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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 II) 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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| Known parameters |
1

‘ Calculate the pitch of blade cascade p ‘

]

Calculate the geometric average
velocity w., and the angle f3.,

| Calculate the circulation around the airfoil I'y |

]

| Choose the circulation density y(s) |

Calculate the first approximate airfoil
Using the successive approximation method to
calculate Bg

i

Calculate the second approximate airfoil

i

Draw the second approximate airfoil mean
camber line

i

Thicken the airfoil mean camber line to form
the blade actual airfoil

i

| Combined the airfoils into the blade

Fig. 1 Flow chart of initial blade design
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Fig. 2 (a) Blade cascade and its coordiantion system and
(b) Approximate blade cascade
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The first approximation

The second approximation

Fig. 4 Approximate method of mean camberline

Upper camber line

Leading edge Mean camber line

The chord of airfoil -
Trailing edge

Down camber line

l

Fig. 5 NACA airfoil geometrical construction

(15)

y, () =1t (1.4845 v/ — 0.63002z — 1.7580z" + 1.42152° — 0.50752" )

r,(2) =1.109¢* (16)
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Table 2 Comparision of optimal results and initial value

Shape Initial
parameter | value

d 0616 | 0515 | 0649 | 0677 | 0.725 | 0.648 | 0.657
do 0518 | 0910 | 0931 | 0971 | 0515 | 0.976 | 0932
ds 0172 | 0128 | 0.145 | 0401 | 0176 | 0.114 | 0.119
ds 0132 | 0111 | 0517 | 0322 | 0115 | 0.534 | 0.121
ds 0277 | 0234 | 0873 | 0.726 | 0383 | 0.915 | 0.389
ds 0701 | 0497 | 0.721 | 0677 | 0.763 | 0.721 | 0.126
dy 0.735 | 0910 | 0947 | 0890 | 0912 | 0.950 | 0.929
dg 0.821 | 0.381 | 0935 | 0627 | 0.571 | 0.575 | 0.569
do 0.763 | 0435 | 0.249 | 0.906 | 0541 | 0.645 | 0.149
dio 0873 | 0672 | 0677 | 0334 | 0677 | 0.701 | 0.721
dn 0945 | 0944 | 0942 | 0944 | 0945 | 0937 | 0.940
dio 0972 | 0457 | 0943 | 0875 | 0.677 | 0.577 | 0.532
dix 0 0544 | 8985 | 9240 | 9197 | 8733 | 8303

Pareto solution

diy 0 [-9.301 | -9.345| -9.352 | -8.578 | -9.660 | -8.737
dix 0 |-8575|-8881|-8499 | -7.237 | -8.967 | -7.733
diy 0 7.766 | -6.705 | -7.121 | -2.346 | -6.585 | 6.633

[Efficiency (%) 87.247 | 89.345 | 88.494 | 89.021 : 90.889 : 91.350 | 91.572
Minimum
pressure(Pa)

-8.995.371-8,325.18-7,400.22-7,750.85-7,430.51--8,825.34-8,420.12

Aole 7Ee 2E Al AHERE Y Sol=1e| 7
E7F A7) AlFsks A AAvlElelA gEE 10% vk
& 7] —10,000Pa2 A7}, At 2 S|l =
Ao ofl= Al A3} ghe 227 giEo] 9 Sk F
Aste] - A o A 2] AulE ol At 2aE
Aoz AT 5 AN, AR B2 FAA A4
W she-of oJEsfor . oof whel v A 24
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Xqiilw —r°”5h’+ 1 éﬂ‘)ﬂ “HOH “7411}2 4 *é oXl—r s

N

aae Ak Aol 494 ai% 22 rﬂow e
Sl Aol Sltk. THe B Hxislel piel AR 27
o} Au7} ) BB 0,819%7} Aol uk nlol A 4
A 5% Aol sk o7t ol 4 :

71 #uiet 2stel e o) P s, Ha A, RE
2 Table 0] WsieIc), B8 4 ATol Tfe) ol
Ado] BAES o BRE 3.672% T HAT 4
e 17.5% F7h SHk. B Zelol=e) /1% A4t A
st PAaate] Hjol Fig, 139 Hlmsheich

HuY | 2 F7h Telm slE o) okl v
H2skel 2uo sa YA EAIST,

Fig. 131448 712 4] uls) HAz 2yt v
Ygrom AWASE 719717 Sl FAEs A2

2 % 9k

=)

25



Table 3 Optimal solutions of single objective optimization

oy
Tk

Shape | Initial Optimal solutions
parameter | value
dp 0616 | 0554 | 0691 | 0588 | 0.710 | 0.611 | 0.732
dy 0518 | 0962 | 0915 | 0977 | 0.753 | 0992 | 0.899
d3 0172 | 0167 | 0.216 | 0474 | 0184 | 0112 | 0.144
ds 0.132 | 0.134 | 0667 | 0416 | 0.183 | 0485 | 0.136
ds 0.277 | 0294 | 0.781 | 0.651 | 0.224 | 0837 | 0.474
ds 0.701 | 0508 | 0.722 | 0644 | 0541 | 0.696 | 0.237
d; 0.735 | 0.843 | 0917 | 0.898 | 0936 | 0.871 | 0.992
dg 0.821 | 0.389 | 0.861 | 0.686 | 0491 | 0.337 | 0.582
dg 0.763 | 0.402 | 0.212 | 0965 | 0533 | 0.426 | 0.308
dio 0873 | 0.766 | 0540 | 0.324 | 0661 | 0.794 | 0.888
dn 0945 | 0935 | 0.944 | 0939 | 0.857 | 0933 | 0.964
di2 0972 | 0.8% | 0.943 | 0.804 | 0634 | 0582 | 0421
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