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Study on the Optimization of Stacking Sequence of
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Abstract

This thesis investigated the performance of highly-skewed and highly-raked FRP
marine propellers with optimization of arranging the stacking sequence.

The application of genetic algorithms(GA) to the stacking sequence of composite
laminates has grown in recent years, but GA always takes a lot of time because of huge
calculation. To reduce calculation time, we insert a local improvement into GA, and the
calculation by finite element analysis is replaced by a regression model. The GA with local
improvement is applied to the composite propeller. It converges much sooner than a standard
GA and the calculation time greatly reduced. So this thesis uses the improved GA to search
for the optimal stacking sequence.

We get the performance and the deformation of FRP propeller by Combining with PSF2,
ABAQUS, and the improved GA. The pre-deformed propellers conform to the demands of
optimization. Finally, an experiment i made to verify the result of calculation. The
performance and the deformation of the propeller are found to be close to the result of the
calculation in this study. The pitch of the propeller is reduced when the axial inflow velocity
is reduced. The optimized composite material propeller outperforms traditional metal

propellers.
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’ Obtain regression coefficients ‘

!
’ Determine local individuals ‘

b

’ Evaluate using regression coefficients ‘

’ Evaluate the best design using FEM ‘

’Insert the best design to the population‘

Return to main program
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%< 2-1 DTNSRDC 4383 Jigligf 17 34 [
Number of blades, k : 5
Diameter : 0.305 m
Hub-Diameter Ratio : 0.2
Expanded Area Ratio :  0.725
Section Meanline : NACA a=0.8
Section Thickness Distribution : NACA 66
Design Advance coefticient, JA : 0.889

/R P/D Xm/D Degree C/D Camber/Ci | Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 1.539 0.0119 4.647 0.202 0.0408 0.0396
0.3 1.512 0.0390 9:293 0.229 0.0407 0.0358
0.4 1.459 0.0763 18.816 0.275 0.0385 0.0294
0.5 1.386 0.1078 27.991 0.312 0.0342 0.0240
0.6 1.296 0.1324 36.770. 0.337 0.0281 0.0191
0.7 1.198 0.1512 45.453 0.347 0.0230 0.0146
0.8 1.096 0.1651 54.245 0.334 0.0189 0.0105
0.9 0.996 0.1745 63.102 0.280 0.0159 0.0067
0.95 0.945 0.1773 67.531 0.210 0.0168 0.0048
1.0 0.895 0.1790 72.000 0.000 0.0000 0.0029

< 2-2 i85 (graphite-epoxy) gt VAT [

Young’s modulus (longitudinal) El1=1.12x 10" Pa
Young’s modulus (transverse) E2=1.05x10""Pa
Shear modulus G12=28.4x 10° Pa
Poisson’s ratio 0.32
Ply thickness t=1.55%x10"m
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The Best Fitness of Generations
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% 3-1. 1% 30cm VRIS (7 2 BT

r/R 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1 D(ft KQ0889 KQO06 dK
rake/D 0 0.0199 | 0.039 0.0763 | 0.1078 | 0.1324 | 0.1512 | 0.1651 | 0.1745 | 0.1773 | 0.179
skew 0 4.647 9.293 18.816 | 27.991 36.77 | 45453 | 54.245 | 63.102 | 67.531 72

deflected P/D 1.5562 1.535 | 1.5075 | 1.4407 | 1.3447 | 1.2231 | 1.0848 | 0.9316 | 0.7684 | 0.6831 | 0.6002 | 1.015 0.03644 0.05389 | 0.01745
rake/D 0.0001 | 0.0189 | 0.0365 | 0.0717 | 0.1026 | 0.1281 | 0.1499 | 0.1696 | 0.1883 0.197 | 0.2037
skew -0.0361 | 5.0168 | 9.871 | 19.7553 | 29.237 | 38.2823 | 47.158 | 56.006 | 64.7809 | 69.136 | 73.575
rake/D -0.0001 | 0.0211 | 0.042 | 0.08182 | 0.114 | 0.13756 | 0.1528 | 0.1597 | 0.15794 | 0.1537 | 0.1494
skew 0.04332 | 4.2032 | 8.5994 | 17.6888 | 26.496 | 34.9552 | 43.407 | 52.132 | 61.0873 | 65.605 | 70.11

deflected P/D 1.5669 | 1.5484 | 1.52445 | 1.47945 | 1.4154 | 1.3299 | 1.2271 | 1.1003 | 0.95715 | 0.8832 | 0.8175 | 1.013 0.03978 0.05241 | 0.01263
rake/D 0 0.0196 | 0.0381 | 0.0748 0.105 0.1_2805- _0'.146 0.162 | 0.17735 | 0.1843 | 0.1885
skew 0.0233 | 4.5722 | 9.2515 | 18.7381 | 27.92 "' 36.".27 45.488 | 54.477 | 63.5927 | 68.148 | 72.762

rake/D -0.0001 | 0.0218 | 0.04368 | 0.08472 | 0.1186 .| 0.14381 01593 0.1624 | 0.15121 | 0.1406 | 0.132
skew 0.02402 | 4.2042 | 8.51048 | 17.5569 | 26.282 | 34.6439 | 42.956 | 51.432 | 60.0955 | 64.48 | 68.817
deflected P/D 1.56955 | 1.5398 | 1.51375 | 1.4612 | 1.3917 | 1.3074 | 1.2186 | 1.1229 | 1.0026 | 0.9635 | 0.9424 | 1.01 0.04858 0.06442 | 0.01584
rake/D 0 0.02 0.0395 | 0.07715 | 0.1089 | 0.1335 | 0.1515 | 0.1643 | 0.1693 | 0.1689 | 0.1639
skew -0.0003 | 4.5873 | 9.16555 | 18.6404 | 27.752 | 36.4674 | 45.09 | 53.864 | 62.6784 | 67.128 | 71.674
rake/D -0.0002 | 0.0224 | 0.04485 | 0.0869 | 0.1214 | 0.14684 | 0.1621 | 0.1625 | 0.14917 | 0.1377 | 0.1345
skew 0.03405 | 4.1108 | 8.3759 | 17.2991 | 25.933 | 34.2172 | 42.465 | 50.841 | 59.4861 | 63.823 68
deflected P/D 1.56955 | 1.5398 | 1.51375 | 1.4612 | 1.3917 | 1.3074 | 1.2186 | 1.1229 | 1.0026 | 0.9635 | 0.9424 | 1.005 | 0.05061 0.06706 | 0.01644
rake/D 0 0.02 0.0395 | 0.07715 | 0.1089 | 0.1335 | 0.1515 | 0.1643 | 0.1693 | 0.1689 | 0.1639
skew -0.0003 | 4.5873 | 9.16555 | 18.6404 | 27.752 | 36.4674 | 45.09 | 53.864 | 62.6784 | 67.128 | 71.674
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e 2. 1 20cm VIR R ([P 3 PRSP

r/R 0.2 0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1 D(cm) | KO0889 KOQ06 dK
rake/D 0 0.0199 | 0.039 | 0.0763 | 0.1078 | 0.1324 | 0.1512 | 0.1651 | 0.1745 | 0.1773 | 0.179
skew 0 4.647 | 9.293 | 18.816 | 27.991 | 36.77 | 45.453 | 54.245 | 63.102 | 67.531 72

deflected P/D 1.56713 | 1.5424 | 1.51661 | 1.46298 | 1.3891 | 1.2965 | 1.1938 | 1.0827 | 0.96738 | 0.9076 | 0.8519 0
rake/D 0.0001 | 0.0196 | 0.0383 | 0.0751 | 0.1063 | 0.1308 | 0.1498 | 0.1646 | 0.1763 | 0.1808 | 0.1838
skew -0.02 | 4.6662 | 9.3604 | 18.9046 | 28.125 | 36.9344 | 45.663 | 54.487 | 63.3886 | 67.847 | 72.361
rake/D -0.0001 | 0.0202 | 0.0397 | 0.0775 | 0.1093 | 0.134 | 0.1526 | 0.1656 | 0.1727 | 0.1738 | 0.1742
skew 0.02 4.6278 | 9.2256 | 18.7274 | 27.857 | 36.6056 | 45.243 | 54.003 | 62.8154 | 67.215 | 71.639

deflected P/D 1.5655 | 1.5365 | 1.5101 | 1.4554 | 1.3808 '1..289 1.1909 | 1.0892 | 0.9917 | 0.9425 | 0.8956 20.01 0.04891 0.06834 | 0.01943
rake/D 0 0.0199 | 0.0392 | 0.0764 | 0.1081 0.13;28 0._1517 0.1656 | 0.1745 | 0.177 | 0.178
skew 0.0101 | 4.6732 | 9.30025 | 18.8511 | 28.037 : | 145.506 | 54.289 | 63.1066 71.947

rake/D -0.0001 | 0.0203 | 0.0397 | 0.07784 | 0.1095 0.135:108 | 0.1525 | 0.1651 | 0.17198 | 0.1729 | 0.1738
skew 0.01386 | 4.5835 | 9.18849 | 18.6428 | 27.74 | 36.4519 | 45.085 | 53.846 | 62.6944 | 67.121 | 71.57
deflected P/D 1.5620S5 | 1.538 | 1.5099 | 1.4583 | 1.3864 | 1.29925 | 1.2026 | 1.1035 | 1.0076 | 0.9579 | 0.9086 0.05038 0.06998 | 0.0196
rake/D -0.0001 | 0.0201 | 0.0392 | 0.0768 | 0.1083 | 0.1328 | 0.1515 | 0.1651 | 0.17395 | 0.1765 | 0.1782
skew 0.0156 | 4.6404 | 9.27305 | 18.7835 | 27.928 | 36.6756 | 45.346 | 54.137 | 62.9949 | 67.426 | 71.859
rake/D 0.00012 | 0.0197 | 0.039 | 0.07582 | 0.1076 | 0.1324 | 0.1514 | 0.1657 | 0.17516 | 0.1779 | 0.1787
skew -0.0021 | 4.5787 | 9.19153 | 18.6472 | 27.765 | 36.5016 | 45.139 | 53.895 | 62.7414 | 67.164 | 71.653
deflected P/D 1.5682 | 1.5397 | 1.5109 | 1.4580S | 1.3857 | 1.29585 | 1.2088 | 1.1053 | 1.0105 | 0.9642 | 0.9153 0.05061 0.07016 | 0.01955
rake/D 0.0001 | 0.0195 | 0.0385 | 0.0749 | 0.1065 | 0.1313 | 0.1507 | 0.1658 | 0.17695 | 0.1809 | 0.1826
skew 0.0044 | 4.6214 | 9.27605 | 18.7829 | 27.953 | 36.74 | 45.404 | 54.181 | 63.0318 | 67.449 | 71.921
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% 3-3  DTNSRDC 4498 [EI5 1 2% {7 [20]

Number of blades : 5
Diameter : 0.305 m
Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725

Section Meanline: NACA a=0.8
Section Thickness Distribution: NACA 66

/R P/D Rake/D Degree C/D Camber/Ci Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 | 1.539 0. 4.647 0.202 0.0408 0.0396
0.3 1.512 0. 9.293 0.229 0.0407 0.0358
0.4 1.459 0. 18.816 0.275 0.0385 0.0294
0.5 1.386 0. 27.991 0.312 0.0342 0.0240
0.6 1.296 0. 36.770 0.337 0.0281 0.0191
0.7 1.198 0. 45.453 0.347 0.0230 0.0146
0.8 1.096 0. 54.245 0.334 0.0189 0.0105
0.9 0.996 0. 63.102 0.280 0.0159 0.0067
0.95 | 0.945 0. 67.531 0.210 0.0168 0.0048
1.0 0.895 0. 72.000 0.000 0.0000 0.0029
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Expanded Area Ratio: 0.725

%< 3-4. DTNSRDC 4497 [V g% i [20]

Number of blades : 5
Diameter : 0.305 m
Hub-Diameter Ratio: 0.2

Section Meanline: NACA a=0.8
Section Thickness Distribution: NACA 66

/R P/D Rake/D Degree C/D Camber/Ci Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 | 1.539 0. 2.328 0.202 0.0408 0.0396
0.3 1.512 0. 4.655 0.229 0.0407 0.0358
0.4 1.459 0. 9.363 0.275 0.0385 0.0294
0.5 1.386 0. 13.948 0.312 0.0342 0.0240
0.6 1.296 0. 18.378 0.337 0.0281 0.0191
0.7 1.198 0. 22.747 0.347 0.0230 0.0146
0.8 1.096 0. 27.145 0.334 0.0189 0.0105
0.9 0.996 0. 31578 0.280 0.0159 0.0067
0.95 | 0.945 0. 33.788 0.210 0.0168 0.0048
1.0 0.895 0. 36.0 0.000 0.0000 0.0029

37




%< 3-5. DTNSRDC 4382 I figli=5 i [20]

Number of blades : 5
Diameter : 0.305 m
Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725

Section Meanline: NACA a=0.8
Section Thickness Distribution: NACA 66

/R P/D Rake/D Degree C/D Camber/Ci Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 | 1.539 0.0093 2.328 0.202 0.0408 0.0396
0.3 1.512 0.0185 4.655 0.229 0.0407 0.0358
0.4 1.459 0.0367 9.363 0.275 0.0385 0.0294
0.5 1.386 0.0527 13.948 0.312 0.0342 0.0240
0.6 1.296 0.0656 18.378 0.337 0.0281 0.0191
0.7 1.198 0.0758 22.747 0.347 0.0230 0.0146
0.8 1.096 0.0838 27.145 0.334 0.0189 0.0105
0.9 0.996 0.0901 Sl ¥/ 3 0.280 0.0159 0.0067
0.95 | 0.945 0.0924 33.788 0.210 0.0168 0.0048
1.0 0.895 0.0942 36.0 0.000 0.0000 0.0029
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% 3-6. DTNSRDC-4498 = DTNSRDC-4383 ] {7tk

KQ
Propeller o [~ 4498 fF:U:zF’*,F%f% 4498 | = fE [~ 4383 r;a’wf,r,%% 4383
J=0.889 0.05189 0.05204 0.05061 0.05060
J=0.6 0.06967 0.07311 0.06706 0.07196
AKQ 0.01778 0.02107 0.01644 0.02136
AKQ 7™ &l 0.00329 0.00492

% 3-7. DTNSRDC-4497 =* DTNSRDC-4382 -]/ {F et 4k

KQ
Propeller 6 (5 {™ 4497 T%’Li[ﬁ‘%?r 4497 | FH{E [™ 4382 ’Ta'U,‘!F",F%}?r 4382
7=10.889 0.04914 0.04964 0.05169 0.05212
1=06 0.07148 0.07212 0.07246 0.07414
AKQ 0.02234 0.02248 0.02077 0.02202
AKQ 7 [ & 0.00014 0.00125

. 3-8. DTNSRDC-4498 =* DTNSRDC-4383 (D=20cm) 7 [FErt=di

KQ
Propeller & [~ 4498 ’FL?F"[F%%‘ 4498 | B[E (™ 4383 ’Flﬁfi??{l‘ 4383
J=10.889 0.051245 0.05214 0.05061 0.05061
1=0.6 0.070545 0.07311 0.07016 0.07196
AKQ 0.0193 0.02107 0.01955 0.02136
AKQ 7 [~ £ 0.00177 0.00181
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% 3-9 DTNSRDC 4383 (D = 30 cm) ﬁ*%ﬁfj?ﬁg% % IV R AgR [

/R BRI R 9 P/D BEUAA@H), 519 P/D
0.2 1.5793 1.5696
0.25 1.5302 1.5398
0.3 1.4977 1.5138
0.4 1.4585 1.4612
0.5 1.4119 1.3917
0.6 1.3701 1.3074
0.7 1.3485 1.2186
0.8 1.3425 1.1229
0.9 1.3409 1.0026
0.95 1.3409 0.9635
1.0 1.3432 0.9424

Z< 3-10 DTNSRDC 4498 (D = 30 cm) ) fi[= i@t/ i< [ JRIFFAR [~

/R B4 P Y P/D BEUAA@H), 519 P/D
0.2 1.5525 1.5616
0.25 1.5096 1.5310
0.3 1.4795 1.5035
0.4 1.4450 1.4595
0.5 1.4016 1.3905
0.6 1.3583 1.3140
0.7 1.3279 1.2354
0.8 1.3259 1.1610
0.9 1.3709 1.0970
0.95 1.4100 1.0674
1.0 1.4795 1.0441
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F< 3-11 DTNSRDC 4383 (D = 20 cm) A7 =AY i 19 JR{FiRdh

/R BRI R 9 P/D BEUAR@H), 515 P/D
0.2 1.5697 1.5682
0.25 1.5387 1.5397
0.3 1.5100 1.5109
0.4 1.4592 1.4581
0.5 1.3891 1.3857
0.6 1.3030 1.2959
0.7 1.2216 1.2088
0.8 1.1258 1.1053
0.9 1.0434 1.0105
0.95 1.0037 0.9642
1.0 0.9582 09153

F< 3-12 DTNSRDC 4498 (D = 20 cm) @ fi[=idTt/, i< i JRIFFAR [~

/R B4 P Y P/D BELA7@ 4[5 P/D
0.2 1.5637 1.5707
0.25 1.5267 1.5377
0.3 1.4984 1.5089
0.4 1.4565 1.4617
0.5 1.3942 1.3934
0.6 1.3207 1.3086
0.7 1.2412 1.2148
0.8 1.1730 1.1240
0.9 1.1170 1.0327
0.95 1.0861 0.9802
1.0 1.0588 0.9161
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KT,10KQ,ETA

KT,10KQ,ETA

0.8 —

predeformed propeller, n=7

0.4 —
0.2 —
—aA—— KT
—e— 10KQ
7 —¥— ETA
0 I ' I ' ' |
0.6 0.8 1 1.2
J
[ 4-20. 4383 Jab (5 et U IR TR (0=T)
0.8 M
0.6 —
0.4 —
0.2 — ;A:T\\
—e— 10KQ
_ —¥— ETA
0 I ' I ' I ' |
0.6 0.8 1 1.2

J
[ 4-21. 4383 Jeb Ff ATV BRSSP (n=13)
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KT,10KQ

KT,10KQ,ETA

0.8 —
predeformed propeller, n=7
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,),

0.6 —
0.4 —
0.2 —

—a— KT

—— 10KQ
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0.6 0.8 1 1.2
J
[l 4-22. 4498 i (BRI 1 (0=T)
> predeformed propeller, n = 13
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[ 4-23. 4498 b (5 AV SRR TS (0=13)
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KT,10KQ,ETA

KT,10KQ,ETA

0.8 —

predeformed propeller, n =7
[45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,],
0.6 —
0.4 —
02— | —a—— KT from experiment
——6—— KQ from experiment
| | ——— KT from calculation
—@—— KQ from calculation
0 T T l T l T |

0.4

0.6 0.8 1 1.2

J

[l 4-24. 4383 {8 fF i BOERES RGN DT (0=7)

0.8 —
predeformed propeller, n = 13
| [45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,].
0.6 —
0.4 —
0.2 —
—a&A—— KT from experiment
——&—— KQ from experiment
- ——A—— KT from calculation
—@—— KQ from calculation
° [ ' [ ' [ ' |
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[jif 4-25. 4383 Ja et A RREE R RIATN Do (n=13)
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KT, 10KQ

KT, 10KQ

predeformed propeller, n =7
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,],

——— KT from experiment
——&—— KQ from expeiment
—A—— KT from calculation
—@—— KQ from calculation

I ' I : I ! !
0.6 0.8 1 12
J

[l 4-26. 4498 {5 e BOER=SF FIAG N D9 (n=7)

0.8 |

predeformed propeller, n = 13
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,],

—=—— KT from experiment
——6c—— KQ from experiment
—&—— KT from calculation
—@—— KQ from calculation

I ! I ! I ! |
0.6 0.8 1 1.2
J

[fi! 4-27. 4498 Jeb e IR BIAGN L (n=13)
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10KQ

= DTHSROC DATA [H]
=== MIT DATA [I12]
) PRESENT THEORY .

Ll A

KT.

<3 .4 -5 B .7 .8 -8 i
ADVANCE COEFFICIENT, J

[ 4-28 PSF2 ik i f1 B4 2]

0.75 —/
predeformed propeller, calculated
. [45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,]
0.7 —Q
0.65 —
0.6 —
0.55 — —4&—— n=7
—+H— n=13
- —&—— n =20 (design point)
0.5 T l T l T |
0.6 0.7 0.8 0.9
J

[ 4-29. {EpE R 4383 T = AR ™ KQ Uk

60



KT,10KQ

10KQ

0.8 —

0.7 —

0.6 —

0.5 —

0.4 —

predeformed propeller
[45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,],

[

—A—— KQ(n=7)
—e— KQ(n=13)

0.3

l

T I T I T

0.6 0.8 1 1.2
J
[ 4-30. HAEREN] 4383 Tt PP KQ fub=iE
* 7] predeformed propeller
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,]
0.7 —
0.6 —
0.5 —
0.4 —
o3 | ' | ' | ' |
0.6 0.8 1 1.2
J

[pi' 4-31. BrRE RN 4498 G R N KQ Ul
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10KQ

10KQ

0.76 —

- —A—— 4383 optima design
—@—— 4498 optima design

0.72

0.6 —

0.56 —

0.6 0.7 0.8 0.9
J

[l 4-32. 4383 T 4498 I/ H(B& KQ flI60] s =i (n=7)

0.75 —
—A—— 4383 optima design
—@—— 4498 optima design
0.7 —
0.65 —
0.6 —f
0.55 —
0.5 T I T I T l
0.6 0.7 0.8 0.9
J

[jil 4-33. 4383 = 4498 V(R KQ [lasls] = [ (n=13)
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[ 4-35. LS
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DTNSRDC-4383 n=7
J = 0.6 [45/0/45/0/45/45/0/0/0/0/0/0/]s

DTNSRDC-4383 [45/0/45/0/45/45/0/0/0/0/0/0]s
J=06 n=13rps

dx =93 pix = 1.918mm
calculated dx = 1.863mm
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DTNSRDC-4498 n =7 rps
J =0.6 [45/90/45/45/45/45/0/0/0/0/0/45]s

dx = 18pix = 0. 371mm
calculated dx = 0.291mm

q\%\' 4-38. 4498 lﬁﬁ»@ﬁ& n=7rps V" pvigr £l

DTNSRDC-4498, n = 13 rps
J = 0.6 [45/90/45/45/45/45/0/0/0/0/0/45]s

dx = 39pix = 0.803mm
calculated dx = 0.881mm
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4 4-1. DTNSRDC-4498 FFIRg Tl 24 7 2247

Number of blades : 5

Diameter : 0.305 m

Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725

Section Meanline: NACA a=0.8

Section Thickness Distribution: NACA 66

Pitch Rake Skew Chord Camber Thickness

/R P/D Rake/D Degree C/D Camber/Ci | Thickness/D
0.2 1.571 0.000 0.035 0.174 0.0402 0.0434
0.25 1.538 0.000 4.650 0.202 0.0408 0.0396
0.3 1.509 0.000 9.305 0.229 0.0407 0.0358
0.4 1.462 0.000 18.822 0.275 0.0385 0.0294
0.5 1.393 0.000 28.001 0.312 0.0342 0.024
0.6 1.309 0.000 36.778 0.337 0.0281 0.0191
0.7 1.215 0.000 45465 0.347 0.023 0.0146
0.8 1.124 0.000 54.259 0.334 0.0189 0.0105
0.9 1.033 0.000 63.129 0.28 0.0159 0.0067
0.95 0.980 0.001 67.557 0.21 0.0168 0.0048

1 0.916 0.003 71.974 0 0 0.0029

66




Hub-Diameter Ratio

%< 4-2. DTNSRDC-4383 5@@%&%@?{’.“} [’F{ 23
Number of blade , K : 5

:0.2

Expanded Area ratio : 0.725
:NACAa=0.8

Section Meanline
Section Thickness Distribution : NACA 66 (Modified)

Pitch Rake Skew Chord Camber Thickness
/R P/D Rake/D Degree C/D Camber/Ci | Thickness/D
0.2 1.570 0.0000 | -0.002 0.174 0.0402 0.0434
0.25 1.539 0.0197 4.579 0.202 0.0408 0.0396
0.3 1.510 0.0390 9.192 0.229 0.0407 0.0358
0.4 1.459 0.0758 | 18.647 0.275 0.0385 0.0294
0.5 1.389 0.1076 | 28.765 0.312 0.0342 0.024
0.6 1.303 0.1324 | 36.502 0.337 0.0281 0.0191
0.7 1.221 0.1514 | 45.139 0.347 0.023 0.0146
0.8 1.126 0.1657 || 54.895 | 0.334 0.0189 0.0105
0.9 1.043 0.1752 | 62.741 0.28 0.0159 0.0067
0.95 1.004 0.1779 | ' 67.164 0.21 0.0168 0.0048
1 0.958 0.1787 | 71.653 0 0 0.0029
< 4-3. DTNSRDC-4498 5 H f] [Exilh
20 [ C| Bl | B | mapdEn | g% [ Rp | e
pl | 150 30 w0 wmie | A | oy | A
p2 | 150 30 W e | A ] Ay BRENEY
p3 | 150 30 s | owie | U | b | mengEy
p4 | 150 30 FE ®mE | TR A g
ps | 150 30 e e | A | g | BRI
p6 | 150 30 W | e | A | g | bENEY
p7 | 150 30 | wmE | osme | A | oap |
p8 | 150 30 dE | &E | A | A A+
p9 | 150 30 FE wE | TR A | PENSER
pl0 | 150 30 | wmEr | osmie | | g | A




 4-4. DTNSRDC-4383 % i (=54

24 (W] Ehes) | BGE | mapEa | B0 | 2@ [ b
pl | 150 30 w | ey | e | oy | A
p2 | 150 30 FE | & | A A g
p3 | 150 30 Fe | &vh | AR | N Ay
p4 | 150 30 FE L & | A A g
p5s | 150 30 FE | &b | B A B
p6 | 150 30 wE &b | A Ay A
p7 | 150 30 S A S A
p8 | 150 30 ] &b | wE | AN Ay
p9 | 150 30 FE | ®OND | A Ry A

% 4-5. 4383 [45,/02/45,/02/45,/455/0,/05/02/05/02/0,]s A et £ A N (n=7)

] T(Kg) Q(Kg-cm) | KT 10*KQ | ETA
0.6 2.945 11.513 0.369 0.723 0.488
0.7 2.646 10.604 0.332 0.666 0.556
0.8 2.231 9.487 0.280 0.596 0.598
0.889 2.016 8.614 0.253 0.541 0.662
1.0 1.601 7.850 0.201 0.493 0.649
1.1 1.217 6.776 0.153 0.425 0.628
AKQo.6-Jo.s89) 0.182

e 4-6. 4383[45,/0,/45,/05/452/452/0,/02/02/0,/02/0]s fitv /e

R (n=13)

J T(Kg) Q(Kg-cm) | KT 10 * KQ ETA

0.6 10.080 39.092 0.367 0.711 0.493
0.7 8.973 36.241 0.327 0.659 0.552
0.8 7.848 32.845 0.286 0.598 0.609
0.889 6.808 28.730 0.278 0.523 0.671
1.0 5.631 24.748 0.205 0.450 0.724
1.1 4.330 20.589 0.158 0.375 0.736
/AKQ(Jo.6-Jo.889) 0.188
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% 4-7. 4498 [452/902/45,/455/45,/455/02/02/02/02/02/45, ] A e E ] A (n=7)

J T(Kg) Q(Kg-cm) | KT 10*KQ | ETA
0.6 2.847 11.600 0.357 0.728 0.468
0.7 2.502 10.613 0.314 0.666 0.525
0.8 2.221 9.560 0.279 0.600 0.591
0.889 1.924 8.601 0.241 0.540 0.633
1.0 1.530 7.420 0.192 0.466 0.656
1.1 1.241 6.282 0.156 0.394 0.691
AKQUo.6-Jo.589) 0.188
e 4-8. 4498 [452/90,/45,/45/45,/45,/02/05/02/02/0,/45,]s A e+ HE]RF N (n=13)

J T(Kg) Q(Kg-cm) | KT 10 * KQ ETA
0.6 9.819 39.725 0.357 0.723 0.472
0.7 8.858 36.027 0.322 0.656 0.548
0.8 7.908 32.496 0.288 0.591 0.620
0.889 6.893 29.132 10.251 0.530 0.670
1.0 5.466 24.905 0.199 0.453 0.699
1.1 4.479 21.230 0.163 0.386 0.739
/AKQ(Jo.6-Jo.889) 0.193
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