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Investigations into the Speed Measurement and
Improvement of Accuracy in Powering of Full Ships

SR 107 Committee

The accurate prediction and full scale measurement of speed and power of ships are very important
problems for ship builders and ship operators. The recent trend of remarkable increase in size and fullness of
ships has laid emphasis on the urgent solution of these problems.

This report deals with investigations both into the method of measuring directly and accurately the ship’s
speed through water, and into the ship-model correlation method which is necessary for the prediction of power
of ships.

In the first place, various types of speedometer were tested and the electro-magnetic type and the ultra-sonic
type (Doppler Sonar) were chosen as proper devices. Next, velocity distributions were measured on a full ship
model in order to find out proper positions for the apparatus to be attached.

At the full scale measurements on an ore-oil carrier of length 285 metres and 168,000 tons D. W, an
electromagnetic type speedometer was fitted at square station 6 on the bottom and a Doppler Sonar type on the
upper part of the bulb at the stem. The positions of both instruments were decided after theoretical calculations,
model tests and practical considerations.

Velocity distributions inside the boundary layer at Sq. St. 6 were measured by means of changing the
distance of the sensor from the ship’s bottom. The speed of water particles located about 50 metres ahead of the
ship was measured at the same time. '

The model tests were carried out with current-meters fitted at corresponding positions. The results of
these experiments have given the ship-model correlation data for the flow velocity around the ship.

Research works concerning the improvement of power prediction consist of model tests and full-scale
measurements of an ore carrier of length 302 metres and 160,000 tons D. W,

Resistance tests, self-propulsion tests, propeller open tests, wave analyses, Pitot traverse measurements,
streamline observations, and measurements of wake distributions at and shortly before the propeller disc were
carried out on geometrically similar models of lengths 2m, 4m, 8m and 12m. The propeller open test and
self-propulsion test were omitted in the case of 2m model, while streamline observation was not carried out in the
case of larger models.

Standardized trial analysis and full-scale measurements of the wake distribution shortly before the propeller
disc were carried out on the actual ship.

As a consequence, useful indications toward better ship-model correlation method have been obtained from
the analysis of experiments on model and actual ships.

Principal conclusions deduced from these investigations are as follows;

1. The thickness of the boundary layer becomes smaller at the centre line of the ship’s bottom.

2. Proper position for the electro-magnetic type speedometer falls between Sq. St. 7 and the midship.
Ratio of the relative thickness of the boundary layers between the ship and the model is approximately
proportional to the ratio of the frictional resistance coefficient.

4.  Correction factors for the Doppler Sonar type speedometer can be easily determined by the model tests.
Each type of speedometer can be used in practice if a small improvement is made to eliminate errors.

6.  The three-dimensional extrapolator is necessary for the full form ships. Hughes’ method is useful in the

case of full load condition, but further consideration is needed in the case of ballast condition.



7.  The relative rotative efficiency and the thrust deduction coefficient are nearly constant and independent of
model size, while, on the other hand, a remarkable scale effect appears in the wake fraction.

8. Difference in the wave resistance coefficients between the results of resistance tests and those of wave
analysis is greater at the ballast condition than at the full load condition. A

9. Wave resistance coefficients obtained from the wave analysis increase with the model size.

10. Head loss measured by means of Pitot traverse method has a similar tendency among different model sizes
and different loading conditions. Non-dimensional value of head loss decreases as the model size increases.

11. The wake distribution shortly before the propeller disc of the actual ship has been determined by means
of the S hole Pitot tubes successfully.

12. Thickness of the wake seems to be approximately proportional to the frictional resistance coefficient, and
the width of the wake belt of the actual ship is much smaller than that of the model.

13. The smaller the models, the greater the scale of trailing vortices. In the case of actual ships, the vortices
have smaller scale but higher intensity than those of models. This fact seems to imply that the circulation

is almost unchanged between the ship and the models.
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Table 414

Bffact . of

Stoeel

Bottom on

Indicated Value

0F Spaesed

§ A ; B c |
I i = _\
- N 57
e 1500 2.25(0 3000 ()
Y .
y\l/”}L/ "
0 1.22 177 227 50| 948 0
10 190 2.78 364 100|256 15
26| 230 357 453 462 1511958 34
30 | 250 381 510 510 1203 961 61
45 | 270 4.05 544 544 1257|961 963 86
60 270 410 5.40 554|382 263 | 101
751 270 | 410 410 555 P
90 | 268 406 | 560 P T
120 | ' o 560 P - /
150 | 272 410 5.6 1 P P 0571
Sy R e 6) (€)D BG AR
200 2.7 4 4,10 5.63 e T o T fiti % 773
300 | 274 408 | 564 P I el l
/ = ) P = =
400 2.74 408 5.6 4 A e |
Table 415 Direction Characteristics Tabledléd Residual Current
vy | oo | 0 v . R | knkolE )
(mm) | (g () | (n8) 1 = (n/s) (m/g) 1!m &
200 | 960 0 5000 | 1) ¢ @ i, 1.500 1503 1) WO KEL KEn
; BEEEOHOA ERbh a8
200 | 959 4.8 5000 f= o 2.000 2.000 s BB I©
— Op . HEFEEZD 1T% o BT 3
200 | 260 | —a8 5000 2500 2,487 e =
5000 2985
Tabledl/7 XResults of Salibration of Electromaegnetic
Speedometer
v 0p(Kn) . 4
/S — Il 7
i (m ) P T2 P
0500 {0.87 0.91 0.92 090
1000177 1.81 185 179 | SREmEe
1500 274 275 | Pi=06053
2000 | 364 364 365 | 370 361 | P2=06056
2500 459 457 | Ps3=06064
3000 | 558 562 562 | 573 5.60
3500 6.67
4000|7262 767 778 7.6 6
5000 9.45 9.81 965
4000 1164 1179 | 1164
7000 13.62 1377 | 13653
8000 15.60
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Tabled 2.2 Feho Level in Towing Tank, Water
I -
(ms) iz) 213 (m) mEv-ie (dB)
1 2.75 43
5 375 40
10 7250 28
Tabled23 Echo ILevel in Towing Tank, with Clay and Alum
% 0 Cins ) fiE Vi (m) AL~ (aB)
10 7250 34
20 15400 28
30 2250 24
40 3000 26
Table 42.4 Water TemPerature (C)
T KR ROME . 0
7K EE(m) <-_»(T), > 17 50
0 1720 16,5 170
2 14.0 14.0 14.0
4 12.0 120 125
6 120 120 120
8 120 120 120
Tabvle 42.5 Results of Measuremcnt of Residual Current, near Water

. —— R i e b BRI BT HE

A W i - Ak BE 5 3 v T 5 L

I/L'; lﬁiﬁ\_ﬁi(m/u) X /}\M:J?A( m/s ) 5'3(?)IL§,LJ£ ( ns ) Bl'j I—@J}EL’L ( s )
2000 1.982 —0.018 5000
2000 0.988 —0012 2000

Surface




Table 42.6

Results

Towing Tank

of Calibration of

Doprler

Sonar Speadone ter in

N YTy

: i v TR | Lit
(m/ s ? (%) f (m)

Tae 05 i 10 59 22.5~375
47 1.0 2.0 1.7 019 24 "
18 1.5 2.9 2.6 0.18 42 p
49 2.0 3.9 5.6 0.20 38 "
50 2.5 4.9 4.5 020 453 "
51 3.0 5.9 5.5 0.19 43 "
52 4.0 7.8 7.4 0.24 35 "

61 ns 1.0 0.9 0.20 71 62.5~675
62 1.0 2.0 1.8 0.30 86 "
63 15 2.9 2.9 016 41 "
64 2.0 59 3.7 014 80 "
65 3.0 5.9 5.6 017 40 "
66 4.0 7.8 7.6 0.18 34 "
67 5.0 9.8 9.6 0.24 25 "

71 5.0 9.8 9.5 0.19 35 575~525
72 2.0 3.9 57 0.15 106 "
73 1.0 2.0 1.7 019 210 "

8 1 1.0 2.0 16 0.15 131 225~375
82 2.0 3.9 55 819 101 "
83 4.0 78 7.5 0.25 43 "
84 6.0 117 114 0.25 21 "

85 1.0 2.0 17 016 104 52.5~675
86 2.0 59 37 016 86 "
87 4.0 7.8 7.6 019 46 "
88 6.0 1.7 116 0.21 24 "

91 0 0 —0.3 0.14 71 2 25~375
92 0 0 -0.3 015 65 37.5~525
93 0 0 —0.2 0.2 1 110 526~675
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26 50 B 99 9951 14 | 0.2—g 0 66 WA - 72 4R3E
27 60 104 10451 14.3 0.5—3 0 66
28 90 1105 1110 142 0.6=3 +0.2 67
80 11.0 11.05
29 100 11.1 11.15] 145 15—F 1.2 0.6—~8 +0.2 67 1 (5)F& ] :14.96 Kn
154 11.7 11.7
30 | 203 120 120 148 14— +0.4 66
294 1235 | 1235
31 514 1320 1320| 145 15-p 1.1 0 +0.5 66
700 1370 | 13.65
32 900 1445 1410 | 145 +0.2 66~
33 1,023 14301 1425 140 0 66
34 6 405 430 1453 1.0—3 +0.2 67
35 13 54 5651 152 1.0—s 0 66
36 19 6.40 6551 14 05— +0.2 66
37 54 970 9751 148 16—~P 1.0 | 05-s 0 66
T:mrj»—s 04 1UZJ 143 14251 142 0 140 | 0.5-g +0.2 67 »
) 52 45 375 400] 152 0 +0.2 68 | (IEUETIRTE . 2 Z =}
54 10 48 515( 138 6—8 150 | 0.4—g +0.2 67 | ()FMART: 50%
55 21 69 7.00| 138 0.4—5 -02 67 |3 1 45 °
56 30 80 810 | 140 0.2—p 0 67.5
57 39 858 8.9 14.1 0.2—P +02 67.5
53 9.8 9.85 '
58 59 1041 10.15 | 138 8¢ 130 04—P 0 67.5
80 1055 | 1040
59 98 11.0 11.05 | 138 0.4—p 0 67:;
156500401 156 1135, 1135 138 55 135 D0.2—8 0 6251 (633 M1 1428Kn
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- o
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| 200 | 135 135
10 300 | 1405| 14001 165 | 10-P 29 0 +02 | 76
‘ 11 500 | 1475] 1445 144 | 5-F 30| 02-P 0 76
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14 5 425 45 168 0.5-p| =02 755
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23 61 11.4 114 156 | 5-50  150] 08-8 0 76
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i 31 55 4151 440 154 0 160 | 04-7 0 75
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a 34 43 0.3 1035 | 155 02-g -02 755
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35 80 | 1175 1175 | 155 0.1-g 0 75
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56 30 9.75 980 | 178 08~P 0 820
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37 50 | 1185 1185 | 175 08-P 0 81
38 60 | 1285 1285 | 173 | 30-P| 25 | 08-p 0 81
39 80 | 1305 | 1505 | 17 08-7 0 815
40 101 1315 1 1315 | 17 | 25-p| 30 | 08-P 0 815
152 | 1390 1 1385
A 41 200 | 1425 1420 | 174 0.8-P 0 81
302 | 1485 1480
42 496 | 1560, 1555, 178 | 35-P| 35 | 1.0-» 0 81
700 | 1650 | 1640 35-P| 35
43 908 | 1700 | 1690 | 163 1.0-P 0 82
44 11023 | 1725 | 1715 38-P| 30 | 02-5 | +021 82
46 | 17.4 + 45-p | 20 | 02-P | +02 82
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7 51 11.5 11.5 )
54 61 | 122 122 175 | 13-g| 17 02-5 81
80 1246 1246 7
55 102 | 130 130 174 | 12-s| 175 0 817”
153 | 1335 | 1335
56 200 | 1380 | 1375 17.4 0 81
300 | 143 1425
57 506 | 1505 | 1500 164 0.2~P 81
712 | 1580 | 1570
58 896 | 1640 | 1630 170 | 10-g8| 18 0.2-7 84
59 | 1,023 | 1665 | 1655 182 a 19 n.2-p 83
200 5846 1,023 | 17.8 17.7 170 | 50-P 15 | 02-p 84 |(DELHEIRIE: <7 X}
2 18- 0 04> 5 42 445 18.4 1.2-P 84 (MM 100%
10 565 5.85 )% M:225°
20 810 820
01 32 | 102 1025 172 | 40-p 1.6 | 04-g 83
40 11.0 11.05
02 50 | 1205 | 1205 175 04-8 83
7 03 60 | 1265 | 1265 174 | 50-P 15 02-P 84
78 | 1315 | 1315
04 100 | 1355 1350 17.4 02-7 83
152 | 1415 | 1410
05 200 | 1460 | 1455| 176 0.2-5 84
302 | 152 15.15
06 | 500 | 1615 1605 17.8 05-8 83
07 700 ¢ 1680 1 1670 175 | 45-P 1.5 1 02-8 83
904 | 1745 | 1735
08 | 1,023 | 17801 1770 17.8 02-1 84
09 176 | 40-Pp 0 0 83
10 : 17.8 30-P 1.0 0.2-0 84
vvvvv 11 ' 182 0.5-5 84
12 w 180 02-5 83
“ 13 : ‘ 18.0 40-7 30 0 ' 8;
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zséé;s(]';%i 5 44 465 | 170 02-P 83 ((OTERATF: 1004
10 55 575 Bt #M: 45°
03 20 78 | 790 17.2 04-P 83
04 31 955 | 1000 | 166 08~ 83
40 1090 | 1095
05 50 | 1145 | 1145 | 174 08-P 83
06 62 | 1225 1225 ] 170 0.6-P 83
80 | 1280 | 1280
07 100 | 1315 | 1315 | 175 0.4-P 83
08 150 1250 | 1350 | 170 ) 18 0.2-P 83
200 1385 | 1380
09 300 | 1440 | 1435 | 174 0 20 0.8-P 83
10 500 1525 | 1520 | 170 0 19 08~-7 83
700 | 1610 | 1600
11 900 | 1660 | 1650 | 170 0 20 1.0-7 83
12 | 1,023 | 1700 | 1690 | 174 1.2-P 83
Eﬂg%_-a;;% 1,023 62 6.45 (DEEREE T <5 = |
42 55| 195 210 62 | 10-R| 140 | 05-8 | -02 37 |(FEHAHE:. 30%
10 230 245 Bt B
43 20 2.0 320 6.4 05-g | =02 37
44 28 340 360 6.6 05-g -02 37 |oic=x b {EHEEIEE
45 40 4.05 450 44 02-P | =02 36
50 435 440
60 465 490 ' ¥ M 707 Kn
46 80 485 510 64 | 10-R| 140 | 04-P | -02 36
47 102 510 535 48 0.6-P | =02 36
48 150 5.40 5.65 66 06-P | -02 37
49 201 550 575 46 | 10-R| 130 | 02-» | -02 37
302 580 6.00
50 500 615 635 64 | 10-R| 135 0 -02 37
51 700 660 475 65 | 10-R| 1480 | 02-3 | -02 37
52 900 7.0 710 68 02-8 | -02 37
53 | 1023 7.12 7.22 0 13
1385234 1,023 28 300 R
5 097 1.0%
11 1.23 133
20 1.42 1.52
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At WAE | W B g g g | £ o
i L | R - PN e #
s | (m) | (kn) I | ) (aeg) | (m/s) i (deg) | (ded) () p
30 183 198 |
i
40 200 245 %
50 245 | 228 ) | -
61 2355 | 250
80 2.50 245
101 256 2.76
150 257 277
201 281 1 501
300 292 312
500 314 334
700 329 349
900 345 365
1023 35 370
42 2.35 250
80 263 278
150 285 305
500 325 345
non op 125 | 125 (DBERTE © ik
29 5 3.9 415 122 | 15-P 11 12-P | =1 66 |(NFHBATF I 50%
10 4.7 495 (3) B:225°
30 20 62 635 | 122 1.8-P 0 66
! 31 30 735 745 | 126 10-P 12 | 1.5-g8 0 67
40 8.1 8.20
i 32 50 8.7 880 | 132 18-85 0 66
33 60 9.2 925 | 128 0 0 66
81 95 955
34 100 5.7 975 | 124 0.8-P 0 66
150 | 100 1005
35 200 | 104 1045 | 128 02-p 0 67
36 300 | 107 1075 | 128 1-8 0 66
37 500 | 115 11.5 12.4 0.5-P 0 66
38 705 | 123 123 13 0.8-F 67
39 900 | 127 127 13.4 0.8-P 67
40 | 1023 129 12.9 132 08-7 67
a1 124 15-P 121 08-P 66
2084-475 | 1023 | 134 154 1.4~P 0 67 (B AT ¢ R
49 5 4.1 i i35 14 | 35-8 51 14-p| -02 67muw33&guﬁ: 50 %
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R | i | oo | S | R =
Bl (m) | (kny | BIEE | CCE S (deg) {(me)| (deg) [(deg) (r.p.m)
11 5.0 525 ()%t B 45°
Soseosom| 20 | es5 | 670 | 138 05- | 0 67
30 | 740 7.70
51 41 8.60 870 | 135 06-p 0 67
50 9.0 910
52 60 9.3 935 1 134 30-9 5 1.4-p 0 66
80 9.8 9.85
53 100 | 100 10.05 | 139 14-P 0 67
149 | 106 1045
54 203 | 1085 | 1090 | 132 30 -8 5 1.4-P 0 67
55 300 | 1145 | 1120 0 132 0.6-5 a 67
500 | 1200 | 1200
56 700 | 126 12.4 13.4 30-g 5 1.2-P a 67
900 | 131 131
57 11,023 | 132 132 134 35-8 5 0.2-P 0 67
228104 (DBLSCRTE © #d
- 28 5 375 400 | 129 3-3 0 67 (DEBRAR . 50%
29 10 565 585 | 132 0.8-8 0 67 |3t #:225°
21 6.20 635
30 30 7.2 730 | 128 15-p 9 05-P 0 47
40 825 835
50 890 1900
31 63 9.39 935 | 128 0.8-p 0 67
82 9.70 975
32 100 9.80 985 | 128 15-p 9 18-g 0 67
33 155 | 102 1025 | 13 02-P 0 67
202 | 108 10.85
34 308 | 110 11.05 | 134 04-P 0 67
500 | 1165 | 11.65
714 | 1220 | 1220
35 920 | 1260 | 1240 12-P| 8
35 | 1023 | 1288 | 1288
2 31E- 3843 130 130 (DB R1E ©
44 6 40 425 (FHEEAT: 5 0%
45 10 4.65 490 (3)8F B: 45°
20 610 630
46 30 7.35 7.45
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st T R I NI E R R s
gl el ElREL #
aes | () s TEfid (n};;ﬂ)& (deg)| (we)| (cer) | (deg) Cropom)
TR D 40 815 |
s0| a9 | 900
48 60 1 935 | 9.40
50 100 | 980 | 9.85
51 80 i 970 | 975
52 151 | 104 | 1045
201 | 107 10.75
53 300 | 1145 | 1120
500 | 117 | 117
54 720 | 122 | 122
900 | 1285 | 1285
55 | 1023 | 1305 | 1305 | 13 0.2-g 67
56 128 | 15-p ] 9 | 15-P 67
57 13.4 05-8 67
58 132 05-P 67
59 13 02-P 67
ﬁ%gﬁgg% 128 0 9 | 02-p 67
1 13 28-5 67
2 134 1.2-P 67
0 18- 0 34 148 - | 1475 T (IR ERTE © 05T
30 5 44 445 15 4-g 5 0.5-P | +05 76 (DEEEAGT I 7 5 %
10 5.5 575 @t i 225°
31 20 715 | 725 | 15 0.5-P | +05 77
32 30 | 34 850 | 152 16-p | -05 76
40 9.4 9.45
50 | 1005 | 1010
33 60 | 103 1035 | 154 | 10-5 5 1.6-8 0 77
81 | 109 1095
102 | 113 113
54 150 | 1240 | 1210 | 154 0.5- P 0 765
35 200 | 1225 | 1225 | 154 1.8-5 0 77
300 | 1310 | 1310
36 496 1353 133 15.4 1.6 -2 0 76.5
711 1 140 1395 .
900 | 1445 | 1460 )
37 01023 | 1495 | 1490 | 15 5-5 5 15-g 0 77
1470 | 1445 !

CBEE |
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W WER BB L EOR g e w || P
224 A ﬁ&%ﬁt ;_{fﬁ Bl # 1 =
B (m) | (KI;> EIEHE f’;;‘)ﬂ (dem) J(m/s) (deg) | (des) (r pom)
S46-8-22 | ! .
0285 — 5 d%h 5 445 470 14.6 10-9 12 0.8~P 0 76 QFEHAR  75%
10 55 575 (3)4t #hri45°
55 21 7.3 740 | 150 14-3 0 765
, 56 30 8.55 865 | 15 10-8 12 24-P 765
| 40 9.3 240
57 50 101 10.15 | 15 04-P 765
61 10.7 10.75
58 80 11.0 11.05 | 142 08-8 77
100 11.1 11.15
59 150 11,8 11.8 15 08-8 76
200 124 1241
03H5~004] 304 1265 | 1265 | 148 5-3 12 25-p 76
500 133 13.3
01 700 142 1445 | 146 1.5-8 765
02 900 14.6 1455 | 152 22-7 76
03 | 1023 | 147 1465 | 152 3-g 12 0.8-g 77
04 15 22-P 76
05 15.4 2-8 12 0.5-5 76
06 15 5-8 12 32-p 765
03BF-4545 159 1585 (1R BR IR © el
0 4B%- 2 643 5 485 510 | 16 22-p 825 ((EHANM 2%
27 10 6.9 7.00 16.2 0 5 34-P 825 |(3)gF #%:225°
28 20 7.6% 775 | 158 1.4-P 82.5
29 30 920 925 | 158 0.6-P 825
30 40 1010 | 1015 | 14 o 5 1.2-P 82.5
31 50 1065 | 156 15.6 14-» 825
32 60 11.00 | 1105 | 158 24-P 825
33 80 1150 | 1150 | 158 20-P 83
34 101 1240 0 12410 | 16 16-8 825
35 150 1270 | 1270 | 164 0 5 0.6-P 82
36 200 | 12951 1295 | 166 1.8-P 82
37 300 1340 | 1340 | 164 08-P 825
38 510 1450 | 14.45 | 162 0.2-P 825
39 705 | 1510 | 1505 | 16 0 82
40 908 1570 | 1565 | 164 5-L 5 0.2-P 82
41 1,023 | 1590 | 1585
0 585~ 3 04 15.6 1555 | 158 5-8 11 1.2-P 82 (DERICIREE © W%




=t i) s i Eﬁaﬁﬂ' o | ; B R m ke g | deegr T
v . RPN DI D L EREC %
gwEl (mr) | (Kn) 5 LA (Kn ) (¢eg) | (ne) (aep) | (dee) @.p.m)
S46—-8-22
0 Sli% — 524 55 45 475 152 527 82  |(FEEEAR 9 2%
33 { 10 5.7 595 15.4 5-51 11 0.4-5 82 ” (Mg 1 a5°
54 | 2 755 7.65 155 14-p 82 i
35 30 9 910 15.8 1.4 82 B
36 40 10 10.05 162 5-5| 115 | 12-» 82 N
37 50 10.6 10,65 16.2 12-P 82
38 60 11 11.05 16.2 1.2-1 88
39 80 1175 | 1175 158 S5-gf 115 | 12-p | -04 82
40 100 11.9 11.9 158 5 -P 81
41 150 1265 | 1265 15.2 32-P 82
42 200 1295 | 1295 16 32-P 82
43 300 13.6 136 165 1o-p 82
44 515 1435 | 14.40 164 32T 82
45 810 1505 | 1500 16.2 0.5-P 82
46 900 1545 1 15.40 155 0 12 02-p 82
47 {1,023 1560 | 1555 162 02-P 82
071 - 465} 16.2 1610 (1R B AR R
0 8H— 0 34 5 4.8 505 164 158 6 16-5 1 -04 84 ok Hfar 100%
11 5.9 410 (3)8t M. 225°
04 20 7.6 77 16.4 18- 04 845
30 9.4 9.45
05 40 10.4 1045 164 0.4-T | -04 845
50 10.8 10.85 )
06 60 1.4 11.4 164 02-7 -04 845
80 120 120
07 100 1235 | 1235 16.6 12-5 6 1.2-7 | -04 845
150 12.7 12.7
08 200 13551 1535 164 1.8-7 | -0.4 84
300 1375 | 1570
09 500 1450 | 1445 16.4 15-5 6 18-p | -02 84
700 1525 1 1520
10 900 1605 1 1600 16,6 1.9- P 0 84
1,023 16151 1605
11 164 18- 0 845 )
17 16.4 18-7 | -02 845
1% ‘ 168 10-5 6 18- | =02 81
14 ;




i i o 2 | IPN ke o | s T B
L B — E j ;
| Can) el | BN (aog) [(nre) [(aom) | (ase) |, 5 o K i
§46-8-22
0817 — 154>
14
17 165 12-P | -~04 | 845
18 164 | 13-g 6 | 24-¥ | -02 | 84
0 9B%-0 04> 1635 1625 : (DIUBLRTE © IR
23 5 495 520 1638 7-P 12 | 08-P 0 845 |(EHAM:100%
10 605 | 625 (35 H: 45°
24 20 78 79 15.8 0 -0.2 | 845
30 9.5 9.55
25 40 | 105 | 1055 | 166 5-P | 11 | t4-s | -02 | 845
50 | 111 | 1115
26 61 1 114 | 114 166 0 -02 | 845
80 | 121 | 121
27 100 | 126 | 126 16.4 28-P 0 845
150 | 128 | 128
28 203 | 133 | 133 16.6 08-5 0 845
500 | 141 | 1405
500 | 149 | 1485
29 710 | 156 | 1555 | 162 5-p| 11 | 06-P| -02 | 845
900 | 1605| 1595
1023 | 1620| 1615




Table 544 Results of Measuremeont by DoPpler Sonar Speedomstser

EX R IR TR & B v IV s vy Ty
\ — EREEot | %
BB FE S c | MAEFY (k) | B E M Go | B M (n) | A0
T B K
1/ M 4 - ——— 75 30 L fote e
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MET—2 0 1EEERAMBAMIRLE ST, #4824 2414, MESTHKK, HFd4 2410 H
82— 6 61 U ERALTT st CSEKK. EFN4 24E1 0 B
ANPGRS BRI BERT. BT, AT OS2 8, Bme 24411 A
*—=27T yb - byF I HEHEE, Vs, MP5044 The Margquardt Corporation,

WEFI4 2454 A

42 4—3 A,

=T b My 75— v, i AR, 4 #m s MP5045, The Marguardt Corpora-

tion WHI4 35E1H

Goldstedin, R J, Kreid, D0 K | Measurment of Laminar Plow DevelobPment in a
Square Duct Using a Laser-Doppler Flowmeter, A.S.M.E,. J. of AppPl. Mech.
Doec. 1967

T E R T OB E, ERAR. A4 SE2 5 H

A New TQerman Log, (A Portable 0Ptical Instrument Operating on the Stro-
boscoPic Principle and Giving Direct Indications of a $hip’s Speed),
Shiphbuilding and Si»'lippin,g Record Vol. LV NO.2,6 1940, Tuly

NG, FE D ST O = v, BT2 3R RYEN4 442 B

AN 5oy B IR ORI, B 1R~ 3R] (UMK 9« R, 852 8950 3 255, IHfn4 2, 4 44F)

—101—



(B3O Y v S Rt EiF 2y

FIEFTIE BN RUHERIC kBB ET & (T 3 2156 OB ST 0 EE, BUTI TG, 2 IhE., #BIERICOW T Ol

NLZ T H,
1. REEFDET

1.1 RAREMIEE O AR
A O CHEN K OMSHE R A BT T 2 AR, FlAE Yy 75— - v - ER R R T A, KB
PHEE L L€, #HERIAOBAIINEDI S 0 %L Eh & b o BEER 2605 5,

1.2 (AEFEEIEZEITR D 3 AR
B OREEE A RS & D AN E IR G, BIIERER TR WREESEOB EATR 9,

SEUIT B OVEETNC X 2IGEE, P4 g HEERE 5 OGO R & # 5
2. BRI RRETADHE (BEHEREET)

2.1 B (HE
IRES T AT G S BB E D % 5 N KR OHENE &35, b LIKEEA2 ~ 3 m LA ERZ W IBEIC IR T
FHRBI T AT 5, TOMEHBEBE R —ahnb (LT ) OB L5,
L. COBEEEEIC 1 (cos s ) #R/U 22 E 5 5, (54, 7 32:8)

2.2 EMHUHE
REbF 5 X ORI, ) = AP B A% 7ot SEAST X BBUB A8 1L C& 2382 # < — ORI % BT 5,

(7. 3%5%)

2.3 Yo7V
FrFN RO 2 5B B L. BEEEVSIARTES S D AEER S1F, S OICKES LA EmEE L
Wy, VT v IEEEAE DRSS 0 B LT TSI X B ISIE A ST B,

2.4 REESLANL
TEEB VA DTS D 0TERT A B D, TERME, BEE DU~ U ATRRO M SR 28R T & BE4E
BT AEE L Cat. 7 525

2.5 REFHY LS

HETMEB 0 2 Y EBTH 0T, HIFEBL 1 MEC D EHMSMLUET 25 28T 2, (54, 7 388)

2.6 1RLIRER
SR 27 2 SEREEICE T BIEE L BRI OV TAT R A E AT A B IE+ Do AL A1 17 1A
ABER ©— 25250 A% ZR L, /c@wmkm*éwvclamg—;u«ﬁﬁm@%@ﬁ;ﬁ%ﬁb BT ENEE Lo IR
HEBXRENC I A 30 L L, AEBITOFH S 0 TIT AW, KRERBERELBET2%E T2, (§ ¢8R)
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3. MEESEREANNFES( BRIXEESFL &)
3.1 EBMFTAE
WO T St Ap6~7 ORETLELEHICHAT 5o b LU ST h BRI 2% LI, BRE
JEOIING & b WER R R A TB N S B,
mbKIVmwdh&ﬁwﬁ@wﬂuduA‘ BB NCAL AL CUR AR TE O 32303 K B < L A HRIBIER G C fth ©
REHNEHET DL 0602 A, (33, 7 15:8)

3.2 GAIERRHE
HIGE RG2S I L B L b, BARBED 2 0 #8585 FEHI 5,
FBEFF I BRI L A3R AL KRIC L b EOMmBE % e T 5,

= Crs Ls
58 = 12 Oy
Cpy LM

N

L, Oy WAERIBAIEIRIICET 5 EROGREE., Jy EWTT AEBICHT 2 BHROHREE, Ly it
FEIROR I, Ly BHEBOR I, Cpy MEROBY 2 LMIERERMAI I EE COEILIMERES( VI / A+ X8
(5 + TR DRI, Cpy @ BEIORE 2 DX o+ TS CORS & BIAEEICES v A/~ <8
CXS 3 B FIRE IR TR, 1 2 3 And 88 & THR BRRES 08 % 5 T & T X A R40 (48 1795801, Bl
1AAFEREL) TH D,

ERIEKEDNC B R WR &, BERORT RS ST 2 57 BEOIRE EIRRIC I 5 FRIABE -+ 5,

v I
0 =037 x )/é
Vx

L. OSSR BE ., x LA b OERE. VIRTE, v AES R T 5,
LD BS6 % EHNAMBR T HRBEE XN TEL O 17 ~2.055%2 2283 250 TEELE
T 5 (71&8)

3.3 HEHRY iLE
TR ZEBO/OEED LW Y [CREEL R U2 &S LD T, MEIHEN % F 1+ v 2 (0L 1 5 DE FUMH
M ERZF & L., £ e BRICEB 2R LTI e 78831742 9 %2 B+ 5, (7.35M0)

3.4 WERIRER
FHGETRNC ST b, TEEE OXFIEHT I I S0 2 3 S A 2 81 L. VB IR, BRI iR % ko 5.
BARIGE % K> B 72 O R EPREE St AR E b — B & biTh v, SERB USRS 0 /N BIR 2 3 it
G KV X b FEIED 5 BB TIT A 5 T EAEE Lin, (§6, 7.288)

3.5 SHNMERBANEEZ DAROETA

R EARA TR AR LT B0 RE A /e, (a2 O LHESB L EE 55 & a8E Ln,

X3 ACGHEEEHA (NS A MIGESTH ) & sBE N EB MR & % 1 BB ENC X b 1T % 9 35 A, AR AN
MITHRET 20 EMb50 T, FRENEHOMEN LTS & 2383 Lin, (51. 52, 7388)
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B o2 0 o o
§ 1 ¥ oz W &

B 0 AU R S 0 X I JEAR O HBEENE 245 5B WL 1D BEUNFARIH D4 ( model ship Correlation )
O IS, THERIR ORI w9 35 E TR SR MM TH bo ZOMEBIC 2 W TRILICEE (OB A 2 S ﬂ’C-‘B‘D‘l\)
F 70 S FIROIC L AR SRR 7 ~— = & L TSGR IRIR T+ 5 € &I X by AHEO MELCH 5 % MR R D K ¢
SR AN, R IR AT & b AL R EE 5 A HESTESL 1 T Ao

Las Ly BinlD OF KB 30 T, BRI ORMA £ b Ot & 1o THM T, ERORE &£ OMIEATHT 200 T
W W DI, SRR HEE OFFE ST T b, BARIABRATE S HEE L7 IETE & AL 3% L (i T 258708
e {7 (L RS ERERESEL % Fl W TR A EREHEE IS TS Lo ERIZ £ T 3 TR A D TV by ZORK h 37 DI
%%®ﬁ%%\ﬁﬂm&m@%&@ﬁﬂmﬂbé\Ebmﬁﬁﬁkatﬁ%%ﬁ&£%¢Lﬁﬁ%ﬁ&@ﬁ%ﬂ%%fém
FOHPE E LT ERICK 5 0MAE s LOBMERICH T A RER® ( scale offoct ) DIE LWEEBAERZRE
HELTs/n—xXTy 7E3NTE feo

doa AOR 7 LHHMEHHIC X AR, WD S LUENEBRORIEPEOURICE o TENLFER THH, B
kﬂf@bf%%%coiﬁ&ﬁnﬁﬁ&bﬂfmég)Lﬁb%®%\%ﬁﬁ%@%wmléﬁﬁﬁﬁ®%w\%ﬁ
wake surveyll X A¥EVEILET A O, 4EPUS B R TR OTLHT 23588 15,)\ %7z wave breaking resistance
VCBE?‘%@’P%?{’J)\ fREIIC & éi&ﬁﬁi’éé}wﬁé’;éﬁ}}’éﬁ” % &, RAROEHRAWKE T A5 LWIIEAT 2D TWEOT,
ch LOFROMRLIER LT, EFANS FIE L CHMRET L, TOWEEHO 20T 5 T LI L b, RHEHRICHET AR
BERAM RO ICHREIC T 2 T & A T8 A &I Sh A,

tr, BMBRORERBICOWTL, EAREEICHEED H&)%ﬁﬁ%@ﬁnﬁ¥§8)9) HEE LUK RS L UEOEROM
Bt 215 % 400 €3k & D HICIE LWRESZ B OB T 56D EF X Do

Ll RN TE 7 & 910, BEO MR % 664 L T, EH S D EET 2o s 3 53 2RI AR T2 L W, 55
2 LUHREREOREMS L & A+ TH LI E A SO L Bbh s, BEEREE &M U X 9 & RHRHERAFT 2 L
X LI~ L BWEEBER SR T L TE 4

&Mﬁ%matbfu\mﬁ\Hm\7u&5%m@%ﬁ%\%ﬁ\%m\Em&mxlvmﬁeﬂwﬁ@aef\Ch
& OIE B IC DN TE THIBRRER & O %P~ te, T8 THERATRA EXAHER b O D5 E2\ ERPTOM 4 DI AIC
L, BREBRICHS 2 BEREEL T4 0 Ok &y BHIERRE UL EENE WEROME £ 7 o ~ 7 EHl TE
T 5 T EIEREN 1,

e DABBIC DN TIEHL S WA BIE ED A DA ER I LNT, BEOF— 2 L) ROMBERAEILATHRECE E
F 5 TAD P B DT O A4 L CIRMREOEA 1. 0 Xk (i, H 72 D REOEA TillE 54 2 LER TS
b, WEIFEH Lokz 2N LT o T,

$ B BAROT NS 2y s —va v A L LIEHRD HF O 5 L Ok ol TO T EEISPHLIE £/ Vv
Trr CF—va VA eE 5 5 ENICHANR R o T EERT SO T HIROTH I 2 LI 57 W
Wl o h & b B, L b, COLH—ITERTO SOALETH I, ML T FMHEHDOEHEOR % LT, L0
% 3507 D THH C&AEREA, (i UIBB oMM HEE 70 W E T 5 L2k »> T fo

AR X910, RIS ORIBICIE T AR D TE W A b b TR O § & WL, AR O BRI AR
T3 5 CR B AR A LTI MM 7 i 0 LT by BURRROHE 7 B THRBRIOICEN~ B 12 AMEH T8 B T50k
24

2% (L LA b A OSBRI OM T T oD T E 9 LT d v 1 7w XBEALO@ pk  THA BRI & § 2FER

DI NG Do fry D 0, TN 5N THM ATl T 5 L E A LCH IR TWed Thoh A, AHaiEnTL )
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LT G 4O TH b,

TOH 2 HORIL 2EFTE CIT 2 b a SO Tho T, R4 5 4 T M FHEE B X O F 45 5 O 92 43R
OEfFE, 2, 4, 8 mIERIC X AR, N4 6 EEICE EMEREFEHIEE O ERIROEM & 1 2 n
DFEI B AT 72 b g

GEBRIRAA 1 BT 085 TG S 7L TR EAPRAR DK AR TR G T T, R OEW B i

s X Lpp 302m
& B 4 42m
£3 K D 24.2n
w2 7K a 170m
A TR DW 162400 b

E OB Fa—wn
BN 30,900ps, [BEEHK 114 rpn
VARl 1 &

BEZE 720m, o F 4.98m
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§2 M L B OA AR T X B W

IR, GRS ORISR oME T BN L LT BRI R E LT, 4 S MBI IC X AT - HAL SR -
M GEETIN S L DM A S EE TR O RR 2 98 L

GEERBOTIIE, 24 B 4n T 40 10 bl DR i B e X DR HE BUAE 3208 Lre 1 6 JTDW T TUEKELTR N T H 5o

UL T & 25000, FOsER GIE LWR % 4R 0 5 72010, SR ORRET 26D Th (LB DD
P A ORI, 4 HOB S £ ERIL L o e IRARI TR ffedd, MK I R 2, TROL B D, KR
B 72 & UM VCERIRAE LI ok DREHE % 1R b, AL, Cof— LA HIEIC X b A S OVCHRIT T 206 Lic

2.1 KEHRBRE
211 % B M
R AR S50 D K DI % & & ICPENK L7e B RIAED % 35 IC (1 LTHRIL L7co %72, ML stern frame

M DY IO M 1C D\ T b BELS R 2R Ly AR S 3 2o % & &iC LCHE L, AHEHGIH, T M

W te o TR OF— Tk o700

AR © i, S8 9WICHT 2 e A M T O ¥y FRAKETh T OFICEo70

BB OETH % Table2 1 110, F & BT ANCK 35 KM SR TR B & L URIRIEY % & Table2. 1. 2.1T
GRS

212 ERRR
SERRIA, R B L0992 MIRIE & L, PR EE 8 m ARG A1 TR L, ARG TRIBR IR
##— L, ballast condition, HEMKBROFHRBICEDLYE Lo
SHUTHE L, S (SRS ) 5 SOMMAL TR & L RER % A CGIKHEE E5RH L. S HE 0%
A interval® It & Ao
SRR I, SE A U T, WIURAE T 8Kn~ 2 0KnE T1 5~ 1 6/, 7 A MKET7Kn~21Kn2 T
5~ 16/,
LY BB A S I AR T Ay BB wake suvvey TiT R 9 HMIE & T b

-

I
-

3 BMRR

HBREB L, BHLBR &R — & %o

SHUEB @, bz, 25 AL, OEE, HEE L L EEEIEFRR L F—ERE & 4o

SHAUIERD L, TN TIIRRIE 1 2 Kn~1 BKny 9 X MREE 1 3Kn~1 9 Kn, BMBEROTHR
ST BIREORBE T o

ST, friction line WCITTC-19 57 line RMAW it 4Cf=02X10" & LTHHT o
SPCERDHMAR AT 9% S FC=0 (modol point®EM ) MbAT 2 +=02TOM%E4~5ASFC

BHALR HTCEH T Bo 7270 L, FHIGEE @, full load 16Kn, ballast condition 17Kn®#& 1R &5

2.1.4 FarRTF—7 L HE
BRI & U0, ERERITE I s R oS8 43 L e li] i Z‘lfn)&'u\ T % 50

il Komp OIERIC £ 5 Rok = 4.5 X 10° ( Rok= 4" 1;* xp‘ (1-5)+484( ‘-“-) ) VT4 3 B IREL T % R
BT 9PN R 7w~ 5 T IR AT
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A—7 FERC BT AT A VD & ) HE R ADR T O THERRRIC BT 7 e 5O Y » ZILHECHE S

A THMAEZI Y, FTOBEDIArs, AFA L ETA Pk LT, 707 ORRIC BT 2 5HHE & bk T2,

2.1.5 7oRIaBwakestifl
PR TBE AR KB U &+ 5, 270 Ly BEEBR Wil & + 5,
MR 70 5007 RIC T AMEBO R LUEBE 4 5,
EHHE OB AL (Il A 2 (5L 0 L, FREEE R A2 {35,
FHEE L BAEERD s F CZHEUIRICE b, FIREE 1 A& F 5,

TR EIL S AL & b= 2 Wb,

216 WA (FaRTEAEME ) wakeitHl
BBCRIE, EMFHIRES L, 7 v NS HEOWHIC DWLTTE 96
S B LR TR E W G HIEE 7 5~ CERBBRGISRE S b b,
FH A OEE & 7 &~ CHEIBTUOME &+ 5, ®
BAVREOBE, 7 = ~ 7 BT B BRSO R EBEOmEL & 3 5,

FHBEEE 2 AN (HELE P B EH WA,

2.1.7 #Fwake survey

ABRRREREST - BREBREEIL & 35,

FHIfIEEA. P. Lb 05 LpplEs WG &3 2,

ETONGEEE & LT, REFEld center lino X b BiE 1S BREL EE T35, B HHEOEH ¥y Fid Lpp/200 &
U KIETEEGEE KRS 5 2 &L L, IRRREERED wake TSN < —F 5 € TE T 5g

EHREEEG, HMEHE CHIEIRE 1 Skn, 1 6kn 17 kn, FAMREE1Skn ., 17%kn, 18%kn &
Bo ‘

FHAGSE R L, BEVETH TE 58 —EF 2B Wh,

KIMZEMLOE ML hoad 1oss ORI 25k 0 LN ARECETH 71T % 96

EROMUE L 7 HEHE © + — BB ORI TR OEE O 1 5~ A WRICHTE T 56

2.1.8 F R Et Rl
SR L S wako EHIIKIE L & 15,
BT A& i bl fli# & L Tmodel center line X b, 0.2 5Lpp 7ZWHNAZFICP . U . 5%+ 4,
SHERIER H T wake survey & [@— &4 b

(P DB DUFFE DR & LT, #RIRIE1 8, 19 knot, ~$3 % FIRBE1 9, 2 0 knot O EEDRER
T8 L )

2.2 By H*E
2.2.1 1ERIAEEILR
PEIKEEHIL BRI DN TR & Ll 281 MO ML TG L scale down T 5,

T O BEHE W 7 BBINE S e TLpp T Wb,
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2.2.2 ERHBER

Cf. 1ine (T I.T.T.C-1 2 5 7% Hughos Ol /B BEiEHARHCr (I.T.T.C), & EH % (Hughes)
HHLOWER I ek ¢ =R hovie TN, Froudeuk g Lop N— AW 7w v b3 5,

2.2.3 HEAARER
AR ORI S L T Ly I, Kt —-:T/'%v;lva% . kp =2”“Q/£2’—v§nv§/3 . kn=nvad vnm clE
TILFRFT ho K Ly YVa @ BB E Ok ERSS
BB IEATICHE Ui i L7z 8 F C OfE %\ thrust identity, Taylor’s definitionlC X b, t.
W 7R THAS Bo

43 % O MRATIC I [ BUR R EE 2T ER S T o — 7 > SRBRES IR % BEFR 3 o

2.2.4 TaxRTF—F U RBIR

AR L T <= 2Cky =T/pn?D, Ko =%Pn?D°, 7, &7 8 » b3 b

2.25 TaxZfigwakeitAlfER
EHASR I axial AMOwake contour curve &ELEHHIEIC T, FiHENZ br v Yy FHICERE LKA
TrTo

mean wake OFHIL, H#M volume meand 35,

2.2.6 FRBACEwakeitAIHER

7'm NS wake BHAMERICE L B,

2.2.7 f&Ahwake surveyfiER
BT AL head loss ZHA THAHE (ZEHETEOMTIBE-459 BR ) AN 5,

BILORIEREF = v 7 O DICOXRFIH T 5,

2.2.8 EFMETAER
FHIG LB ORICH + 6 F — 2 X =HE TR O v 75 4l L VBRI &7 % 9

229 & o ft
WIATRS IR OFTRERL 2 5~ (i~ Ly #m X 7 — v i T 5o

2.3 KEHRER
231 EWHAR
SRS, £10, B D HFE Tolockage effect ODBIEETT R oz b M %172 2 70
WIRE S XU 5 = MRBEC 3 AR RIEYRAMSE (19 57 ITTC. friction linefd#H ) o hEk X%
Fig 231 WiR¥o 77y 4 n SRR OIETRERL, NS E S LCSHET I NIERE O A THEME LT
b, HIKEIOBRBERCE A% b OED oA ILERFORER T AGHE Ol 245 2 > TE 53, LitoXEr
HAGOTRE /v S DB L 2 SN LD T, IR O RRAHE B L
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FlREHFARIUE, WIRCRGE CEB ORI LA KE (| kA FEdEiM 2 L TRIAR W E,
S ABFAREL DS N B WA 77 R 1 | S B

—H, 7 A PIKEE T, 7o — VO 1 2 LU T DR T, CIREE & ERR OIS 2 B b B2 FhLL Lo i
T, BB OR S & RS OB O & oI, B 2 ERE R Shd| FOMhoBRIRE O $HEiRE I <
LB ENS TN

WIT, Fig?2 3 200, {HEAIROFHE NG, Hughos DEEER M LT, HughesDHiE TR AL form fa
—ctor{ K ) Off + SUGEREBINARBMBL T3, 7242 Ly 2 mEEes LTt BRI 2 5EIED <5 » 43
K& {, Hughes DFHEIC LAK TROD CENTEL oD T, H ECw B2 %2 5 8 nBEBROER »—
BTH LK DBEEIE Lo BEKRT 7 mMEROKE R, BT 2 bNr 7 n AR o~E ( BIr&mie
BUEOERIC LS ) Thob,

ORI, TEUREBIC & O, BERE TETOMBEE 5%, 2n~1 2nOEERAL TH% D R n—E
TR L TWwhwh,

—H 7 A MRETE, 2nEEROFRZOXE, BRRORI LR (2L EXOEINIL(, cw E7ao—F
O 2 ETRBERIABEWEERE WMERZHBRIK A SN 2, 2 nEERICOWTE, ow fifioi s misalfs &
—HTAHLIKERE LTI LSRR L Tnsy, LELOWEHEKR->TKE £ d->EKE {Cw %/ & Lkt
FMTHE LB N A,

SEORERD X 91, RE IOH L5 HUEE MOBENHBRERS 5881, ov @7+~ VHOSH OB TS
Dy ERK (70— FEIC L o CRZALT B4, v A /0o BT 2 bHEAROKE KBTI LENEWIESE
DI, BEABRCHALZR FLUCw 2R OLFEN DD, Pig 2.3 23 L Fig 2.3 4 T, TOHEK &
by B 7w — VEZ L OB BRBAO S 45 Hughe s DEBIENAEL (Cfy) %3 LUk 40 % Cey~— T 7 1
v ML TNHLOT By FCEWT—7 v— FRICHT 28 BAROEA—EH ECdh il TOEROER & X
PFCfg=0 kT AEHLLEFD 7 v— FEICKHTAHAK 2 XU Cw 53RDLTENTE by ( ZOFHEL > TROA
form factor IEREFARAMOEZ LI Hughes D HEK L YRO#E, ow LB 2LEH LK, Cw & R Lty

WERBIC DA TR, Fig 223 3WETIOWEERBZ0X< &7 n SRR #8515 EO0BBROBRIL, &7~
— FRZ ECPTZERO LITRIEDO o Tk b, CONETEHERBICHEZE LU Cw O kDL E TR T
nhy DX LTRLAK, Cw Ofit Pig. 2.3 5V R0, Hughes DHETRoHAow B LY bR WKn—
HERL TWnh,

25 R MREEIT DNWTHL, Fige 23 4WRT&EFD, AD-57 Y PPEHICKE ( HRREOSEED L9, 2
m~12m@O4BERBORTHRLIER LD CEDTE AV, 8nF Il 1 2 nBERROMAE i +2 &, EES
DFENTIRAE CE-CEghi—TE L WO A A LN 525 —Ih, 4my 8m, 12 nEAROBREELERL T R
BEOBEIC > T, Fig. 2.3 4WGRTER D, H7rv— PEICH LT, FIIAFHBE RO TH e TOEMRH» LK
B K B LUCw O, Fig. 2.3 2 0HCRT L9, Hughes® HEEIC X h ROAMEIC { 5~NEFK 2K <, Cw
MREMHARI %> TWnby 3/, TOHEL Lo TROZK OE 28 UGHE LaSBERRO ow #i it Fig. 2.
35CRT Lo, 2 niERRORRY R SRIMICHT 5 ow O -2 F ¥ ${d Hughes OFRIC L 24ER X
bl AmWnWp, ITTC1 9 57 1line %A LARSIEIMAKERIC C ONE LHEBRE LN AV,

3.2 BRI

BIEFHHESR o R DG EROE %, Pig. 232 OEFWKIR Lizdl, ORI, EROFHEEN T T,
Hughoes Q7 TROEWBHICH] LT, WHCREE THRREE, <7 % PREE TR L A SR T DRIE TIFFEK
&g
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FMEEASNCHNIE THHPE (WK 17 kn 27 % PIREE 18 kn ) ARE TR SERIH 2N E W T EITHIG
LT B AEERICIL < POBD MEIC D T 7 2SI 25 T8 22 o @ T, HEPSRERNCE T sk & L
T TE A RSN TOMRE A DEEY 2157 oy, Fig 23611 9%xn , 27 # MRE2 0 kn K e
AP ICETHIRS R D e 2Rds

CORE T R D & G ETIACH 3 SR EAT RN & SHIERICR (—B L T»h,

2.3.3 #Fwake survey

FAERANC D& AP L b 0.5 LppfhF T EFTHIOICES 2P HIRNORE & X UBEORHI ©1T7% o7,

OIS 2 b, head loss (€ L5MMEED 3RO/, Fig 2.3 7 BABEIIC DN TRHZ head loss
DERIK I DI} O L T b 5o

head loss [ZHIEIMALNE (& BT EMUEIICKE ( B2 TW o, BAHEOZAOLRITEEHORE JITH
HbbF, WERRE ST A MREBE LB (UMEAE S 5> T, T4 bbb head 1loss OBKAHOHAILKE
FREEREL DT HICENEF LD 2 W posk &b > T b, PRI O TRIZHEEKD 2EBEOREICH X
K, Ho, MEMOKE ILWEC HAhb LT, EIT—5% Thh, O FHDhead loss O peakid, MRICHET
BN ED ) OEKIC L AHFOTHIC L2 D LELLNLY, T OAFAHRE, FEEROoKk: SCHrHHLITEL
HE%F > TV TEERKE AR THo,

i bOhoad loss OAAL LEH LAKHME # XUOWIKEH bR OIEGE & EHEER TR OALER &
DB % Fig. 2.3 8 IGRTH WHIRIE CE RS LB O SMEH &3, 2 nREM RN TR (—
HLTWhy 572 MREE THMHEREICC 5NT —BHEAE HEA, 4 n, 8 mBEEMTE, BIE—HLTWELE
RBZEHTE B

i Ly ANEEHEES (2 m ) Tl BEAIRIC 3\~ T, BOEEHL BHBEH & & i, BB oEES Hd T
B 57, EHHPEE ICRIE 2 B b, /NENEEIN I X AIBFT A2 R EIRTE O B Tl EE T 55,

Fig. 2.3.9 # XUFig 2 3 1 0 EKRIK 2T BKFE KA T2 head 1oss ODAMOLEE TH B, Wave
breaking resistancelCXIE ¥ A head loss @ peak Id, -5 = MR TR b 2 IKRO LN HA KR T

AP A EBDON Kt ol

2.3.4 7 oRTEMAER
2 mEBERC OV TRAEMBREAT 2o TE b3, HMA 7o ~X5d4n, Sy L1 2 nBEREHOIE (7~
SEREEIS36nn 190 73mbI2840%mm) THAH2 BEBOWELTOTIMEDO LV 1/ ~» IETHER
L7 7' n s MMMEROBR Y Pig. 2.3 1 1GR3, @HOFEHMH Tk, v 1 7/ v XEoT L b, DR
(Kp )i, o Fhcibm b 258K Q) B L, Cord 7y axIPRA VA / v XPOBEINE & I
BTl by 75 < SHFREICH + 2 S A Tk 5 5 5 1 T R TE T D 57 L T

235 BAMER
4 m B B AL, IRBRF e O RO CRIGE N, B0 SRR 2 & ) ORI D o
e HEARRON G & LI O BALEE ORATIC Tl o RURER B 5 L7
BRABATIG o1 2 my Bmb X0 no 3 EANO IR T R B IR ) | HORE (©)
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BRIERIC DN THL 7y« ¢ AHIIOK & SICHEIUBIR TS Tk R Ly % 2 FRRIC D W T, 4 m~
12 m OB LR ERABICIT 5 BRSO N B & & SIC, MBRSO 2 1 7 OHlE OB PR S N

Table 2.1 1 Principal Particutars of Ship Models

12m MODEL 8m MODEL 4m MODEL 2m MODEL
WLOAD COND. FULL BALLAST FULL l BALLAST | FULL %BALLAST TULL BALLASTH
Lpp (m) 12,000 8000 4000 2000
B Lm) 17563 1.1709 0.5855 02927 ‘
dm (m] 0.6755 3.2855 0.4503 0.1903 02252 0.09 51 0.1126 0.0476>
TRIM [ %) 0 199 0 1.99 0 199 0 199
Dy (Kg3 11,754.2 47496 53,4857 1.4073 43571 17591 5446 2199
Sa i 32625 22914 14.500 10184 3625 25456 0.9063 06365
Cgn 0.826 0.789 0.826 0.789 0826 0.789 0.826 078;777
Cp 0832 0.802 0.832 0.802 0832 0.802 0.832 0.802
Cn 0.993 0.984 0.993 0.984 0993 0.984 0993 0.984 7
Log (%) -24 -32 - 24 -32 - 24 - 32 - 2.4 - 32
Table 2.1.2 Ttems of Tank Tests
A Length of Model
Item of Test
12m 8 m 4m 2m
Resistance Test O O O Q
Self-propulsion Test O O O —
Rrop. Open Tost O O O —
Wake Survey at Down Stroam O O O ()
Wake Survey at Prop. Position O O O O
Meaurement of Wave Profile O O O O
Measurement of Sream Line — — O O
Ship Rosecarch | Nagasaki Hiroshima Yokohama
Institute Experimental Univ., Notional Univ,
Laboratory Tank, Nagasaki Tokyo Uniwv.
MHI. E xperimental
Tank, MHI.
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Table 3 1.4 Comparison of Horse Power Values by
Thres Methods
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Tablo 3. 2.1 Standard Analysis of Spesd Trial Results
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Table ,h 322

Analysie of Speed Trial Results

by Tamura’s Method.

RPM
E3 # g Lpp=>302.00m B=4420m D=2420m Y 309007 x 114
T M o fi i 1/2 3,4 B5% 4,4 1 3
Bk B SR |1 SW223° |2 NE 53° |3 SW223°| 4 Nk 53°(5 SW 223°{ 6 NES37|7 5W 223" 8 NE 53751
it SR A g o
ot #o A Ve (Kt) 1633 1352 1850 1563 1857 17.04 1824 1ons | N B b BEREE
il 1.8% & LRI L hEtEL
HE e 9oAE M RN 9434 9474 10740 107.66 11200 11250 117.34 118.27 | 4
{# - o
1 51 (8HP) 15470 15120 22,680 22640 25.610 25820 30330 30590 | I b T BIBEEN
%1 M % B B 460 462 524 525 546 549 572 577| >20700x0018=556
[O#: BN 31 B IBERE N
=% % (DHP) 14710 14658 22156 22115 25065 25271 29758 30013) ooy N
114
%2 [HE&EHDEEH q 0.02234| 0.02198| 0.02280| 002260| 002275 002263} 002348 002313,
B DHEP
BO# R v, 04190 0.4285 04070 0.4125 0.4085 04125 0.3895 0.3185 q=m5=1~775 N3
% 3 1 -w 0.565 0701 0551 0.724 0575 0634 0560 0s77|(D=72m)
(1—w) mean 0.633 0.638 0.605 0569 e -
1-We=gl =0233351—
X RE Wims) 60 140 5.0 145 50 140 45 125 s s
# 4
g 0 (8) 8.75 0 §8.62 0 8.50 5.3 5.22 5.3
bl AR=1 KW A O
BmE®FE K 030 100 057 1.00 0.85 1.01 115 1.01 =976 1KW?
R KW? 1080 19600 1425 21025 2125 19796 4859 157.81] Pa=0128Ke-s?/m!
e 1050 19130 1390 20520 2070 19320 3770 15400] =127 1t
ol !
vy |JRIEHH AR (K9) Ce=1.2
+ 1-t 0826 0.822 0818 0812 %5
w5 HEFERSAT AR aw v 1=W)-Vs
5 ) 4861 5.602 5548 5458 w=01-w)v= 544
Blxeé 4T —000992] -0.18075| -0.00994| -014671] -001516| -014151| -002873| -0.11737 | ¢
___4R
iE dv, 0.0015 00505 0.0010 00210 0.0015 0.0195 0.0035 00135 Ar—m
7 dq _000006| -0.00413| -p00004| -0.00078| -0.00006| -0.00073| —0.00013| -0.00050 =1'8445X1U‘(1—1?Vf
x ao1 002228| 002085| 0.02276| 002182 002269 002190| 002335| 002263,
" % 8 an ~0.34 -627 ~0.28 -548 -0.41 -506 -1.04 -374| 4q =b x dv;
No1 94.00 8847 10712 102.18 111,59 10744 11630 11453 | (v--20rKe2 _ _03748)
~ Y1 -Viz
q0 002182| 002187| 002223| 002223| 002229 | 0.02230| 002282] 002297)%8
. 60- ¥,
%9 4v, 050 0.011 0.63 0.41 053 0.38 0.80 are | 4N= Dovi? 4w
_ v, -4
' 1683 13,63 19.13 16.04 1910 17.46 19.04 19.24 =-83%3 S
r— 4
L 8-420 9-584] 10-598| 11-581| 12-518] 13-409| 14-40.8]| 15-207 (w=vit+ddn)
9
3 — 5 9-—20. 1- 13-164 -00.
| — BOAL & b R B 2 202 11-290 516 15-008 £ L Do dag
e Vo X N /N 1683 1357 1913 1600 1910 1738 19.04 19.09 b ‘;W
—_ NXxdqq
fg | F ¥ B Wk £ E SW 1630 SW 1.565 SW 0860 gW -0025 0.0974
AR A 1405 1820 1790 1295 0990 0710 0190|  -0.235 (Aq" a0 Ty
1-w= 0.611
Vo’ 15425 15450 17.340 17.335 18110 18170 18850 19005| o
W (mB) 7935 7948 89 20 8918 9315 9.347 2697 9777 q’
. DHP'= - D
’% 4r’ ( K¢ ) 6145 6165 7765 7763 8449 8525 9178 9330
H PR
% 4t 0.0581 00583 00555 00555 0.0620 0.0624 00700 0.0711 neD
+ Ay :7_—)—‘1"‘
s 4vi 09 0 0.0080 7 7 nov o 0090 0.0080 T
% L vy -0.0 -0. -onn7n o070 -0no -0. -0 -00080 _ NX@
E 4q’ 000033] 000030| 000026| 000026| 00BN33| 000033| 000030 0.0003m 262
ﬁ q’ 0.02215| 002217 002245| 002249 002262 002263 002312] 087327
ilj #10 DHP' 14585 14785 21855 22007 24922 25271 29302 30195
11 4vy’ -0.320 ~-0.292 -0.287 0287 -0.380 -0.381 -0361 -0314
Vs 1511 1516 170% 17.05 1773 1777 18.49 18.64
3
4 N 9434 9474 10740 1764 11200 11250 11734 11827
5 SHY 15050 15250 22.380 22530 25470 25820 29870 30770
Hi
- Cadm. 431.4 4298 4137 4108 4079 4064 3935 3913

-137 -




( SHP)

E 7

L

120

4

100

# B 2521984 (RPM)

b3
N

30 000

20000

0 000

Fig.

AR EE
————— Wit o XK kbR

- soo
- &
- 300
1 1 ] 1 ]
/5 76 ’7 Ve 9
&' (ke
531 Analytical Results of Speed Trials.

- 138-

Cadm =a% Vs /DHP




Table 331 o CF - Analysis
i 5 % f % i 85% M C R
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Table App-3

Standard Trial Analysis of «A» Maru
(Full Load Condition)

£ ¥ o £ T 14 Y N OR MCR
5 - ! Q 0[ [=3 o o o Q
[ MLE E S R AL 190° 2 10915 190%4. 10°15 190°) & 10° |7 190°8 10
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| : :
!#‘éﬁzgﬁﬁ}@%&N 7550 | 77.65 9240 9184 11205 11194 11742 117.76
(& ] ;
15 71 (BHP) 8360 9060, 14630, 15270 26700] 26100 | 30620 30800
1 B X B 0N 614 631 751 747 911 910 955 957
=ZESN DHP 7,746 8429 138791 14523] 25789 25190 | 29665 29843
N3 x 107 430371  .46819! .78889 | .77463] 14068| 14027 1.6189 16330
W2 HENREH g .02293 .02293! .02241) .02388] .02335| .02288 | .02334 | .02328
v, .405 .405 L417 .379 .394 .406 .394 395
%3 1T - W 646 .638 . 678 .599 .623 . 652 .625 .634
W mean 642 . 639 .638 .630
Y %%ﬁi*késvc qc .022%0 .02295( .02315| .02315] .02313} .02311 | .02329 | .02332
G P01
ﬂzi; 4w i, BEDHE, 7736 8435 14337 | 14078| 25540 25440 | 29595 29.895
= & BN ,
- B E PR B ) 214 3-56 5-33|  6-52 8-07 9-37 | 10-56 12-22
{]vfzb — B L b A e 3-06 6-13 8-52 11-39
5] N’
+ veo x N4 11045 11183 13254, 13630 146518| 16274 | 17275 17055
Z) IV . 10° 10° 190° 190°
T Wm R 069 -, -188 122 L 110
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1E
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s
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A BRI HEEBIES E 3 % LIKRIC L hEHH L7
- 30900%x003=927 9 27xN/y =E&EKENOROELES
TZWNe = 114 (EHEEELE)
Q DHP
2. q="rT_- = 1274x — -
pn® DS N3
3 Vv,=023328Ny 1-w = "1/
- 1 - i Vs
%A

4. LB HEBROTHE TEor0 T, BICHTHBIFIEEE L q - BBOIEED 1T %

T2
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Table App-4 Standard Triael Analysis

(Ballast Condition)

of wA» Maru

EE R U N OR | M C R
— - : ; :
Mok W m KR oH o L9 190° 10 q0®y ar 190% 1 qo 100 g5 337
Ell : :
i EE  vs(Kt) 11141g 17150 | 18343 18266 1525
B
WA 2 A E iz #N 10626 10626 1169 6 11707 9146
& .
5 57 (BHP) 22530 22900 30600 30.200 14880
P i % 5 7 864 864 951 952 746
= & B 53 DHP 21666 22036 29649 29.248 14134
N3 X 107¢8 11998 11998 16000 1.6045 L7686
%2 B & 5 B FE OH q .02300 .02340 .02361 .02322 .02343
v, . 402 .392 .386 L3964 .391
3 1 - W .581 .567 .574 .592 .548
Wmean 574 583 .548
éiﬁ?iﬁ&!ﬁk%?&?nﬁfﬂﬁ qc .02320 .02320 02342 | .02342 -02343
Bic
IE? 4 JR B {E E B /) DHP, 21846 21846 29418 29500 14134
M oE P H OB 5-06 6-02 6-59 7-53 /
iﬁﬁ !
‘ZEE — B fLE B B A 5-34 7-26 /
x , o
+ veo x N /% 17141 17.150 18343 18250 /
Z) PO
s s e 10° 190° /
% R I T 5 Loos coa7 PO
i /
e e e i i —10° 1 190%— /
2 At I S Vs e (Kt ) e . .035 063 |/
& Vs 17.160 172157 18308 18329 1525
iE
£k N 10626 10626 11696 11707 916
2
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BRI OAbRTER LB Lo
fiii
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Table App-5 & Cp -Analysis of «A» Maru (Full Load Condition)

7 Y Vo | # | MoxR
Vs ( Kt ) 10965 1 11260 13496 | 13456 16445 164041 17135 ; 1-“77.1"57;7'
w7 7ss0 | 7765 | 9240 | 91sa | 11205 11194 117421 11776
DHP 7736 | 8435 1455}"% 14078 | 25540 | 25440 | 29595 29895 |
Fy A0.1026 0.1o>54 01265 07259 01A559 01535 0.165_4_ 016_06
Ry X 107° 1963 2015 2416 2.408 2943 2934 3,067 3072 v
N x 107¢ 04304 0.4682 | 07889 | 07746 | 14068 14027 | 16189 1.655;7
7R 1030 1.030 1.029 1.029 1.021 1021 1.0 20 1.020
Kq, .02359 | .02364 | .02382 | .02382 | 0.2362| .02360 | .02376{ .02379
J 0.387 0386 0381 0.381 0.386 0387 0383 0.382
1 — Wy 0.622 0.621 0.608 0607 0.614 0.616 0.612 0612
1 — Wy 0.425 0.425 0.430 0.430 0.445 0445 0.450 0.450
1—Wo/ 1—wy 1463 1461 1414 1412 1.380 1384 13640 1.360
 * ¥ 1.462 1413 1382 1360
Krp 01895 | 01900 | 01920 0.1920 | 01898 | 01896 | 01912 | 01915 '
N2 5700 6030 8538 8435 | 12555 12530 | 13790 13867
1 — % 0.820 0.820 0.814 0814 | 0809 0809 0.811 0.811
EHP 5197 5660 9636 9491 16961 16870 19601 19773
v 1318 1428 2458 2436 | 4446 4414 5031 5052
Cpr X 10° 2.005 2016 1994 1981 | 1940 1944 1981 1991
o cwx10D? 0 0 .016 .016 111 .10; .178 . 181
a CFx103 1411 1406 1376 1377 | 1346 1346 1.339 1.339
;ﬁ (14K )cp x10° 1771 1765 1727 1728 | 1689 1689 1.680 1.680
g, ACF X103 0.234 0251 0.251 0.237 | 0.140 0144 0.125 0.130 H
§ f{ £ % B 0243 0.244 0.143 0127
DHP
1§ (1) Kg =1274X o Ly =30823m
Ko, = Kgq X 7g YV =188622n
(2) Vv, =023328XNJ 8§ = 20740n
1 — Ws = V, Vs K = 0255
(3) EHP = 0.5351XVsN? (1—t)KT (FN = 0t1ffifT CW = 0 & L,)
% TEEHL iR & tsg
(4) cT=0.7089x§~H%—?x1o*3 AE = 28T
k v=08858x10°%y/8
i
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Table 4.2.1 Characteristics of Doppler Sonar
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Table 4.2.2 Characteristics of Propeller Noise
Meezasurement Apparatus.
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Table 5.1 Toest Conditions
o N(r p.m.) Cr = PDEVM YTy
Ship(-85%W) 0.156 104.8 0ap1™ 255
sm‘.p(o) 0.138 255 o0 255
12M Mode1l 0.170 (T'%.'g') 0.455 14.2 »
8 0.161 10.35 0.441 167
aM 0.1 61 14.7 % 0449 14.3

LA

Fig. 511

Wake Distribution.

(4M Model,

with Propeller)

* from Trial Analysis
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Fig. 512
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