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Abstract

Traditional propellers are made of high-stiffness metal material. They deform only slightly and
are usually designed to work at a constant speed, operating at reduced efficiency at other speeds.
This project designs a composite propeller that operates over a wider range of speeds. The
deformation of propeller is determined by arranging the stacking sequence to produce propellers
that are more efficient than those made of metal. Interest in the application of genetic algorithms
(GA) to the stacking sequence of composite |laminates has grown in recent years. However, the huge
calculation time of GA is a magjor problem for designers. In this project, a local improvement is
inserted into a standard GA, and the real calculation, by finite element analysis (FEA) for example,
required in the local search is replaced by a regression model. Accordingly, the improved GA
converges much sooner than a standard GA and the calculation time is greatly reduced. The
regression analysis applies chosen trigonometric functions as base functions, and estimates
objective function values accurately using only few sample points. The GA with local improvement
is then applied to the composite propeller, and the amount of calculation is reduced by over half.

In the optimization of composite propeller, the optimal stacking sequence sought by the GA
does not outperform a metal propeller, and a pre-deformed design is then used to solve this problem.
A smallest pitch stacking sequence is obtained using a GA first, and then the propeller is displaced
in the opposite direction to form a pre-deformed propeller. The pre-deformed propeller finally meets
the demands of optimization and outperforms the traditional metal propeller. Finally, an experiment
is made to verify the result of calculation. The characteristics and the deformation of the propeller is
found to be concord with the result of the integrated calculation in this study. The pitch of the
propeller is reduced when the axial inflow velocity is reduced. The propeller outperforms traditional

metal propellers.
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2-1 DTNSRDC 4498 [32]
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
C
h
0
r Camb Thickn
Pitch Rake Skew d er ess
r'R P/D Rake/D Degree C/D | Camber/Ci | Thickness/D
0.2 1.566 0. 0.| 0174 0.0402 0.0434
0.25 1.539 0. 4.647 | 0.202 0.0408 0.0396
0.3 1512 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. 27991 | 0.312 0.0342 0.0240
0.6 1.296 0. 36.770 | 0.337 0.0281 0.0191
0.7 1.198 0. 45453 | 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
2-2 (graphite-epoxy)
i Fi=Li2n10% o
YO‘(Jt?g;]Ss\/rre'?se‘;' ue E, =105 x 10° Pa

Shear modulus

G, =8.4x10°Pa

Poisson’sratio

0.32

Ply thickness

t=1.55x 10%m
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Fop = 1 - 10K (3-11)

[0,/45,/45,/05/05/05/05/05/0,/0,/0,/45;)] Ko  0.03757
[45,/45,/0/05/0/05/05/05/0,/0,/0,/45,] Ko 0.03772  [45/05/45,/05/0,/0,/0,/04/0/04/04/45,]
Ko 0.03773
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Data in the error range (%)
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The best fitness of the generation
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The best fitness of the generation
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The best fitness of the generation

60

[«B]
£ @ nlocal=10
S 40 I M nlocal=5
=
c D —_
£ 230 [ nlocal=2
3 8
5 T 20
i<
D
© 10
: N: aR0CIR GRE AR sl ol
0
<1 1~2  2-3 3~4  4-5 56  6~7 >7
Error range (%)
3-27
0.64 —
0.6 — rmr’
|
0.56 —
4 runs with local improvement ‘
0.52 — 4 runs without local improvement
R L L I BRI B
50 100 150 200 250
Generations
3-28 Ko




3-1. Kevlar/Epoxy

Young's modulus
(longitudinal)

E,=7.6x10°Pa

Young's modulus
(transverse)

E,=55x 10° Pa

Shear modulus

Gy, =23x10°Pa

Poisson’sratio 0.34
Ply thickness t=2.8x10%m
3-2
20
12
24
0.06
0.9
1
33
Case Runl Run2 Run3 Run4 Average
nlocal =2 22 28 25 42 29.25
nlocal =5 31 28 10 21 225
nloca =10 22 37 32 21 28
No local improvement 68 105 55 58 715
34
Case Runl Run2 Run3 Run4 Average
nlocal =5 25 47 28 26 315
nloca =10 35 73 53 29 47.5
No local improvement 202 225 116 122 166.25
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MEP
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FRP

DTNSRDC 4498 J= 0889
Kq = 0.05204 J=06
Ko  0.07311
FRP FRP
0.05204
1. J=0889  Kgq 0.05204

2. J=06  Kg 0.05204



fo =C (Wl(K L8 -k Q0.889) N WZ‘K O 0_052040

K  J=06
K% J=0.889

C=01 w;=10 w,=10.0

Ko 0-K 2% Ko %%-0.05204

4-2
[902/-45,/90,/0//45,1-455/05/90 /0,/90,/0,/905] ¢
0.077165 [02/90,/90,/-45,//05/-45,/0/0,/90,/90,/0,/45,]

0.077020

(4-1)



-45 0 90

90 -45

0.05204

0.075

45 2-2 45

45
45
4-3
J=0.889

J=0.6

K Q0889

4-4 Ko

[45,/0,/45,/45,//0,/0,/0/0,/0,/0,/ 45,145, s K™

4-4

4-5

r/R=0.257, 0.333,

0.410, 0.486, 0.562, 0.638, 0.714, 0.790, 0.867 0.943

leading edge trailing edge



4-1
105/905/05/905)] 30889 J=06
2-1
[45,/0/ 45,/ 45,//04/04/04/04/04/04/45,/45,] ¢
J 06

FRP

4-2

0.6

J=0.889

[90,/-45,/90,/0,//45,/-45,/0,/90;

J 0.889

4-3 4-4

J 06



o) =C— (K Qo.e _K Q0.889) (4-2)

[45,/02/452/45,//05/02/02/05/0/02/452/455] s 4-7

45 0

J=0.889
1 3
4 6 [45,/0,/45,/45,/102/02/0,/0,/0,/0,/45,/45,) s
P/D
7 9 predeform1l  Predeform 1

10 12



0.04509

predeform 1 predeform 2
predeform 3
predeform 3
4-8
[45,/02/45,/45,/105/0/02/05/ 02/ 02/ 45,/45,] s J=0.889
J=0.889
4-9
20 20 3.55

[45,/90,/ 45,/ 45,/ 45,/ 45,/ 02/05/ 02/ 02/05/45;]
0 45 4-6

4-10

DTNSRDC Propeller 4496  4497[32]
DTNSRDC Propeller 4497 4-7
DTNSRDC Propeller 4498 4498

72 4497 36



[02/452/902/452/ 45,/ 45,/ 45,/ 45,/ 45,/ 45,/ 45,/ 45;) 45

4-11
DTNSRDC Propeller 4496 4-8 DTNSRDC
Propeller 4498 4496
[02/452/90,/90,/ 45,/ 45,145,/ 45,/ -45,/90,/90,/905] s 90
4-12
4496 4497
FRP
DTNSRDC Propeller 4383 4498
4383 4383 4498
4383 4-9 4383 [45,/45,/45,/02/ 45,/ 02/02/ 02/ 45,/ 45,/ 45,/-45;)
0 45 4-13 4-11
4-11 Ko J=0889 J=06 Kg
4-11 4498 4383
4383 Ka
4498
4382 4497 4382
4-10 4382 [45/45,/ 45,/ 45,1 45,/ 45,/ 45,/ 45,1 45,/ 45,/ 45,/90)]
4-14 4-12

45



4382

4383 4383 4498
20 20

3.55 4383 [02/02/05/02/02/00/ 45,/ 45,/ 45,/ 45,/ 02/45;] S



The best fitness of the generation

4-1 [34]
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10KQ

0.75

. —e— original design
0.7 — —A— optima sequence
[90,/-45,/90,/0,/45,/-45,/0,/90,/0,/90,/0,/90,].
0.65 —
0.6 —
0.55 —
0.6 0.7 0.8 0.9
J
4-3
0.8 - :
—@— original design
—A— optima sequence
07 — —&— [45,/0,/45,/45,/0,/0,/0,/0,/0,/0,/45,/45 ]
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0.5 —
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Pressure Distribution
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10KQ

10KQ

0.8 — 4

0.5 —

0.4 —

—&— no deflection

—&— original geometry
[45,/0,/45/45,/0,/0,/0,/0,/0,/0,/45,/45,]
—>— predeformed
45,,/0,/45/45,/0,/0,/0,/0,/0,/0,/45,/45,]
\[ 2'V2 20 M2l Mt Ml Ml Ml M2 2 2] Y,

0.3

0.75

0.6

0.55

0.5

0.6 0.7 0.8 0.9

e ~N
—e— no deflection

—A— original geometry
[90,/-45,/90,/0,/45,,/-45,/0,/90,/0,/90,/0,/90,].

—>— predeformed
[45,/0,/45/45,]0,/0,/0,/0,/0,/0,/45,/45,],
\

0.6 0.7 0.8 0.9



10KQ

0.8 —

L,

0.7

0.5 —

~ ™~
—@— no deflection

—&@— original geometry
[45,/90,/45,/45,/45,/45,]0,/0,/0,/0,/0,/45,].

—>X— predeformed
L [452/902/452/452/452/452/02/02/02/02/02/452]5/

0.4

0.6

4-10

0.8 —

10KQ
o
(o))
I

0.4

0.7 0.8 0.9
J
D =20cm
. —@— no deflection
—4&@— original geometry
[0,/45,/90,/45.,/45,/45,/45,/45,,/45,/45,/45,/45,]
' I ' I ' I
0.6 0.7 0.8 0.9
J

4-11 DTNSRDC 4497



10KQ

0.8 —
—&— no deflection
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0.7 —
o
X .
o
—
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J
4-12 DTNSRDC 4496
0.8 — .
—e— no deflection
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_ [45,/0,/45/45,]0,/0,/0,/0,/0,/0,/45,/45,)
0.7 —
0.6 —
0.6 0.7 0.8 0.9

4-13 DTNSRDC 4383



0.75

—@—— original design

—B— optima design with predeformed
[45,/45,/45,/45,/45,/45,/45,/45,/45,/45,/45,/90]

s

0.7 —

0.65 —

10KQ
1

0.6 —

0.55 —

0.5 T

0.6

0.7

4-14. DTNSRDCA4382

4-1 [90,/-45,/902/0//45,/-452/02/90, /02/90,/02/90,] s J=0.889

R/RO P/D RAKE/D [ SKEW
0.2 1.579 0.000 -0.018
0.25 1.562 -0.002 4.760
0.3 1.541 -0.004 9.653
04 1.489 -0.006 | 19.498
0.5 1.415 -0.008 [ 28.902
0.6 1.322 -0.009 [ 37.862
0.7 1.220 -0.010 | 46.703
0.8 1.108 -0.010 | 55.689
0.9 0.989 -0.008 | 64.817
0.95 0.934 -0.008 | 69.435
1 0.885 -0.009 | 74.271

0.9



4-2 [90,/-452/902/0//45,/-452/05/90, /02/90,/02/90;] s

4-3 [45,/04/45,/145,/105/05/02/02/05/ 02/ 45,/145,] s

J=0.6
HR PD |RAKE/D| SKEW
0.2 1585 | 0.000 | -0.018
025 | 1573 | -0003 | 4784
0.3 1556 | -0.005 | 9.805
0.4 1504 | -0.009 | 19.800
0.5 1430 | -0.012 | 29.302
0.6 1338 | -0014 | 38340
0.7 1235 | -0.015 | 47.255
0.8 1122 | -0.015 | 56.333
0.9 0999 | -0014 | 65599
095 | 0940 | -0.013 | 70.323
1 0890 | -0014 | 75.371
J=0.889
R/IRO PD |RAKE/D| SKEW
0.2 1576 | 0000 | -0.018
025 | 1555 | -0.001 | 4.740
0.3 1531 | -0.003 | 9.562
0.4 1469 | -0.005 | 19.357
0.5 1381 | -0.005 | 28.764
0.6 1270 | -0.005 | 37.723
0.7 1142 | -0.002 | 46.542
0.8 0999 | 0003 | 55.466
0.9 0838 | 0013 | 64.489
095 | 0747 | 0021 | 69.046
1 0631 | 0034 | 73.955




4-4 [ 45,/0,/45,/ 45,1/0,/0/05/0,/0,/0,/ 45,/ 45,] J=0.6
RRO | PD |RAKED| SKEw
02 | 1581 | 0000 | -0.018
025 | 1564 | -0002 | 4767
03 | 1541 | -0004 | 9.689
04 | 1476 | -0007 | 19.622
05 | 1.383 | -0008 | 29131
06 | 1264 | -0007 | 38.165
07 | 1128 | -0004 | 47.039
08 | 0974 | 0003 | 56.022
09 | 0802 | 0014 | 65135
095 | 0705 | 0023 | 69.773
1 0584 | 0036 | 74.910




4-5

'R 0.2/ 0.25 0.3 0.4 0.5 06, 07 08 0.9 0.95 1]KQO0889|KQO6 |dKQ
1 |original P/ID 1566 1.539] 1.512| 1.459 1.386| 1.296| 1.198 1.096| 0.996| 0.945| 0.895| 0.05204/0.07311| 0.02107
2 rake/D 0 0 0 0 0 0 0 0 0 0 0
3 skew 0| 4.647] 9.293| 18.816|27.991 36.77|45.453|54.245| 63.102|67.531 72
4 |deflected |P/D 1.57615| 1.555| 1.5308| 1.46905| 1.3813|1.26975|1.1423|0.9986|0.83825| 0.7471| 0.6309| 0.03829|0.05449| 0.0162
5 rake/D | 0.0001| -0.001| -0.0027| -0.0045|-0.0052|-0.0046| -0.002|0.0032| 0.013| 0.0209| 0.0337
6 skew | -0.0176|4.7395| 9.56175| 19.3566| 28.764|37.7233|46.542|55.466|64.4891| 69.046| 73.955
7 |predeform 1|P/D 1.5567| 1.5191| 1.4924| 1.4494| 1.3935| 1.3287|1.2667|1.2147| 1.1846] 1.181| 1.1949
8 rake/D | 0.0001|0.0015] 0.003| 0.0048| 0.0056| 0.0048|0.0018| -0.004|-0.0154|-0.0243|-0.0362
9 skew | -0.0176|4.5508| 8.9989| 18.2143| 27.15|35.7397|44.262|52.893|61.5509| 65.827| 69.92
10 |deflected |P/D 1.5672| 1.5393| 1.5152| 1.4596| 1.3843| 1.2902|1.1874/1.0767| 0.9642| 0.909| 0.85| 0.04509|0.06163| 0.01654
11 rake/D | 0.0001|-1E-04| -0.0004| -0.0009| -0.001| -0.001|-7E-04|0.0003| 0.002| 0.0027 0.0036
12 skew -0.016| 4.6603| 9.3537| 18.9297| 28.158|36.9897|45.701(54.525|63.4147| 67.857| 72.438
13 |predeform 2|P/D 1.55025| 1.5087| 1.4778| 1.4437| 1.3998|1.35375| 1.317| 1.303| 1.3266] 1.353| 1.4124
14 rake/D 0] 0.0024| 0.0051| 0.00855| 0.0099| 0.0087|0.0038| -0.007{-0.0261{-0.0405|-0.0597
15 skew | -0.0024|4.4828| 8.7608| 17.7429| 26.479| 34.895|43.295|51.798|60.3063| 64.485| 68.224
16 |deflected |P/D 1.5599| 1.5297| 1.50105| 1.4537| 1.3887|1.30925|1.2242|1.1388|1.05885| 1.0209| 0.9949| 0.05022| 0.06757| 0.01735
17 rake/D 0] 0.0007| 0.0015| 0.0025| 0.0029|0.00245|0.0012| -0.001|-0.0049|-0.0075|-0.0117
18 skew | -0.0036| 4.6151| 9.15985| 18.5183| 27.572|36.2667|44.892|53.627|62.4163| 66.772| 70.952
19 |predeform 3|P/D 1.55249| 1.5096| 1.47945| 1.445| 1.4016| 1.3583|1.3279|1.3259(1.37085| 1.41| 1.4795
20 rake/D 0] 0.0025| 0.00504| 0.00847| 0.0099|0.00875| 0.0036| -0.008-0.0298|-0.0462|-0.0672
21 skew | 0.00168| 4.4617| 8.73433| 17.7304| 26.46|34.8497|43.216|51.684| 60.148| 64.329| 68.181
22 |deflected |P/D 1.56155| 1.531|1.50345| 1.4595| 1.3905| 1.314|1.2354|1.1607| 1.097|1.0674|1.0441 0.05189|0.06967| 0.01778
23 rake/D 0/ 0.0007| 0.0013| 0.0022| 0.0026| 0.0022|0.0007| -0.003(-0.0084|-0.0125|-0.0171
24 skew -0.007| 4.603| 9.1523| 18.5105| 27.596|36.2649|44.874|53.584(62.3531| 66.716| 70.994




4-6 20
r'R 02| 025 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95 1/KQ0889 [KQ06 |dKQ
1 |origina P/D 1.566] 1.539] 1.512| 1.459 1.386] 1.296] 1.198] 1.096] 0.996] 0.945 0.895| 0.05204| 0.07311] 0.02107
2 rake/D 0 0 0 0 0 0 0 0 0 0 0
3 skew 0| 4.647] 9.293| 18.816| 27.991| 36.77| 45.453| 54.245| 63.102| 67.531 72
4 |deflected |PID 1.5728| 1.5487| 1.5209| 1.465| 1.3854] 1.2853| 1.173]1.0499 0.9208| 0.8516| 0.7708| 0.04555|0.064055| 0.018505
5 rake/D 0.0002| -6E-04| -0.0014/ -0.0022|-0.0027| -0.0024| -0.001]| 0.0012| 0.0059| 0.0094| 0.0156
6 skew -0.0347| 4.6798] 9.4457| 19.0734| 28.371| 37.2367| 46.006| 54.864| 63.8104| 68.313| 72.967
7 |predeform 1 |P/D 1.5592| 1.5293| 1.5031| 1.453| 1.3866| 1.3067| 1.223|1.1421) 1.0712| 1.0384| 1.0192
8 rake/D | -0.0002| 0.0006| 0.0014| 0.0022| 0.0027| 0.0024| 0.0013| -0.001| -0.0059| -0.0094| -0.0156
9 skew 0.0347| 4.6142| 9.1403| 18.5586| 27.611| 36.3033| 44.9| 53.627| 62.3936| 66.749| 71.033
10 |deflected |PID 1.565| 1.5398| 1.5135| 1.4589| 1.3852] 1.294|1.1953| 1.0907| 0.9876| 0.9363| 0.8882| 0.04898|0.068165| 0.019185
11 rake/D | -0.0002| -1E-04| -0.0001| -0.0003|-0.0002| -0.0003| -3E-04 0] 0.0003| 0.0003| -0.0004
12 skew 0.0295| 4.6488| 9.2947| 18.8579| 28.035| 36.8398| 45.511| 54.328| 63.1975| 67.627| 72.092
13 |predeform 2 |P/D 1.5602| 1.5285| 1.5016| 1.4531| 1.3874| 1.3087| 1.2257| 1.1474| 1.0796] 1.0471] 1.026
14 rake/D 0/ 0.0007| 0.0015 0.0025| 0.0029| 0.0027| 0.0016| -0.001| -0.0062| -0.0097| -0.0152
15 skew 0.0052| 4.6124| 9.1386| 18.5167| 27.567| 36.2335| 44.842| 53.544| 62.2981| 66.653| 70.942
16 |deflected |PID 1.5674( 1.5398| 1.5121| 1.4589| 1.3859| 1.2956|1.1965| 1.0943] 0.9928| 0.9395| 0.8876| 0.04966|0.068725| 0.019065
17 rake/D 0.0002 0/ -0.0001| -0.0001|-0.0001] -0.0001| 0.0001| 0.0001] 0.0003| 0.0008| 0.0011
18 skew -0.0304| 4.649] 9.307| 18.8334| 28.007| 36.7828| 45.467| 54.265| 63.1185| 67.551] 72.023
19 |predeform 3 |P/D 1.5637| 1.5257]1.49635| 1.45345| 1.3902| 1.3157|1.2352] 1.166| 1.109| 1.0776| 1.0498
20 rake/D 0.0007| 0.0011)0.00185| 0.00355| 0.0036| 0.00375| 0.0027| -0.001| -0.0073| -0.0108| -0.0138
21 skew -0.0981| 4.6061|9.13265| 18.3701| 27.414| 35.9892| 44.637| 53.254| 61.9639| 66.316| 70.62
22 |deflected |P/D 1.57085| 1.5361|1.50645| 1.45895| 1.3897| 1.30435| 1.2095| 1.1181| 1.03155| 0.9827| 0.9298 0.051] 0.07037| 0.01937
23 rake/D 0.0009| 0.0004|0.00035| 0.00105| 0.0007| 0.0009, 0.001] -4E-04| -0.002| -0.0022| -0.0006
24 skew -0.0348| 4.644] 9.2991| 18.681] 27.845| 36.5317| 45.244| 53.953| 62.7714| 67.193| 71.655
25  |predeform 4 |P/D 1.5637| 1.5267]1.49835| 1.45645| 1.3942| 1.3207|1.2412] 1.173] 1.117| 1.0861] 1.0588
26 rake/D 0/ 0.0007| 0.0015 0.0025| 0.0029| 0.0027| 0.0016| -0.001| -0.0062| -0.0097| -0.0152
27 skew 0.0052| 4.6124| 9.1386| 18.5167| 27.567| 36.2335| 44.842| 53.544| 62.2981| 66.653| 70.942
28  |deflected |P/ID 1.5707| 1.5377] 1.5089| 1.4617| 1.3934| 1.30855| 1.2148| 1.124) 1.03265| 0.9802| 0.9161]0.051245|0.070545| 0.0193
29 rake/D 0.0002| -5E-05 0] 0.00005/-0.0001| -0.0001) -1E-04| -3E-04| -5E-05| 0.0006| 0.0025
30 skew -0.0346| 4.6495| 9.3047| 18.8219| 28.001| 36.7777| 45.465| 54.259| 63.1286| 67.557| 71.974




4-7 Characteristics of the DTNSRDC Propeller 4497 [32]

Number of blades 5
Diameter : 0.305m

Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725
Section Meanline: NACA a=0.8
Section Thickness Distribution: NACA 66

Camb Thickn
Pitch Rake Skew Chord er ess

rR 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 1512 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. 13.94 0.312 0.0342 0.0240
8

0.6 1.296 0. 18.37 0.337 0.0281 0.0191
8

0.7 1.198 0. 22.74 0.347 0.0230 0.0146
7

0.8 1.096 0. 27.14 0.334 0.0189 0.0105
5

0.9 0.996 0. 3157 0.280 0.0159 0.0067
5

0.95 0.945 0. 33.78 0.210 0.0168 0.0048
8

1.0 0.895 0. 36.0 0.000 0.0000 0.0029




4-8 Characteristics of the DTNSRDC Propeller 4496 [32]

Number of blades 5
Diameter : 0.305m

Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725
Section Meanline: NACA a=0.8
Section Thickness Distribution: NACA 66

Camb Thickn

Pitch Rake Skew Chord er ess
r'R P/D Rake/D Degree C/ID Camber/Ci | Thickness/D
0.2 1.566 0. 0. 0.174 0.0402 0.0434
0.25 1.539 0. 0. 0.202 0.0408 0.0396
0.3 1512 0. 0. 0.229 0.0407 0.0358
0.4 1.459 0. 0. 0.275 0.0385 0.0294
05 1.386 0. 0. 0.312 0.0342 0.0240
0.6 1.296 0. 0. 0.337 0.0281 0.0191
0.7 1.198 0. 0. 0.347 0.0230 0.0146
0.8 1.096 0. 0. 0.334 0.0189 0.0105
0.9 0.996 0. 0. 0.280 0.0159 0.0067
0.95 0.945 0. 0. 0.210 0.0168 0.0048
1.0 0.895 0. 0. 0.000 0.0000 0.0029




Section Thickness Distribution NACA 66
Design Advance coefficient, JA  0.889

4-9 Characteristics of the DTNSRDC Propeller 4383 [32]
Number of blades, k 5
Diameter 0.305m
Hub-Diameter Ratio
Expanded Area Ratio
Section Meanline N

0.2
0.725
ACA a=0.8

r'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




4-10. Characteristics of the DTNSRDC Propeller 4382 [32]

Number of blades 5

Diameter : 0.305m

Hub-Diameter Ratio: 0.2

Expanded Area Ratio: 0.725

Section Meanline: NACA a=0.8

Section Thickness Distribution: NACA 66

r'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 1512 0.0185 4655 | 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 31.575| 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




4-11. DTNSRDC-4498

DTNSRDC-4383

KQ
Propeller 4498 4498 4383 4383
J=0.889 0.05189 0.05204 0.05061 0.05060
J=0.6 0.06967 0.07311 0.06706 0.07196
KQ 0.01778 0.02107 0.01644 0.02136
KQ 0.00492
4-12. DTNSRDC-4497 DTNSRDC-4382
KQ
Propeller 4497 4497 4382 4382
J=0.889 0.04914 0.04964 0.05169 0.05212
J=06 0.07148 0.07212 0.07246 0.07414
KQ 0.02234 0.02248 0.02077 0.02202
KQ 0.00125
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5-1. DTNSRDC-4498

5-2. DTNSRDC-4383






5-5. DTNSRDC-4498

5-6. DTNSRDC-4383



5-8.



5-10.



5-11. DTNSRDC-4498

5-12. DTNSRDC-4383
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section A:

5-15.

5-16.



5-17.



5-18.

5-19.



KT,10KQ,ETA

8 7] predeformed propeller, n=7

[0,/0,/0,/0,/0,/0,/45,/45,/0,/45,/0,/45,],

0.6 —

0.4 —

0.2 —

5-20. 4383 (n=7)



KT,10KQ,ETA

KT,10KQ

0.8 —

0.6 —

0.4 —

%27 —a— KT
—e— 10KQ

- —%— ETA
0 l T l T l T I
0.6 0.8 1 1.2
J
5-21. 4383 (n=13)
0.8 —
predeformed propeller, n=7
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,],

0.6 —

0.4 —

0.2 —
—&— KT
—&— 10KQ

] —%— ETA
0 l T l T T I
0.6 0.8 1 1.2
J
5-22. 4498 (n=7)



KT,10KQ,ETA

KT,10KQ,ETA

0.8 —

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

0.6 —f

0.4 —f

0.2 —f

—A—— KT
—&— 10KQ
7] —X%— ETA
° | ' | ' | '
0.6 0.8 1
J
5-23. 4498 (n=13)
0.8 —
predeformed propeller, n =7
[45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,],
0.6 —
0.4 —f
02— | —a—— KT from experiment
——6o—— KQ from experiment
| | —&—— KT from calculation
—@—— KQ from calculation
0 T l T l T l T

0.4 0.6 0.8 1

5-24. 4383 (n=7)



KT,10KQ,ETA

KT, 10KQ

0.8 —

predeformed propeller, n = 13
i [45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,],
0.6 —
0.4 —
0.2 —
—4A—— KT from experiment
——&&——  KQ from experiment
- ——A—— KT from calculation
——@—— KQ from calculation
° | ' | ' | ' |
0.6 0.8 1 1.2
J
5-25. 4383 (n=13)
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 from experiment
——6c—— KQ from expeiment
- | —~—— KT from calculation
—8—— KQ from calculation
0 T T T T 1
0.6 0.8 1 1.2
J
5-26. 4498 (n=7)



KT, 10KQ

predeformed propeller, n = 13
| [45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,]
0.6 —
0.4 —
0.2 —
—=—— KT from experiment
——oc—— KQ from experiment
7] | —&—— KT from calculation
—@—— KQ from calculation
L
0.6 0.8 1 1.2
J
5-27. 4498 (n=13)
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10KQ

KT,10KQ

0.75 —

0.65 —

0.6 —

0.55 —

predeformed propeller, calculated
[45,/0,/45,/0,/45,/45,/0,/0,/0,/0,/0,/0,]5

—A—— n=7
—+H— n=13
—O6—— n =20 (design point)

0.5

0.6

5-29.

0.8 —

0.7 —

0.6 —

0.5 —

0.4 —

0.7 0.8 0.9

4383 KQ

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

[

—A—— KQ(n=7)
—e— KQ(n=13)

0.3

5-30.

0.6 0.8 1 1.2

4383 KQ



10KQ

10KQ

0.8 —

0.7 —

0.6 —

0.5 —

0.4 —

predeformed propeller
[45,/90,/45,/45,/45,/45,/0,/0,/0,/0,/0,/45,]

0.3

5-31.

0.76 —

0.72

0.6 —

0.56 —

4498 KQ

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

0.52

0.6

0.7 0.8 0.9



5-32.4383 4498 KQ (n=7)

0.75 —
—A—— 4383 optima design
—@—— 4498 optima design
0.7 —
0.65 —
o
¥
o
-
0.6 —
0.55 —
0 ' | ' | ' |
0.6 0.7 0.8 0.9
J

5-33.4383 4498 KQ (n=13)




5-35.

DTNSRDC-4383n=7
J =06 [45/0/45/0/45M45/0/0/0/0/0/0fs

i

calculated dx = 0.554

"

5-36. 4383 n=7rps



DTNSRDC-4383 [45/0/45/0/456/4 5/0/0/0/0/0/0)e
J=06 n=13ps

dx = 93 pix = 1.818mm
calculaied dx = 1. B83mm

5-37. 4383 n=13rps

DTNSRDC-4498 n =7 rps
J =06 [45/90/45/45/45/45/0/0/0/0/0/45]s

dx = [8pix = 0. 371mm
calculated dx 0029 1 mm

5-38. 4498 n=7rps



J = 0.8 [45/90/45/45/45/45/0/0/0/0/0/45]s

— 20

dx = 39pix = 0.B03mm
calculated dx = 0.B81mm

5-39. 4498 n=13rps

5-1. DTNSRDC-4498
Number of blades 5
Diameter : 0.305m
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'R P/D Rake/D Degree C/D Camber/Ci | Thickness/D
0.2 1571 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 45.465 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




5-2. DTNSRDC-4383
Number of blade, K : 5
Hub-Diameter Ratio : 0.2
Expanded Arearatio : 0.725
Section Meanline :NACAa=0.8
Section Thickness Distribution : NACA 66 (Modified)

Pitch Rake Skew Chord Camber Thickness

r'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




5-3. DTNSRDC-4498

(psi)
pl 150 30
p2 150 30
p3 150 30
p4 150 30
p5 150 30
p6 150 30
p7 150 30
p8 150 30
p9 150 30
pl0 | 150 30
5-4. DTNSRDC-4383
(psi)
pl 150 30
p2 150 30
p3 150 30
p4 150 30
p5 150 30
p6 150 30
p7 150 30
P8 150 30
p9 150 30

5-5. 4383 [45,/0,/45,/04/45,/45,/0,/0,/05/0,/05/03] s (n=7)
J T(Kg) Q(Kgem) | 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

10 1.601 7.850 0.201 0.493 0.649

1.1 1.217 6.776 0.153 0.425 0.628

KQ(Jo.6-Jo.s89) 0.182




5-6. 4383[45,/0,/45,/0,/45,145,/0,/04/0,/0,/0,/05] s (n=13)
J T(Kg) Q(Kg-ecm) | 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
KQ(Jo.6-Jo.ss9) 0.188
5-7. 4498 [45,/90,/45,/ 45,/ 45,145,105/ 02/0,/04/0,/455] s (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
KQ(Jo.6-Jo.ss9) 0.188
5-8. 4498 [45,/90,/ 45,/ 45,/ 45,/ 45,/ 0/02/05/0,/05/455] s (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 0.251 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
KQ(Jo.6-Jo.889) 0.193
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