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ABSTRACTS 

The cooperative experimental program for resistance tests and flow 
measurements of model ships was proposed by the 16th International Tow -
ing Tank Conference (ITTC) and the results were reported at the 17th 
ITTC. 

Following this program, nine organizations in Japan including Ship Re-
search Institute performed the cooperative experiments on a Series 60 model 
(Cs=0.6) which is one of the four hulls used in the ITTC program. 
This report describes the experiments carried out at the Ship Research 

Institute, which include the resistance test, the wave profile measurement, 
the wave analysis, the viscous flow field measurement and the wake survey. 
The measuring procedures of each experiment are presented and the results 
are shown in figures and tables. 
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1. INTRODUCTION 

The cooperative experimental program for resistance tests and flow 

measurements of model ships was proposed by the 16th International 

Towing Tank Conference (ITTC) and the results were reported at the 

17th ITTC尺
Following this program, nine organizations in Japan, Ship Research 

Institute, Akishima Laboratories (Mitsui Zosen) Inc., Hiroshima Uni-

versity, Ishikawaj ima-Harima Heavy Industries Co., Ltd., Kyushu Uni-

versity, Nippon Kokan K. K., Sumitomo Heavy Industries Ltd., Universi-

ty of Tokyo and Yokohama National University, performed the coopera・ 

tive experiments on a Series 60 model (CB=0.6) which is one of the 

four hulls used in the ITTC program. 

This report describes the experiments which were carried out at 

the Ship Research Institute in the Japanese cooperative experiments. 

2. MODEL SHIP 

The model ship used in this experiment is Todd's Series 60 model 
(block coefficient CB=0.6), whose length is 7 meters. The model is 

made of wood. The 2mm-high st~ds are planted at S. S. 9 1/2 with 
interval of 10mm. Particulars of model ship are shown in Table 2. 1. 

Bodyplan is shown in Fig. 2. 1. Accuracy of manufacture of this model 

is presented in Table 2. 2. 

3. EXPERIMENT AL CONDITION 

In the experiments, the resistance test, the wave profile measure-

ment, the wave analysis, the wake survey and the viscous flow field 

measurement are carried out. Test conditions of each experiment are 

shown in Table 3. 1, where Fn is Froude number (=U/ J匹） （U is 
the ship speed and g is the gravitational acceleration.) and l=Lpp/2. 

In the wave analysis, several cases of the probe position are adopted 

in accordance with the location of probe at the other institutes parti-

cipating in this cooperative experiment. The water temperatur~ of each 
experiment is listed in Table 3. 2. 

4. MEASURING PltOCEDURES 

All experiments were made at the towing tank of the Ship Research 

Institute. Dimensions of the tank are shown in Table 4. 1. 
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4. 1 Resistance test 

The resistance test was carried out under the free condition. The 
range of Fn is 0.07-0.34 and its interval is 0.01. 

The speed relative to ground, the speed relative to water, the re-
sistance force and the dippings at both F. P. and A. P were measured. 

The speed of the towing carriage is used as the speed relative to ground. 

The speed relative to water was measured by the current meter of the 
blade-wheel type the dimensions of which are shown in Table 4. 2. The 

current meter was set 8.4m afore the F. P. and 2/3 draft below sill wa-

ter surface. The resistance force was measured by the resistance dy-

namometer of the strain gauge type which has the capacity of 20 kg and 

the accuracy of 0.05% of the full scale. The dippings were measured 

by the trim meter of the potentiometer type. 

At each speed, the location of measurements were from 20m before 

the center of the tank to 20m behind. 

Time interval between each run is set to be 15 minutes. 

4. 2 Wave profile measurements 

The wave profiles along the hull surface were measured by the pho-
tographs at Fn=0.18, 0.22, 0.25, 0.28, 0.30, 0.32 and 0.34. 

The horizontal and vertical scales were drawn on the model surface 

for this purpose. The photographs were taken by the three 35mm cam-
eras. 

4. 3 Wave analysis 

The wave analysis by the longitudinal cut method was carried out 

at the six speeds and the four measuring positions as listed in Table 
3. 1. The current meter was not used in this measurements. However, 

to investigate the effect of the current meter on the wave pattern re-

sistance, some measurements were made with the current meter attached 

on the towing carriage. 
The wave meter of the capacitance type is used to measure the wave 

height. Thg optical signal projector on the towing carriage and the re-

ceptor on the tank wall are used for the synchronization. The outputs 

from the wave meter and the synchronizing signal were recorded in the 
magnetic tapes. 

4. 4 Viscous flow field measurement 

Viscous flow field was measured using 5-hole Pitot tube. The 5-
hole Pitot tube is the NPL type(apex angle is 100 deg.)and its diame-
ter is 5 mm. The model ship was fixed to the towing carriage in order 
to assure the accuracy of measuring position. The Froude number was 
set to be O.18 in the measurement. 
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The positions of measurement are shown in Table 4. 3. The Pi tot 
probe is set 5mm apart from. the hull surface initially in each measure-
ment. The minimum interval of the measuring position is 5 mm, which 

is mainly used to measure the flow near the hull. This interval is 

changed suitably to 5 or 10 mm. 

4. 5 Wake survey 

Wake survey was carried out using a comb-type Pitot tubes. The 

diameter of the probe is 4mm. The ship speeds were set to be Fn= 

0.25 and Fn=0.30. The measurement section is assigne・d after 40% 

ship length from A. P.. Measured total head loss is integrated over the 

measurement section in order to get the viscous resistance. 

5. RESULTS 

5. 1 Resistance test 

The resistance coefficients are calculated from the measured data. 

No blockage correction is made. Speed relative to water is used in 

the calculation. 
The residual resistance coefficient CR (=R印½pU2S) is calculated 

by using the I. T. T. C. 1957 Ship Model Correlation Line. And the 
wave making resistance coefficient Cw  

1 (=Rw／百pU2S) is calculated 

by Schoenherr's friction line. The from factor K is determined by 

assuming the Cw  at Fn=0.01 to be zero. 
From the measured dippings dF and dA Cat F. P. and A:. P. respec-

ti vely), th e mean sinkage <f (= 

一
s) and the trim'l'( 2 =~t), where F記 Fn2

s=(dF +収）／2Lppand t=(dA _:_-dF) / Lpp, are calculated. 
The resistance curves and the trim and the sinkage curves are 

shown in Fig. 5. 1. 1 and 5. 1. 2, respectively. Also, the data are listed 

in Table 5. 1. 

5. 2 Wave profile measurements 

The wave heights along the hull surface are measured on the coordi-

nates fixed to the ship. By considering the dipping of the ship, the 

wave configurations relative to the still water plane are obtained. 
The wave profiles are shown in Fig. 5. 2. 1-5. 2. 7 and the data are 

listed in Table 5. 2. 1-5. 2. 7. 

5. 3 Wave analysis 

The Newman-Sharma method is used in the analysis. The amplitude 

functions for the measurements at y/1=1.0 are shown in Figs. 5. 3. 1-

5. 3. 6 and tabulated in Tables 5. ~- 1-5. 3. 6. The wave pattern resist-
ance coefficients Cwp C=Rwp／初炉S)are plotted in Fig. 5. 1. 1 and 
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shown in Table 5. 1. The comparisons of weighed amplitude functions 

of four measuring positions are shown in Figs. 5. 3. 7-5. 3. 12. The di£-

ferences due to the measuring position are little in both the amplitude 

functions and the wave pattern resistance coefficients listed in Table 

5. 3. 7. Also, little effect of the current meter on the wave pattern re-

sistance is observed in Figs. 5. 3. 13. and 5. 3. 14. The detailed discus-

sions of the wave analysis in the cooperative experiments are in ref-

erence 2). 

5. 4 Viscous flow field measurement 

Figs. 5. 4. 1-5. 4. 6 show the velocity distribution on the horizontal 

plane of z/l=-0.0008, -0.00125, -0.0025, -0.0050, -0.0075 and 

-0.0100, respectively. Near the waterplane around ship's stern, a "con-

cave" profile is obtained at a boundary layer edge. Since the position 

of this concave seems to coincide with a crest line of stern wave, this 

may be due to a wave effect. Boundary layer thickness becomes thin-

ner around the bottom of ship. 

Figs. 5-4. 7-5. 4. 11 show the velocity components on the cross sec-

tion of square station (S.S.) 1, S.S. 1/2, S.S. A. P., S.S. -1/2 and 

S.S. -1. The existence of longitudinal vortices is recognized from 

these figures. 

5-5 Wake survey 

Figs. 5. 5. 1 and 5. 5. 2 show the distributions of total head loss at 

Fn=0.25 and 0.30, respectively. Also, the data are presented in Table 

5. 5. 1 and 5. 5. 2. Near the free surface, a loss of total head is recog-

nized in case of Fn=0.25, which is not in case of Fn=0.30. This 

seems to be due to the interaction with stern waves. The lump of head 

loss exists around z/d=l.0. Figs. 5. 5. 3. and 5. 5. 4 show the sideward 

distribution of total head loss at Fn=0.25 and 0.30, respectively. 

Integrating the total head loss along y-axis, the depthwise distribu-

tion of integrated total head loss is obtained. Figs. 5. 5. 5 and 5. 5. 6 

are thus obtained at Fn=0.25 and 0.30. Total head loss concentrates 

near the free surface and around z/d= 1.0 as mentioned above. The vis-

cous drag is obtained by the integral of the depthwise distribution of 

the head loss. Fig. 5. 5. 7 shows the results of the separation of resist-

ance. Because the water temperature at the wake survey is different 

from that at the resistance test, The results of the resistance test are 

converted so that the Reynolds numbers are equal to those at the wake 

survey for a comparison. The viscous drag obtained by the integration 

of the total head loss agrees well with (1 + k) CFo whichis the vis-
cous resistance coefficient by the analysis of the resistance test. Total 

resistance obtained by the sum of the viscous resistance and wave pat-
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tern resistance agrees very well with the measured total resistance at 

the resistance test. 
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Table 2. 1 Particulars of model ship 

Length between perpendiculars LPP 

Breadth B 

Draft ・ d 

Displacement 

I wetted surface area : 

7 m 

0.9333 m 

0.3733 m 

1. 462 m3 

8. 3491 m2 

Table 2. 2 Accuracy of manufacture 

112 I 314 l 1 I 1 1121 2 3 J 4 J 5 I 6 
4 :-0.04310.0211 I 0.129i-0.043 0.021 -o.0431-0.021¥I -0.021. o.oo;I 

0.107 -0.021 0.171 0.064 0.064 0.021 0.107 0.193I 1 0.129 

7 1-0.0211 o.oool。.021 -0. 021 -0.021 0.000i : l0.021[ I '0.064! : I 0.107 I I 
0.043 0.000, 0.021¥ 0.043 -0.086 0.129: 0.043; 0.064 0.171 

L.W.L 1-o.1011-o.1011! -o.os4l! -o.1soi | 0.021 0.000I 'o.021, i o.os41 ! I 0.021 
i I I I -0.150 -0.171 -0.107 -0.171 -0.086 0.1711 0.021 0.086 0.171, 

4
 

7
 

lL. u.L 

7 8 8 l /2 ， 9 l /4 9 l /2 9 3/4 
0.107 0.000 0.064 PORT 

STARBOARD 

0.1931 I 0.150 0.086 

0.193 0.171 0.150, 

o. 150 l I o. 150 0.043i i I 

0.171 0.193 0.1711 

Accuracy= (y -y_l/(B/2l x 100, y = offset data 
m y_= measured data 

m 
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Table 3. 1 Test condition 

Resistance test Fn = 0.07 -0.34. 0.01 each 

Wave profile Fn = 0. 18, 0. 2~, 0. 25, 0. 28, 0. 30, 0. 32, 0. 34 

measurement (measured by photograph) 

Wave analysis Fn = 0.22, 0.25, 0.28, 0.30, 0.32, 0.34, 

y/1= 0.40, 0.70, 1.00, 1.4286 

Wake survey Fn = 0.25, 0.30, 0.4LPP aft from A.P. 

Viscous flow field Fn = o. 18, x/ 1 = O. 8, O. 9, 1. O, 1. 1, 1. 2 
measurement z/1 =-0.0125, -0.025, -0.05, -0.075. -0.010 

Fn=UI./碩涵 ， l=Lpp/2 

Table 3. 2 water temperature 

Resistance test 21.7, 21.5 < OC) 

Wave profile 21.5 

measurement 

Wave analysis 21. 8 

Wake survey 16.8, 16.6, 16.3 <Fn=0.25> 

--------・-・-・・ 15.8,15.6 (Fn=0. 30) 

Viscous flow field 11.8,11.6,11.4 

measurement 

Table 4. 1 Dimensions of the towing tank 

Length I 400 m 

Breadth I 18 m 

Water depth I 8 m 

Table 4. 2 Particulars of current meter 

Diameter 100.0 mm 

Boss ratio 0.200 

Pitch 106.2 mm 

Pitch ratio 1.062 

Blade No. 2 

Rake angle 0.000 deg 

Blade section Troost-8 

Table 4. 3 Position of measurement 

S.S. 1/2, A.P., -1/2, -1 

z/1 I -0.0125, -0.025, -0.05, -0.075, -0.l 

l=Lpp/2 



Table 5. 1 Results of resistance test 
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Table 5. 2. 1 Wave profiles along the hull at Fn=0.18 Table 5. 2. 2 Wave profiles along the hull at Fn=0.22 
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Table 5. 2. 3 Wave profiles along the hull at Fn=O. 25 
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Table 5. 2. 5 Wave profiles along the hull at Fn=0.30 Table 5. 2. 6 Wave profiles along the hull at Fn=0.32 
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Table 5. 2. 7 Wave profiles along the hull at Fn=0.34 
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Table 5. 3. 1 Amplitude functions for y/l=l.O at Fn=0.22 

TH S* c* 2*PI*A(TH)**2 u F(U) G(U) 

0.0 l.0192E-03 -.4312E-03 7.6944E-06 0.000 2.6465E-Ol -.1120E 00 
2.0 8.6553E-04 -.5547E-03 6.6401E-06 0.035 2.2428E-Ol -.1437E 00 
4.0 7.3223E-04 -.6395E-03 5.9382E-06 0.070 l.8853E-Ol -.1647E 00 
6.0 6.1846E-04 -.6983E-03 5.4668E-06 0.106 l.5756E-Ol -.1779E 00 
8.0 5.1818E-04 -.7400E-03 5.1274E-06 0.142 l.3008E-01 -.1858E 00 
10.0 4.2396E-04 -.7621E-03 4.7782E-06 0.179 l.0445E-Ol -.1877E 00 
12.0 3.2820E-04 -.7559E-03 4.2666E-06 0.217 7.9033E-02 -.1820E 00 
14.0 2.2106E-04 -.7096E-03 3.4712E-06 0.257 5.1832E-02 -.1664E 00 
16.0 8.8473E-05 -. 6114E-03 2.3982E-06 0.298 2.0124E-02 -.1391E 00 
18.0 -.8753E-04 -.4530E-03 1.3377E-06 0.342 -.1924E-Ol -.9960E-Ol 
20.0 -.3243E-03 -.2338E-03 l.0041E-06 0.387 -.6868E-01 -.4950E-Ol 
22.0 -,6289E-03 3.9812E-05 2.4947E-06 0.436 -.1279E 00 8.0941E-03 
24.0 -.9889E-03 3.6352E-04 6.9749E-06 0.487 -.1924E 00 7.0726E-02 
26.0 -.1378E-02 7.5112E-04 1.5482E-05 0.543 -.2558E 00 l.3941E-Ol 
28.0 -. 1786E-02 1.2295E-03 2.9538E-05 0.602 -.3153E 00 2.1705E-Ol 
30.0 -.2233E-02 l.7809E-03 5.1256E-05 0.667 -.3739E 00 2.9817E-Ol 
32.0 -.2703E-02 2.2739E-03 7.8389E-05 0.737 -.4280E 00 3.6005E-Ol 
34.0 -.3016E-02 2.5461E-03 9.7880E-05 0.814 -.4504E 00 3.8020E-Ol 
36.0 -.2942E-02 2.6386E-03 9.8110E-05 0.898 -.4131E 00 3.7058E-Ol 
38.0 -.2577E-02 2.6757E-03 8.6714E-05 0.991 -.3395E 00 3.5246E-Ol 
40.0 -.2146E-02 2.3651E-03 6.4090E-05 1.095 -.2644E 00 2.9139E-Ol 
42.0 -.1441E-02 l.4510E-03 2. 6272E-05 1.212 -.1656E 00 l.6674£-01 
44.0 -.6137E-03 2.1293E-04 2.6516E-06 1.342 -.6559E-Ol 2.2755E-02 
46.0 -.3179E-04 -.1252E-02 9.8584E-06 1. 491 -.3149E-02 -.1241E 00 
48.0 l.7558E-06 -.2254E-02 3.1920E-05 1.660 1.6078E-04 -.2064E 00 
50.0 -.5331E-03 -.2529E-02 4.1977E-05 1.854 -,4496E-Ol -.2133E 00 
52.0 -.1096E-02 -.9820E-03 l.3608E-05 2.079 -.8483E-Ol -.7600E-Ol 
54.0 -.7160E-03 l.1807E-03 l.1981E-05 2.342 -.5064E-Ol 8.3516E-02 
56.0 5. 7200E-04 2.4204E-03 3.8865E-05 2.651 3.6813E-02 l.5577E-Ol 
58.0 l.2747E-03 8.3947E-04 1.4637E-05 3.020 7.4276E-02 4.8917E-02 
60.0 -.5650E-03 -.1558E-02 1.7251E-05 3.464 -.2964E-Ol -.8173E-Ol 
62.0 -.1709E-02 -. 2272E-03 1.8669E-05 4.006 -.8021E-Ol -.1067E-Ol 
64.0 l.6797E-03 -.2119E-03 1.8009E-05 4.677 7.0033E-02 -.8834E-02 

66.0 -.1479E-02 -.1035E-02 2.0473E-05 5.522 -.5431E-Ol -.3800E-Ol 

68.0 l.6192E-03 l.1467E-03 2.4736E-05 6.606 5.1846E-02 3.6715E-02 

70.0 -.1211E-02 6.4636E-04 1.1846E-05 8.032 -.3342E-Ol l.7831E-02 
72.0 -.2340E-03 -.2878E-03 8.6457E-07 9.958 -.5481E-02 -.6742E-02 

74.0 -.2818E-03 2.2997E-04 8.3139E-07 12.650 -.5506E-02 4.4923E-03 

76.0 2.0502E-04 3.0234E-06 2.6416E-07 16.576 3.2635E-03 4.8126E-05 
78.0 -.1692E-03 -.9661E-04 2.3845E-07 22.623 -.2129E-02 -.1216E-02 

80.0 -.3890E-04 -.2735E-03 4.7952E-07 32.650 -.3711E-03 -.2610E-02 

82.0 9.7408E-06 4.8676E-05 1.5483E-08 51. 107 6.6326£-05 3.3144E-0・1 
84.0 -.3950E-04 2.3192E-05 1.3184E-08 90.975 -.1744E-03 l.0236E-04 
86.0 -.2316E-04 5.2967E-05 2.0989E-08 204.845 -.5556E-04 l.2709E-04 

88.0 -.3141E-05 -.4646E-05 l.9794E-10 819.195 -.2664E-05 -.3940E-05 
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Table 5. 3. 2 Amplitude functions for y/1=1.0 at Fn=0.25 

TH S* C* 2*PI*A(TH)＊＊2 u F(U) G(U) 

0.0 -.2062E-02 -.1220E-02 3.6053E-05 0.000 -.4144E 00 -.2451E 00 
2.0 -.2081E-02 -.9170E-03 3.2498E-05 0.035 -.4174E 00 -.1839E 00 
4.0 -.2083E-02 -.6655E-03 3.0043E-05 0.070 -.4151E 00 -.1326E 00 
6.0 -.2069E-02 -.4625E-03 2.8240E-05 0.106 -.4080E 00 -.9120E-Ol 
8.0 -.2046E-02 -.3026E-03 2.6865E-05 0.142 -.3974E 00 -.5879E-Ol 
10.0 -.2007E-02 -.1869E-03 2.5534E-05 0.179 -.3827E 00 -.3563E-Ol 
12.0 -.1942E-02 -.1227E-03 2.3800E-05 0.217 -.3620E 00 -.2288E-Ol 
14.0 -.1836E-02 -.1187E-03 2.1260E-05 0.257 -.3331E 00 -.2154E-Ol 
16.0 -.1669E-02 -.1804E-03 l.7705E-05 0.298 -.2938E 00 -.3175E-Ol 
18.0 -.1424E-02 -.3063E-03 l.3324E-05 0.342 -.2423E 00 -.5213E-Ol 
20.0 -.1086E-02 -.4853E-03 8.8908E-06 0.387 -.1780E 00 -.7955E-Ol 
22.0 -.6542E-03 -.6966E-03 5.7377E-06 0.436 -.1029E 00 -.1096E 00 
24.0 -.1445E-03 -.9148E-03 5.3892E-06 0.487 -.2176E-Ol -.1378E 00 
26.0 4. 0717E-04 -.1 ll 7E-02 8.8857E-06 0.543 5.8493E-02 -.1605E 00 
28.0 9.5031E-04 -.1288E-02 1.6094E-05 0.602 1.2985E-Ol -.1760E 00 
30.0 1.4246E-03 -.1412E-02 2.5277E-05 0.667 1.8462E-Ol -.1830E 00 
32.0 l.7604E-03 -.1475E-02 3.3143E-05 0.737 2.1574E-Ol -.1808E 00 
34.0 1. 8897E-03 -.1468E-02 3.5978E-05 0.814 2.1840E-Ol -.1697E 00 
36.0 1.7788E-03 -.1375E-02 3.1754E-05 0.898 l.9336E-Ol -.1494E 00 
38.0 1.4220E-03 -.1130E-02 2.0732E-05 0.991 1.4498E-Ol -.1152E 00 
40.0 7.8221E-04 -.6703E-03 6.6675E-06 1.095 7.4591E-02 -.6392E-Ol 
42.0 -.1019E-03 -.2445E-04 6.9027E-08 1.212 -.9065E-02 -.2175E-02 
44.0 -.1056E-02 9.0642E-04 1.2169E-05 1. 342 -.8735E-01 7.4973E-02 
46.0 -.2140E-02 2.1427E-03 5.7629E-05 1.491 -.1641E 00 1.6432E-Ol 
48.0 -.2840E-02 3.1046E-03 1. 1123E-04 1.660 -.2013E 00 2.2004E-Ol 
50.0 -.2533E-02 4.0808E-03 l.4495E-04 1.854 -.1654E 00 2.6638E-Ol 
52.0 -.2072E-02 4.0558E-03 1.3032E-04 2.079 -.1241E 00 2.4294E-Ol 
54.0 -.5575E-03 2.5508E-03 4.2835E-05 2.342 -.3052E-Ol l.3965E-Ol 
56.0 l.0455E-04 -.7691E-05 6.9046E-08 2.651 5.2078E-03 -.3831E-03 
58.0 -.2996E-03 -.2160E-02 2.9873E-05 3.020 -.1351E-Ol -.9741E-Ol 
60.0 -.1535E-02 -.1938E-02 3.8395E-05 3.464 -.6232E-Ol -.7870E-Ol 
62.0 -.6206E-03 6. 5211E-04 5.0920E-06 4.006 -.2255E-Ol 2.3693E-02 
64.0 2.4734E-03 1.2112E-03 4.7657E-05 4.677 7.9819E-02 3.9087E-02 
66.0 l.8122E-04 -.1086E-02 7.6131E-06 5.522 5.1505E-03 -. 3086E-Ol 
68.0 -.1296E-02 2.0952E-03 3.8133E-05 6.606 -. 32 llE-01 5.1924E-02 
70.0 -.8403E-03 -.2063E-02 3.1185E-05 8.032 -.1794E-Ol -.4406E-Ol 
72.0 1.8986E-03 -.1308E-04 2.2649E-05 9.958 3.4422E-02 -.2371E-03 
74.0 3.9221E-04 -.1440E-03 1.0968E-06 12.650 5.9299E-03 -.2177E-02 
76.0 8.8191E-04 -.2996E-05 4.8870E-06 16.576 l.0865E-02 -.3691E-04 
78.0 -.1582E-03 8.2323E-05 1.9987E-07 22.623 -.1541E-02 8.0177E-04 
80.0 l.6976E-04 -.8495E-04 2.2642E-07 32.650 1.2536E-03 -.6274E-03 
82.0 -.1071E-05 2.0813E-04 2.7219E-07 51.107 -.5642E-05 1.0969E-03 
84.0 -.5490E-04 l.7561E-04 2.1270E-07 90.975 -.1875E-03 5.9992E-04 
86.0 9.0462E-05 l.2279E-05 5.2368E-08 204.845 1.6800E-04 2.2803E-05 
88.0 l.4774E-05 -.4698E-04 1.5252E-08 819.195 9.6973E-06 -.3084E-04 
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Table 5. 3. 3 Amplitude functions for y/1==1.0 at Fn=0.28 

TH S* C* 2*PI*ACTH)**2 u F(U) GCU) 
0.0 -.5837E-02 -.2469E-03 2.1444E-04 0.000 -.9356E 00 -.3958E-Ol 
2.0 -.5630E-02 1.7318E-04 I.9937E-04 0.035 -.9006E 00 2.7702E-02 
4.0 -.5492E-02 5.3065E-04 1.9129E-04 0.070 -.8729E 00 8.4342E-02 
6.0 -.5416E-02 8.3381E-04 1.8870E-04 0.106 -.8518E 00 1.3113E-Ol 
8.0 -.5413E-02 l.1114E-03 1. 9184E-04 0.142 -.8388E 00 I. 7223E-OI 
10.0 -.5479E-02 l.3801E-03 2.0056E-04 0.179 -.8332E 00 2.0988E-Ol 
12.0 -.5606E-02 l.6426E-03 2.1443E-04 0.217 -.8333E 00 2.4416E-Ol 
14.0 -.5786E-02 l.8929E-03 2.3285E-04 0.257 -.8374E 00 2.7398E-Ol 
16.0 -.6006E-02 2.1202E-03 2.5486E-04 0.298 -.8432E 00 2.9769E-Ol 
18.0 -.6249E-02 2.3100E-03 2.7885E-04 0.342 -.8480E 00 3.1351E-Ol 
20.0 -.6490E-02 2.4464E-03 3.0228E-04 0.387 -.8485E 00 3.1981E-Ol 
22.0 -.6695E-02 2.SlSSE-03 3. 2141E-04 0.436 -.8403E 00 3.1570E-Ol 
24.0 -.6815E-02 2.5117E-03 3. 3146E-04 0.487 -.8185E 00 3.0166E-Ol 
26.0 -.6792E-02 2.4461E-03 3.2743E-04 0.543 -.7782E 00 2.8026E-Ol 
28.0 -.6570E-02 2.3526E-03 3.0603E-04 0.602 -.7160E 00 2.5638E-Ol 
30.0 -.6121E-02 2.2822E-03 2.6815E-04 0.667 -.6326E 00 2.3587E-Ol 
32.0 -.5461E-02 2. 2 7 3 3 E-0 3.2. 1 9 8 6 E-0 4 0.737 -.5338E 00 2.2220E-Ol 
34.0 -.4651E-02 2.3026E-03 1.6926E-04 0.814 -.4288E 00 2.1225E-Ol 
36.0 -.3747E-02 2.2570E-03 l.2024E-04 0.898 -.3249E 00 l.9567E-Ol 
38.0 -.2740E-02 l.9940E-03 7.2155E-05 0.991 -.2228E 00 l.6214E-Ol 
40.0 -.1594E-02 1.4810E-03 2.9750E-05 1.095 -.1213E 00 l.1263E-Ol 
42.0 -.4077E-03 8.3889E-04 5.4659E-06 1. 212 -.2892E-Ol 5.9507E-02 
44.0 5.6188E-04 l.6761E-04 2.1602E-06 1. 342 3.7066E-02 1. 1057E-02 
46.0 l.1584E-03 -.5444E-03 1.0293E-05 1.491 7.0848E-02 -.3330E-Ol 
48.0 1.3388E-03 -.1200E-02 2.0315E-05 1. 660 7. 5677E-02 -.6785E-Ol 
50.0 8.4236E-04 -.1633E-02 2.1219E-05 1.854 4.3855E-02 -.8503E-Ol 
52.0 -.3361E-03 -.1561E-02 1.6023E-05 2.079 -.1605E-Ol -.7458E-Ol 
54.0 -.1668E-02 -.3798E-03 l.8379E-05 2.342 -.7281E-Ol -.1659E-Ol 
56.0 -.2487E-OZ 1.4613E-03 5.2290E-05 2.651 -.9882E-Ol 5.8054E-02 
58.0 -.1915E-02 3.6015E-03 1.0455E-04 3.020 -.6889E-Ol l.2955E-Ol 
60.0 3.3034E-05 4.3796E-03 1.2052E-04 3.464 l,0699E-03 l.4184E-Ol 
62.0 l.2250E-03 2.0422E-03 3.5634E-05 4.006 3,5498E-02 5.9177EE--02 
64.0 -.1165E-03 -.1854E-02 2.1676E-05 4.677 -.2998E-02 -.4771 01 

66.0 -.2621E-02 -. 8771E-03 4.7985E-05 5.522 -.5940E-Ol -.1988E-Ol 

68.0 1. 7118E-03 5.9250E-04 2.0616E-05 6.606 3.3833E-02 1. l 711E-02 

70.0 -.7413E-03 -.2427E-02 4.0475E-05 8.032 -.1262E-Ol -.4134E-Ol 

72.0 l.2786E-03 l.2698E-03 2.0403E-05 9.958 l,8489E-02 l.8361E-02 

74.0 8.4201E-05 l.8778E-03 2.2199E-05 12.650 1. 0153E-03 2.2643E-02 

76.0 -.5103E-03 9,1828E-04 6.9344E-06 16.576 -.5014E-02 9.0231E-03 

78.0 4.5235E-04 -.1503E-04 1.2871E-06 22.623 3.5137E-03 -.1168E-03 
80.0 -.6216E-04 9.1271E-05 7.6620E-08 32.650 -.3661E-03 5.3757E-04 

82.0 3.0709E-05 l.9861E-06 5.9498E-09 51.107 l.2908E-04 8.3480E-06 

84.0 3.6850E-05 -.3232E-04 l.5095E-08 90.975 1.0040E-04 -.8806E-04 

86.0 l.3916E-05 -.2020E-04 3.7791E-09 204.845 2.0611E-05 -.2991E-04 

88.0 3.0263E-05 7.8550E-06 6.1421E-09 819.195 l.5843E-05 4.1122E-06 
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Table 5. 3. 4 Amplitude functions for y/l=l.O at Fn=0.30 

TH S* c* 2*P1*ACTH)**2 u F(U) G(U) 

0.0 -.4691E-02 9.9978E-04 1.4454E-04 0.000 -.6548E 00 l.3957E-Ol 
2.0 -.4477E-02 l.1235E-03 l.3388E-04 0.035 -.6237E 00 1.5651E-Ol 
4.0 -.4361E-02 l.2240E-03 1.2889E-04 0.070 -.6036E 00 1.6942E-Ol 
6.0 -.4330E-02 l.3056E-03 l.2853E-04 0.106 -.5931E 00 l.7882E-Ol 
8.0 -.4387E-02 l.3913E-03 l.3307E-04 0.142 -.5920E 00 1.8776E-Ol 
10.0 -.4525E-02 1.4971E-03 l.4276E-04 0.179 -.5993E 00 l.9828E-Ol 
12.0 -.4740E-02 1.6303E-03 l.5787E-04 0.217 -.6136E 00 2.1104E-Ol 
14.0 -.5024E-02 1.7921E-03 1.7880E-04 0.257 -.6333E 00 2.2590E-Ol 
16.0 -.5373E-02 l.9812E-03 2.0603E-04 0.298 -.6569E 00 2.4225E-Ol 
18.0 -.5778E-02 2.1939E-03 2.4003E-04 0.342 -.6829E 00 2.5929E-Ol 
20.0 -.6234E-02 2.4243E-03 2.8110E-04 0.387 -.7097E 00 2.7599E-Ol 
22.0 -.6730E-02 2.6638E-03 3.2913E-04 0.436 -.7355E 00 2.9114E-Ol 
24.0 -.7252E-02 2.8999E-03 3.8326E-04 0.487 -.7585E 00 3.0330E-Ol 
26.0 -.7779E-02 3.1157E-03 4.4124E-04 0.543 -.7762E 00 3.1088E-Ol 
28.0 -.8279E-02 3.2925E-03 4.9875E-04 0.602 -.7857E 00 3.1248E-Ol 
30.0 -.8698E-02 3.4165E-03 5.4870E-04 0.667 -.7829E 00 3.0750E-Ol 
32.0 -.8967E-02 3.4914E-03 5.8181E-04 0.737 -.7633E 00 2.9719E-Ol 
34.0 -.9011E-02 3.5516E-03 5.8943E-04 0.814 -.7234E 00 2. 85 llE-01 
36.0 -.8782E-02 3.6561E-03 5.6855E-04 0.898 -.6630E 00 2.7603E-Ol 
38.0 -.8292E-02 3.8391E-03 5.2457E-04 0.991 -.5871E 00 2.7186E-Ol 
40.0 -.7595E-02 4.0224E-03 4.6406E-04 1.095 -.5030E 00 2.6642E-Ol 
42.0 -.6686E-02 3.9761E-03 3.8019E-04 1.212 -.4130E 00 2.4562E-Ol 
44.0 -.5409E-02 3.4675E-03 2.5941E-04 1.342 -.3108E 00 1.9921E-Ol 
46.0 -.3631E-02 2.5448E-03 l.2351E-04 1. 491 -.1934E 00 l.3555E-Ol 
48.0 -.1659E-02 l.4938E-03 3.1305E-05 1.660 -.8165E-Ol 7.3534E-02 
50.0 -.1612E-03 2.7021E-04 6.2212£-07 1.854 -.7311E-02 1.2251E-02 
52.0 7.3488E-04 -.1439E-02 1.6408E-05 2.079 3.0574E-02 -.5988E-Ol 
54.0 l.2059E-03 -.2971E-02 6.4595E-05 2.342 4.5851E-02 ・-.1130E 00 
56.0 5. 1417E-04 -.3190E-02 6.5613E-05 2.651 1.7789E-02 -.1104E 00 
58.0 -.9337E-03 -.1952E-02 2.9420E-05 3.020 -.2925E-Ol -.6115E-Ol 
60.0 -.1582E-02 1.2285E-03 2.5207E-05 3.464 -.4462E-Ol 3.4650E-02 
62.0 -.4862E-03 4.0448E-03 1.0428E-04 4.006 -.1227E-Ol l.0207E-Ol 
64.0 1.5786E-03 3.3802E-03 8.7447E-05 4.677 3.5383E-02 7.5763E-02 
66.0 2.3532E-04 -.7998E-03 4.3674E-06 5.522 4.6452E-03 -.1579E-Ol 
68.0 -.3053E-02 -.8500E-03 6.3104E-05 6.606 -.5255E-Ol -.1463E-Ol 
70.0 l.5039E-03 -.5570E-03 1.6160E-05 8.032 2.2303E-02 -.8261E-02 
72.0 -.1600E-02 -.1478E-02 2.9802E-05 9.958 -.2014E-Ol -.1861E-Ol 
74.0 8.4506E-04 3.6345E-04 5.3170E-06 12.650 8.8740E-03 3.8166E-03 
76.0 -.1915E-03 3.2894E-04 9.1034E-07 16.576 -.1639E-02 2. 8148E-03 
78.0 6.2419E-04 -.3206E-03 3.0938E-06 22.623 4.2224E-03 -.2169E-02 
80.0 1.8345E-04 6.6992E-05 2.3964E-07 32.650 9.4094E-04 3.4362E-04 
82.0 -.8910E-04 8.6831E-06 5.0353E-08 51. 107 -.3261E-03 3.1784E-05 
8,1. 0 -.1280E-03 -.5121E-04 1.1939E-07 90.975 -.3037E-03 -.1215E-03 
86.0 -.2855E-04 5.6902E-05 2.5469E-08 204.845 -.3682E-04 7.3396E-05 
88.0 3.3331E-06 1.9378E-05 2.4291E-09 819.195 1.5196E-06 8.8343E-06 
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Table 5. 3. 5 Amplitude functions for y/1=1.0 at Fn=0.32 

TH S* C* 2*PI*A(TH)＊＊2 u FCU) G(U) 
0.0 -.3416E-03 1.5935E-03 l.6687E-05 0.000 -.4194E-Ol l.9561E-Ol 
2.0 -.2857E-03 1. 3974E-03 l,2783E-05 0.035 -.3500E-Ol 1. 7118E-Ol 
4.0 -.2956E-03 1. 2221E-03 9.9323E-06 0.070 -.3597E-Ol l.4874E-Ol 
6.0 -.3709E-03 l.0694E-03 8.0SOOE-06 0.106 -.4467E-Ol 1.2879E-Ol 
8.0 -.5088E-03 9,4797E-04 7.2730E-06 0.142 -.6038E-Ol l.1250E-Ol 
10.0 -.7078E-03 8.6452E-04 7,8439E-06 0.179 -.8243E-Ol l.0068E-Ol 
12.0 -.9697E-03 8.2430E-04 1. 0177E-05 0.217 -.1104E 00 9.3833E-02 
14.0 -.1298E-02 8.3198E-04 l,4943E-05 0.257 -.1439E 00 9.2217E-02 
16.0 -.1700E-02 8.9181E-04 2.3156E-05 0.298 -.1828E 00 9.5891E-02 
18.0 -.2181E-02 1. 0072E-03 3.6263E-05 0.342 -.2267E 00 1. 0468E-Ol 
20.0 -.2749E-02 1. l 796E-03 5.6224E-05 0.387 -.2752E 00 l.1810E-Ol 
22. 0 -. 3411E-02 l.4077E-03 8.5541E-05 0.436 -.3278E 00 1.3529E-Ol 
24.0 -.4171E-02 l.6848E-03 l.2716E-04 0.487 -.3836E 00 l.5496E-Ol 
26.0 -.5031E-02 1.9978E-03 1. 8412E-04 0.543 -.4414E 00 1.7528E-Ol 
28.0 -.5980E-02 2.3255E-03 2.5870E-04 0.602 -.4991E 00 1. 9407E-Ol 
30.0 -.6992E-02 2. 6411E-03 3.5103E-04 0.667 -.5534E 00 2.0904E-Ol 
32.0 -.8015E-02 2.9194E-03 4. 5717E-04 0.737 -.5999E 00 2.1852E-Ol 
34.0 -.8969E-02 3.1513E-03 5.6782E-04 0.814 -.6331E 00 2.2245E-Ol 
36.0 -.9758E-02 3.3610E-03 6.6923E-04 0.898 -,6478E 00 2.2314E-Ol 
38.0 -.1030E-Ol 3.6096E-03 7.4815E-04 0.991 -.6412E 00 2.2477E-Ol 
40.0 -.1055E-Ol 3.9568E-03 7.9806E-04 1.095 -.6146E 00 2.3045E-Ol 
42.0 -.1053E-Ol 4.3754E-03 8.1684E-04 1.212 -.5720E 00 2.3768E-Ol 
44.0 -.1018E-Ol 4.6847E-03 7.8907E-04 1.342 -.5143E 00 2.3666E-Ol 
46.0 -.9292E-02 4.6441E-03 6.7797E-04 1.491 -.4352E 00 2.1752E-Ol 
48.0 -.7598E-02 4.2116E-03 4,7414E-04 1.660 -.3289E 00 l.8231E-Ol 
50.0 -.5228E-02 3.5648E-03 2.5156E-04 1.854 -.2084E 00 l.4213E-Ol 
52.0 -.2800E-02 2.5532E-03 9.0212E-05 2.079 -.1024E 00 9.3408E-02 
54.0 -.6088E-03 5.8593E-04 4.4861E-06 2.342 -.2036E-01 l.9591E-02 
56.0 1.2782E-03 -.2034E-02 3.6251E-05 2.651 3.8888E-02 -.6187E-Ol 
58.0 1. 6080E-03 -.3932E-02 l,1338E-04 3.020 4.4293E-02 -.1083E 00 
60.0 2.0363E-04 -.4239E-02 l.1314E-04 3.464 5.0505E-03 -.1051E 00 
62.0 -.1203E-02 -.1477E-02 2.2788E-05 4.006 -.2669E-Ol -.3276E-Ol 
64.0 -.2817E-03 3.3311E-03 7.0218E-05 4.677 -.5552E-02 6.5655E-02 
66.0 3.2184E-03 3.2173E-03 1.3012E-04 5.522 5.5867E-02 5.5848E-02 
68.0 1.0066E-03 -.1083E-03 6.4401E-06 6.606 1.5236E-02 -.1640E-02 
70.0 -.2679E-02 5.1039E-04 4.6747E-05 8.032 -.3494E-Ol 6.6559E-03 

72.0 3.0250E-04 -.1308E-02 l.1329E-05 9.958 3.3497E-03 -.1449E-Ol 
74.0 -.1025E-02 l.0961E-03 l.4147E-05 12.650 -.9463E-02 l.0121E-02 
76.0 -.6212E-03 -.6751E-03 5.2884E-06 16.576 -.4675E-02 -.SOSOE-02 
78.0 -.1040E-03 1. 6813E-04 2.4551E-07 22.623 -.6183E-03 1.000lE-03 

80.0 -.1579E-03 -.2916E-03 6.9073E-07 32.650 -.7122E-03 -.1315E-02 
82.0 -.3914E-04 4.3117E-05 2.1305E-08 51.107 -.1260E-03 l.3879E-04 

84. 0 -. 1525E-04 -.1271E-03 l.0298E-07 90.975 -.3182E-04 -.2652E-03 
86.0 -.3890E-05 6.0403E-05 2.3020E-08 204.845 -.4412E-05 6.8512E-05 
88.0 -. 1460E-04 3.3914E-06 1. 4119E-09 819.195 -.5854E-05 1.3596E-06 
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Table 5. 3. 6 Amplitude functions for y/1=1.0 at Fn=0.34 

TH S* C* 2*PI*A(TH)＊＊2 u FCU) GCU) 

0.0 4.3627E-03 l.6060E-03 1.3580E-04 0.000 4.7427E-Ol 1.7459E-Ol 
2.0 4.2838E-03 l.2467E-03 1.2507E-04 0.035 4.6470E-Ol 1.3523E-Ol 
4.0 4.1897E-03 9.2134E-04 1.1563E-04 0.070 4.5160E-Ol 9.9310E-02 
6.0 4.0648E-03 6.3613E-04 1.0636E-04 0.106 4.3352E-Ol 6.7845E-02 
8.0 3.9116E-03 3.8978E-04 9.7093E-05 0.142 4.llOSE-01 4.0962E-02 
10.0 3.7292E-03 1.8029E-04 8.7582E-05 0.179 3. 8460E-Ol 1. 8594E-02 
12.0 3.5107E-03 8.8774E-06 7.7440E-05 0.217 3.5391E-Ol 8.9492E-04 
14.0 3.2454E-03 -.1204E-03 6.6269E-05 0.257 3.1856E-Ol -.1181E-Ol 
16.0 2.9197E-03 -.2019E-03 5.3816E-05 0.298 2.7801E-Ol -.1922E-Ol 
18.0 2.5179E-03 -.2303E-03 4.0169E-05 0.342 2.3175E-Ol -.2119E-Ol 
20.0 2.0234E-03 -.2017E-03 2.5980E-05 0.387 l.7939E-Ol -.1788E-Ol 
22. 0 1. 4188E-03 -. 1147E-03 1. 2731E-05 0.436 1.2076E-Ol -.9761E-02 
24.0 6.8812E-04 2.8617E-05 2.9803E-06 0.487 5.6046E-02 2.3308E-03 
26.0 -.1812E-03 2.2223E-04 5.1667E-07 0.543 -.1408E-Ol 1.7267E-02 
28.0 -.1196E-02 4.5641E-04 1.0292E-05 0.602 -.8837E-Ol 3.3731E-02 
30.0 -.2352E-02 7.1871E-04 3.SOlOE-05 0.667 -.1649E 00 5.0375E-02 
32.0 -.3635E-02 9.9606E-04 8.9252E-05 0.737 -.2409E 00 6.6025E-02 
34.0 -.SOllE-02 1.2782E-03 1.6807E-04 0.814 -.3133E 00 7.9906E-02 
36.0 -.6430E-02 l.5629E-03 2.7511E-04 0.898 -.3780E 00 9,1887E-02 
38.0 -.7816E-02 1.8631E-03 4.0565E-04 0.991 -.4310E 00 1.0274E-Ol 
40.0 -.9077E-02 2.2158E-03 5.4855E-04 1.095 -.4682E 00 1.1429E-Ol 
42.0 -.1012E-Ol 2.6825E-03 6.8812E-04 1.212 -.4866E 00 1.290SE-Ol 
44.0 -.1085E-Ol 3.3223E-03 8.0897E-04 1.342. -.4854E 00 l.4863E-Ol 
46.0 -.1122E-Ol 4.1172E-03 8.9775E-04 1. 491 -. 4655E 00 1. 7078E-Ol 
48.0 -.1114E-Ol 4.8837E-03 9.2934E-04 1.660 -.4270E 00 1,8721E-Ol 
50.0 -.1036E-Ol 5.3044E-03 8.5075E-04 1. 854 -. 3657E 00 1. 8728E-Ol 
52.0 -.8533E-02 5.1846E-03 6.2637E-04 2.079 -.2765E 00 1.6798E-Ol 
54.0 -.5653E-02 4.6029E-03 3.3391E-04 2.342 -.1674E 00 1.3630E-Ol 
56. 0 -. 2432E-02 3. 3418E-03 1. 0732E-04 2.651 -.6551E-Ol 9.0036E-02 
58. 0 1. 9028E-04 5. 0977E-04 1. 8603E-06 3.020 4.6417E-03 1.2435E-02 
60.0 1.5132E-03 -.3355E-02 8.5099E-05 3.464 3.3236E-02 -.7368E-Ol 
62. 0 5. 4378E-04 -. 5325E-02 l. SOOOE-04 4.006 l.0686E-02 -.1046E 00 
64.0 -.2097E-02 -.3698E-02 1.1354E-04 4.677 -.3660E-Ol -.6454E-Ol 
66. 0 -. 3275E-03 1. 7695E-03 2. 0348E-05 5. 522 -. 5034E-02 2. 7202E-02 
68.0 4.8316E-03 2.1039E-03 l.7449E-04 6.606 6.4762E-02 2.8201E-02 
70.0 1.4516E-03 -.3617E-03 1.4062E-05 8.032 1.6764E-02 -.4178E-02 
72.0 -.7843E-03 l.6019E-03 l.9988E-05 9. 958 -. 7691E-02 1. 5709E-02 
74.0 -.6170E-03 l.2665E-03 l.2471E-.0゚5 12.650 -.504SE-02 1.0357E-02 
76.0 -.5260E-03 9.6414E-04 7.5793E-6 16.576 -.3505E-02 6.4248E-03 
78.0 -.4429E-03 3.9415E-04 2.2085E-06 22.623 -.2333E-02 2.0763E-03 
80. o 4. 8443E-04 -. 2687E-03 1. 9283E-06 32.650 1.9350E-03 -.1073E-02 
82. 0 2. 8297E-06 5. 0907E-04 1. 6284E-06 51.107 8.0662E-06 1.4511E-03 
84.0 -.8596E-04 3,7707E-04 9.3981E-07 90.975 -.1588E-03 6.9672E-04 
86.0 2.3318E-04 -.2141E-03 6.2974E-07 204.845 2.3422E-04 -.2151E-03 
88.0 8.7720E-05 -.1040E-03 1.1629E-07 819.195 3.1143E-05 -.3693E-04 
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Table 5. 3. 7 W ave pattern resistance coefficients 

y/l 
current 
meter 

0.22 

0.25 

0.28 

0.30 

0.32 

0.34 

0.4_1息

without I wi 

0.17814 0. 

0.23152 o. 

1.04893 1. 

1.65420 1. 

1. 66931 1. 

1.73559 1. 

7 -1.-・ • " 0 --

thqut without 

- - F -』-•一• ----

18101 0.18246 

22819 0.23625 

03219 1.04391 

62851 1.64609 

64478 1.65834 

70631 1.69333 

1.0 

with 

3 
Cwp(S base) *10 

1. 4286 1.4286 
■ ← ••ー・

without with 

---------~ -.・~ --

0.17935 

0.22886 0.22725 0.23630 

1. 02450 

1.58755 1. 68505 1.57617 

1.74620 

1.74376 1.70895 1. 67670 



Table 5. 5. 1 Total head loss distribution at Fn=0.25 

TOTAL HEAD LOSS DITRIBUTION AT FN=0.25 
CNONDIM. BY UNIFORM FLOW HEAD> 

Y/CB/2) 0.0 0.0429 0.0858 0.1287 0.1716 0.2145 0.2574 0.3003 0.3432 0.3861 0.4290 0.4719 0.5148 0.5577 

Z/D 
0.0 0.3940 0.3790 0.3370 0.3190 0.3040 0.2990 0.2800 0.2590 0.2590 0.2690 0.2680 0.2750 0.2830 0.2770 

0.0670 0.3490 0.3430 0.3150 0.2850 0.2390 0.2170 0.1850 0.1750 0.1760 0.1830 0.2040 0.2110 0.2120 0.1880 

0.1340 0.3240 0.3240 0.3000 0.2550 0.1940 0.1770 0.1470 0.1370 0.1300 0.1260 0.1380 0.1440 0.1340 0.1040 

0.2010 0.2860 0.2860 0.2590 0.2100 0.1480 0.1420 0.1210 0.1120 0.0920 0.0790 0.0720 0.0650 0.0490 0.0340 

o. 2680 0.2590 0.2490 0.2110 0.1670 0.1190 0.1150 0.1040 0.0980 0.0720 0.0540 0.0410 0.0310 0.0070 0.0 
0.3350 0.2170 0.2020 0.1460 0.1120 0.0790 0.0760 0.0690 0.0660 0.0450 0.0300 0.0180 0.0090 0.0 0.0 

0.4020 0.1810 0.1670 0.1000 0.0700 0.0480 0.0400 0.0360 0.0290 0.0220 0.0140 0.0050 0.0 0.0 0.0 

0.4690 0.1550 0.1370 0.0780 0.0420 0.0250 0.0140 0.0100 0.0050 0.0 0.0 0.0 0.0 0.0 0.0 

0.5360 0.1450 0.1240 0.0730 0.0350 0.0150 0.0090 0.0100 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.6700 0.1320 0.1030 0.0750 0.0530 0.0280 0.0150 0.0090 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.8040 0.1520 0.1470 0.1350 0.1170 0.0910 0.0670 0.0470 0.0270 0.0140 0.0070 0.0020 0.0 0.0 0.0 

0.9380 0.2010 0.2010 0.1910 0.1680 0.1510 0.1170 0.0860 0.0440 0.0280 0.0130 0.0060 0.0020 0.0 0.0 

1.0720 0.2390 0.2260 0.2110 0.1860 0.1580 0.1290 0.0940 0.0520 0.0250 0.0100 0.0 0.0 0.0 0.0 

1.2050 0.2020 0.1860 0.1780 0.1540 0.1200 0.0920 0.0550 0.0340 0.0080 0.0 0.0 0.0 0.0 0.0 

1.3390 0.0870 0.0800 0.0720 0.0620 0.0500 0.0350 0.0140 0.0080 0.0 0.0 0.0 o.o 0.0 0.0 

Y/CB/2) 0.6006 0.6435 0.6864 0.7293 0.7722 0.8151 0.8580 0.9009 0.9438 0.9867 1.0296 1.0725 

Z/0 
0.0 0.2670 0.2370 0.゚2220 0.2020 0.1820 0.1540 0.1270 0.0960 0.0620 0.0320 0.0140 0.0 
0.0670 0.1520 0.1170 0. 790 0.0540 0.0270 0.0140 0.0 0.0 0.0 o.o 0.0 0.0 
0.1340 0.0640 0.0500 0.0360 0.0210 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.2010 0.0220 0.0210 0.0170 0.0060 0.0 0。O 0.0 0.0 0.0 0.0 0.0 0.0 

2
]
 



Table 5. 5. 2 Total head loss distribution at Fn=0.30 

TOTAL HEAD LOSS DITRIBUTION AT FN=0.30 
CNONDIM. BY UNIFORM FLOW HEAD> 

Y/CB/2) 0.0 0.0429 0.0858 0.1287 0.1716 0.2145 0.2574 0.3003 0.3432 0.3861 0.4290 0.4719 0.5148 0.5577 

Z/D 
0.0938 0.3550 0.3460 0.3260 0.2970 0.2620 0.2240 0.1970 0.1730 0.1540 0.1410 0.1300 0.1220 0.1200 0.1180 

0.1340 0.3350 0.3230 0.3040 0.2680 0.2340 0.1980 0.1700 0.1450 0.1250 0.1050 0.0840 0.0680 0.0590 0.0490 

0.2010 0.3120 0.2990 0.2760 0.2410 0.1990 0.1670 0.1440 0.1240 0.1060 0.0840 0.0570 0.0350 0.0220 0.0100 

0.2680 0.3000 0.2880 0.2580 0.2200 0.1750 0.1460 0.1280 0.1120 0.0960 0.0750 0.0500 0.0230 0.0120 0.0 

0.3350 0.2930 0.2780 0.2430 0.1960 0.1510 0.1180 0.1030 0.0930 0.0820 0.0670 0.0470 0.0220 0.0110 0.0 

0.4020 0.2750 0.2620 0.2230 0.1600 0.1070 0.0780 0.0660 0.0630 0.0590 0.0480 0.0370 0.0200 0.0060 0.0 

0.4690 0.2530 0.2400 0.1980 0.1250 0.0780 0.0470 0.0310 0.0250 0.0280 0.0250 0.0180 0.0110 0.0 0.0 

0.5360 0.2340 0.2160 0.1670 0.0980 0.0570 0.0280 0.0150 0.0 0.0 0.0 0.0 0.0 o.o 0.0 
0.6700 0.2080 0.1850 0.1360 0.0870 0.0570 0.0360 0.0220 0.0110 0.0 o.o 0.0 0.0 0.0 0.0 
0.8040 0.1990 0.1800 0.1500 0.1150 0.0900 0.0750 0.0620 0.0520 0.0420 0.0330 0.0200 0.0090 0.0 0.0 

0.9380 0.2140 0.2060 0.1940 0.1760 0.1540 0.1320 0.1080 0.0850 0.0600 0.0320 0.0110 0.0 0.0 0.0 

1.0720 0.2520 0.2480 0.2360 0.2120 0.1860 0.1500 0.1170 0.0880 0.0600 0.0260 o.o 0.0 0.0 0.0 
1.2050 0.2600 0.2520 0.2270 0.1980 0.1600 0.1260 0.0930 0.0610 0.0280 0.0030 o.o 0.0 0.0 0.0 
1.3390 0.1930 0.1760 0.1530 0.1240 0.0870 0.0550 0.0300 0.0080 0.0 0.0 0.0 0.0 0.0 0.0 

1.4730 0.0480 0.0460 0.0420 0.0330 0.0240 0.0150 0.0070 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Y/CB/2) 0.6006 0.6435 0.6864 0.7293 0.7722 0.8151 0.8580 0.9009 0.9438 0.9867 1.0296 1.0725 

Z/D 
0.0938 0.1130 0.1030 0.0840 0.0660 0.0490 0.0350 0.0250 0.0180 0.0130 0.0080 0.0040 0.0 
0.1340 0.0400 0.0320 0.0140 0.0080 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.2010 0.0070 0.0040 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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―,12.5  W.L. 

10 W.L. 

_7.5 W.L. 

2.5 W.L. 

Fig. 4. 1 Bodyplan 
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