

(9) Zhang, 7., 2000, “Understanding of MATLAB 53
version,” Beijing University Aeronautics and Astronautics
Publishing House.

(10) Introduction to STAR CCM+,2013,CD-adapco.

(11) Ismail, B.C., 1999, Introduction Turbulence Modelling,
Lectures Notes.

(12) 100kW propeller turbine model test report for DSK,
2013, Dongfang Electric Machinery Co., LTD.

29



