
CHALMERS UNIVERSITY OF TECHNOLOGY

DEPARTMENT OF NAVAL ARCHITECTURE

AND MARINE ENGINEERING

GOTHENBURG - SWEDEN

THE INFLUENCE OF WATER DEPTH ON
THE HEAVING AND PITCHING MOTIONS

OF A SHIP
MOVING IN LONGITUDINAL REGULAR

HEAD WAVES

by

CHEUNG H. KIM

DIVISION OF SHIP HYDROMECHANICS REPORT NO. 44

Goteborg. June 1968



Abstract

Nomenclature

Introduction

Definition of Ship Motions and Waves

The Coupled Equations and Coefflcents

Dimensionless Representation

Calculation and Discussion o

Acknowledgements

References

Tables
A

& B

FiguresA&A

CONTTS

o

o

Page

i

2

4

5

6

9

11

13

14



-1 -

kBS TRACT

The heaving and pitching motions of a Series 60 model of

0B=0°7
moving in longitudiral regular head waves of shallow

water are öalculated by Watanabe's strip method[1]., [2] , [3]

The results are represented in Tables and Figures and the

shallow water effect is discussed
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NOMC LATIJRE

a,b,c,d,e,g : coefficients o± heave equation

A,R,C,D,E,G coefficients of pitch equation

waterplane area

13(x) beam of a sectiòn

exciting force amplitude

g gravity cot.nt

oenter ofgravity (a.G.)

h water depth

wave amplitude

W halfbeam draft ratio
mothent of waterplane area

I moment cf inertia of the ship about yaxis
L.. length between perendiouJaxs

ft
sectional added mass of unit thic1iess for heate

exciting oment nrnplitude

N sectional heave damping coefficient

ebtïonaI area uider calm water 'urfaòe

tjné
T draft

mean drft
y v1oci-ty-,

plac.enent. vo.lynie
w suffix designáting wave

ìL
7 body coordinates

x,Yz space coordinates



cction ftiilnc coefficient

phase difference between heave and wave

pitch atad wave

9 pitch and heave

9 11 9 exciting force and wave

moment

heave at time t

heave amplitude

waye é1eaipn at tme

.:amplitude of abolut bow motion

t'AS " " "
stern motion

9 " relativ bow motion

X wave length

V w2/g

shallow water number

p water density

(l
pitch at time t

pitch amplitude

W ciruiar frequence

We circular frequency of encounter



THE INPLUE!TOE OP WATER DTH ON THE HEAVING AND PITCHING-

MOTIONS OP A SHIP MOVING IN LONGITUDINAL REGULAR HEAD WAVES

INTRODUCT ION

By applying Watanabe's strip theory soIa important hydro-

dynamic forces and moments acting on a Series 60 model of

= 0.7 moving in a longitudinal head wave system of shall-

ow water aie calculated. he calculated results are represen-

ted in non-dimensional forms and shown in Tables A and Pigs.

A.

Subsequently, heaving and pitching motions of the ship

are calculated and the results are presented in Tables B

and. PigureB B.

The influence of shallow water depth on the hydrodynamic

forces and motions as shown in the figures are discussed.

It is revealed. by the calculations that the heaving and

pitching motions are remarkably damped by the shallow water

effect.



//i///////t//'/Z/////77/t7
Assuming only heaying and pitching motions of a ship

at the speed V in a longitudinally oncoming wave system,

we describe the surface wave as f oiiows

= COS (vx + et (1)
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DEFINITION OP SHIP MOTIONS AìTh JAVES

The coordinate systems here utilized are space- and body-

coordinate system O-XYZ and G0-xyz respectively. X-axis lies

on the undisturbed water surface and Z-axis points vertically

upward. x-axis is longitudinal passing through the center of.

gravity G0 of the ship, while y- and z-axis point port and

upward, respectively. The coordinate system G0-xyz coincides

with the system O-XYZ at the initial rest condition. .e follow

the convention of right-handed coordinate system.

z



et + C

COS ± £

i

respectively, where
a' a

are heave and pitch amplitudes

and E e phase d.ifferences between heave and wave
w ciw.

and pitöh and wave, respectively.

THE OOU?L EQUATIONS kID COPIOITS

The coupled equations of heaite and pitch of a ship moving

tn longitidinal regular waves [1] , [2] are Written in the

form

a + bt ± c - d. - e -
a

COS et +

+ Bk + C(4) - - E - G =M
a

cos (w t + E.

(2)
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, where wave mp1itude

y shallow water wave nimbêr, i.e.

( = .' tanh 'j h)
g o o

ircular frequency of eno oimter i.e.

(w+vV
o

The heaving and pitching motions cf the ship correspÒnding

tó the wave defined above are then expressed by
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The OEoefficients on the left-hand sides of the above

equations are

pv±fm" dx
L

JNdX
L

c= 2pg ydx

d.fm"xdx+pfSxd.x
L LW

e= fN X dx - vf m" dx
L L

g= 2pg I, dx - VIN dx
L L

A= I + f m"x
yy L

0 2pg f y X2 dx- VELW

D= f mX
L

pfSxdxLW

EfNxd+vf m" dx
L L

2pg f y X dxLW

, where p water density



COS CyJT

Sin CJ =

g avity constant

V displacemeim volume

SW sectional area under calm water level

half-breadth of a section on the óalmwater-

line

longitudinal moment of inertia of the ship' s
mass about Go-y-axis

t,
m. sectional added mass of unit thicimess for heavee

N sectiónal heave damping coefflcient of unit

thicimess

The exciting forces and moments on: the right-hand sides

of the equations (3) are represented in the form

os ç cosh y (h - T) Icos y x
PW 2pgh f Y

° - ° dx
ifl L cosh v0h Lsmn v0x

cosi V (h. -
¡'D
I coshvh

o

cosh y (h - ¶). Isin y .x
wTfN ° °

dx

L cosh v0h
¡

cos vx

-w (w + yV)
o
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2
cosh y (h - ) 1cos y xl

(wm -2pgy)x °
W cosh y h sin y xlo -! o

Icos y X.0 dx
I sin y X

o

wif (N_V)x
cosh v(h - ) Jsin vx

cosh y h cos V X
o



where h water depth

mean draft of a section
phase differences between exitig force and
Wave and exciting moment and wave, respectively.

Sectional values of added mass and damping coefficient rn" and

N for heave are obtained from [3] . In the case of deep water
these values are obtained from [a]. If h- then y and
cosh y (h - T) . w2

O

O are replaced by y = and e '',respect-
cosh v0Ii g

ively.

D IMES IONLESS REPRESTATION

In representing the calculated results, tbe followiig
dímensidnless forms are used:

h
T

L

V

gL

pv

bJ Lg
p gv.

A

p V ]1

depth parameter

wave lengTh to ship length ratio

Proude Number

frequency of encounter

virtual mass coefficielit

heave da.ping coefficient

virtual inertia coefficlent



ç

h

B L pitch damping coefficient

pg L

excilting force coefficient

p

Ma exciting moment coefficient

p gIv0

heave amplitude ratio
h

pitch amplïtude ratio

vh
o

By assinning that C.G. lies at midship the absolute'bow and

stérn mntins and relative bow motion are expressed in non-

diensiona1 forms as follows

-lo-
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whêré X wave length

L length between perpendiculars

A waterplane area

moment of waterplane. area. about yaxis..

CALOUiTI0N MID DISCUSSION

Por the numerical calculations we adopt a Series 60 rnodel

of 0B°7 having following particulars.

,where B(x) beam of a section

H(x) halfbeam draft ratio of a sea±ion

(x) fullness coefficient of a section

Station .B(x) H(x.) . (x)

1 0.0830 02425 0.8386

3 0.2803. 0.818e Ö.8716

5 0.4001 116.85 0.9301

7 0.4280 1.2498 0.9761

9 0.4280 1.2498 0.986Ö

111 0.4280 124.98 0.9850

04280 1.2498 O9633
15 0.4113 1.2010 0.8660

1.7 0.3372 0984.8 06794
19 01575 0.4599 0.3751

Leig±h betWeen perpendiculars 3.000 rn

D.isp1aceent volume 0.. 1537 m3

Draft 0.171

Beam . 0.428

Radius of gyration 0.750 n
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The calculations are carried out for the following speeds,

waves and depths.

Fn= 0,0e i añ-- 0. 2

0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1 , 1.3, 1.5, 1.7,
and 2.0.

10.0, 4.0, 2.5, 2.0 and 1.5.

In the calculatioi. the following assumptions are made:

i. Although trim arid parallel sinkage exist. they are io-t

considered.

2. The center of gravity lies at L/2.

The Virtual Mas s, Virtual Inertia, Heave and Pitch Damping

Coefficients are represented as functions of frequency Thr

different depth parameter h/T at F=O.O (Table A-1 & A-2).

They are also illustrated in Figures A-1 to A-4. It is seen

from Pig. A-1 that at high frequency range the added mass for

the depth h 1.5 T is appròximately twice as large as that

for h/T = , 10.0, 4.0. and 2.5. This suggests that the

natural heaving period of a ship in. shalloW water will be

longer than that in deep water? provided that damping is co: .

comparatively small. From Pig. A-3 we observe that heave

damping coefficients increase noticeably as the depth decrea

and at the depth of h/T = 1.5 they are nearly twice as ti..

big as those for li/T = ;añd f Ô 0.

The Exciting Forces and Momemits acting on the restrained

ship moving at the velocity of F 0.2 are illustrated in

Fig. Â-5 and A-6 as funötions of wave length to ship length

ratio. It is f ound that these forces and oments generally

increase as the depth decreases.
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The Heave and Pitch Amplitudes tgetbe w hthei.ee

ences with respect to the waves are given in Tables B and

illustrated in Figs B In general the motions are remarkably

darnped as the depth decreases. This tendency is more sigi.ifi-

càn.t as the Froude Ntbèr increaês

Although our theory cannot solve the motion problem in very

shallow water, it will be quite useful tO consider widexkeel

clearences. Provided that this theoretical calculation is

proved to be reasonable in, an experimental study, this method

Will be à routine technique for further research on ship' s

-, , in resricted. waters.
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TABLE A-1

a A
w II

e g

b L g B '/L g

pv p gv Pv L

3.963 1.824 1.120 0.095 0.077

3.545 1.792 1.405 0.094 0.089

3.236 1.781 1.626 0.095 0.098

2.996'. 1.783 1,794 0.096 0.104

2.802' \1/.Z94 1.920 0.097 0.109
g 2.642."k.11 2.016 0.098 0.112

2.39O(*55 2.146 0.101 0.115

2.1.981.905 2.212 0.104 0.116

2.047 1.957 2.249 0.107 0.117

1.922 2.008 2.265 0.1Ò9 0.116

3.963 1.824 1.124 0.095 0.077

3.545 1.791 1.406 0.094 0.089

3.236 1.779 1.622 0.095 0.098

2.996 1.782 1.782 0.096 0.103

¿ 2.802 1.794 1.899 0.097 0.107

2.641 1.812 1.982 0.098 0.110

2.386 1.857 2.078 0.101 0,111

2.190 1,905 2.111 0.104 0.111

2.029 1.949 2.109 0.106 0.109

1.894 1.986 2.088 0.109 0.106

3.960 1.819 1.169 0.094 0.078

3.533 1.775 1.463 0.093 0.090

3.209 1.749 1.694 0.093 0.098

2.946 1.734 1.874 0.093 0.104

2.726 1.724 2.014 0.095 0.108

2.535 1.717 2.121 0.093 0.111

2.219 1.707 2.271 0.093 0.115

1.968 1.703 2.360 0.094 0.117

1.763 1.707 2.413 0.094 0.118
1.594 1.706 2.456 0.094 0.119

1.390 1.647 2.538 0.091 0,121



TALLE A-2

¡T
e

a Ab 1g Lg.
pg piL2

3.919 1.833 1.489 0.094 0.030
3.448 1.788 1.909 0.093 0.105
3.076 1.754 2.228 0.091 0.117
2.772 1.727 2.463 0.091 0.125
2.518 1.707 2.628 0.090 0.131
2.303 1.694 2.743 0.090 0.135
1.959 1,673 2.915 0.089 0.141
1.699 1.593 3.112 0.085 0.148
1.47 1.460 3.283 0.079 0.155
1.336 1.407 3.324 0.077 0.156
1.149 1.586 3.224 0.086 0.152

3.854 1.924 1.913 0.096 0,105
3.348 1.891 2.393 0.095 0.124
2.951 1.856 2.720 0.093 0.136
2.631 1.826 2.931 0.092 0.144

c'J
2.368 1.804 3.076 0.092 0.149
2.149 1.781 3.212 0.091 0.154
1.808 1.666 3.536 0.085 0.167
1.556 1.538 3.719 0.080 0.175
1.364 1.591 3.652 0.083 0.171
1.213 1.816 3.510 0.094 0.165
1.039 2.309 3.341 0.118 0.158

3.702 2.597 3.015 0,111 0.144
3.153 2.561 3.407 0.109 0.160
2.734 2.459 3.606 0.107 0.169
2.407 2.370 3.795 0.105 0.178
2.145 2.276 4.050 0.101 0.190
1.932 2.174 4.274 0.097 0.20
1.679 2.089 4.316 0.094 0.201
1.756 2.100 4.)42 0.094 0.-02
1.840 2.130 4.330 0.095 0.202
1.608 2.099 4.265 Q,095 0,199
1.375 2.315 3.982 0.107 0.137



TAB LTt B-1

E vi
o

E E

h

0.50 3.545 0.268 0.110 31 3 -78 0.691
0.60 3.236 0.384 0.021 115 -4 -119 0.449
0.70 2.996 0.272 0.141 123 -122 115 0.787
0.80 2.802 0,143 0.289 105 -116 139 1.247
0.90 2.642 0.121 0.411 42 -111 -153 1.545

o 1.00. 2,507 0.213 0.510 12 -108 -120 1.717
1.10 2.390 0.312 0.588 4 -105 -109 1,805
1.30 2.198 0.470 0.702 -1 -101 -100 1.847
1.50 2.047 0.591 0.778 -2 _09 97 1.806
1.70 1.922 0.675 0.630 -2 -98 -96 1.739
2.00 1.772 0.761 0.32 -2 -96 -94 1.632

050 4.802 0.051 0.044 - 64 5 0,25c3

0.60 4.283 0.161 0.046 29 -14 -43 0,162
0.7Ò 3.894 0.141 0.12.9 58 122 64 0.533
0.8.') 3.588 Ö.190 0.388 -64 170 -126 1.647
0.90 3.340 0.554 0.620 -29 -162 -133 2,578

g ' 1.00 3,135 0.65) 0.769 -6 -142 -136 .)28
C

1,10 2,951 0.643 0,841 2 -129 -131 2.367
1.30 2.682 0.667 0.903 1 -116 -117 2.554
1.5) 2.466 0.726 0.933 -1 -109 -106 2.283
1.70 2.292 0.780 0.950 -2 -105 _103 2.081
2.00 2.087 0.840 0.964 -2 -101 -99 1347

0.50 6.058 0.014 0.020 -34 -80 -46 0,113
0.60 5.30 0.064 0,026 9 -48 -57 0.113
0.70 4.791 0.091 0,039 30 63 33 0.110
0.80 4,373 0.058 0.166 101 107 6 0.504
0.90 4.038 0.266 0.426 -153 134 -73 1.438
1,00 3.763 0.761 0,745 -109 164 -87 2.419
1110 3.532 1.217 0.918 -72 -171 -99 3.054
1.30 3.165 1.365 1.069 -23 -145 -122 3.493
1.50 2.884 1.137 1.122 -7 -127 -.120 3.qi
1.70 2.662 1,028 1.104 - -117 -114 2.631
2.00 2.401 0.985 1.066 -3 -109 -106 2.168



TABLE B- 2

X
E

i

1T
_

"o

0.50 3.545 0.2680.110 81 3 -78 0.691

0.60 3.236 0.384 0.021 115 -4 -119 0.448
0.70 2.996 0.272 0.142 123 -.122 115 0.189
0.80 2,802 0.143 0.290 105 -116 139 1.251

0.90 2,641 0.122 0,413 42 -111 -153 1,550

o 1.00 2.505 0.214 0.512 12 -107 -1i9 1.721
1.10 2,386 0,314 0.590 4 -105 -109 1.810
1.30 2.190 0.476 0.703 0 -101 -101 1,849
1.50 2,029 0.592 0.778 -1 -99 - 98 1,80o
1.70 1.894 0.675 0.829 -1 -97 -96 1,736

2.00 1,724 0.760 0.878 -1 -95 -94 1.625

0.50 4.802 0.051 0.044 5 C4. -59 0.259

0.60 4,283 0.161 0.046 29 -14 43 0.163
0.70 3,893 0.141 0.129 58 122 64 0,534

0.0 3,588 0.191 0.89 -64 170 -126 1.650
o 0,90 3,339 0.556 0,622 -28 -162 -134 2.586
2 1.00 3,133 0,655 0.772 -5 -142 -137 ,937

1.10 2,958 0.643 0.843 2 -129 -131 2,874
1.30 2.673 0.665 0,9.05 1 . -116 -117 2,556
1.5) 2.448 0.724 0.94 -1 -109 -108 2.7
1.70 2.264 0,777 0,950 -1 -104 -103 2.075
2.00 2,038 0.835 0.961 -1 -100 -99 1.836

0,0 6.058 0.014 0.020 -34 -80 -46 0,119
0.6Ó 5.330 0.064 0.026 9 -48 -57 0.114.

0.70 4.791 0.091 0.039 30 63 33 0.109

0.80 4,373 0.058 0.168 101 107 6 0,603

0.90 4.038 0,266 0,427 -152 134 -(4 1.440
1.00 3.761 0.764f 0.746 -109 164 -87 2.426

i 10 3,529 1.222 0.919 -71 -170 -99 3.065

1.30 ,156 1,360 1.074 -22 -14. -122 3,509

1.50 2.867 1.124 1.125 -6 -127 -121 3.0U

1.70 2,633 1,014 1,104 2 -116 -114 ¿.619

2,00 2.352 0.971 1.064 -2 -101 -99 2,151
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L

TABL} B- 3

Ca

a

4'a

.0

L,-

0.50 3,533 0.273 0.111 85 .4 -81 0.708

0.60 3.209 0.369 0.022. 119 -8 -127 0.450

0.70 2.946 0.253 0.142 126 -117 117 0.734

0.80 2.726 0.134 . 0.284 102 -111 147 1,224

0.90 2.535 0.125 0,400 40. -102 -147 1.503
o 1.00 2.368 0.218 0.493 13 -104 -117 1,651

1.10 2.219 0.315 0.568 6 -101 -107 1.141

1.30 1.968 0,471 0.677 2 -98 -100 1779
1.50 1.763 0.584 0.750 0 -96 -96 1.712

1.70 1.594 0.666 0.802 Ô -95 -95 1.681

2.00 1.390 0,750 .0,853 0 -94 -94 1,532

0.50 4.790 0.052 0.045 -3 -64 -61 0.263
0.60 4,256 0.168 0.046 )0 -12 -42 0.1o2
0.70 3.844 0,135 0.14L 59 130 71 0.613

0.80 3,511 0.265 0.421 . -41 175 -144 .1.360
0.90 3,233 0.545 0.642 -5 -150 -145 2.702

o 1.00 2.996 0.541 0.743 10 -130 -140 2.770
1,10 2.791 0.531 0.786 9 -119 -128 2.608
1.30 2.451 0.597 0.833 4.. -108 -112 2.304

1.53 2.182 0.674 0.864 1 -103 -104 2.083
1.70 1.963 0,736 0.886 0 -100 -lOu 1,916
2.00 1.704 0.803 0.910 0

. -98 -98 1.730

0.50 6.047 0.014 0.021 -33 -80 -47 0,121
0.60 5.03 0.066 0.026 9 -48 . -57 0.117
0.70 4,742 0.094 0,042 32 67 35 0.124

0.80 4.296 0.058 0,195 122 112 -10 0.708

0.90 3.931 0.380 0.510 -135 144 -81 1.762
1.00 3.624 0.980 0.809 -84 179 -97 2.836
1.10 3.362 1.303 0,936 -42 -159 117 3.455
1.30 2.934 1,065 1,074 -3 -130 -127 3.349
1.50 2.601 0.901 1.045 1 -115 -116 2,713
1.70 2.333 0.875 1.014 1 -108 -109 2.309
2.00 2.018 0.888 0.990 0 -102 -102 1.951



TLBL B- 4

4'a1
W

0.50 3.448 0.250 0.110 loo 10 -90 0.736
0.60 3.076 0.314 0.029 .125 -15 -140 0O4U
0.70 2.772 0.223 0.136 126 -107 127 0.764
0.80 2.518 Ö.124 0.269 98 -105 157 1.172
0.90 2.303 0.133 0.382 39. -103 -142 1.441
1.00 2.118 0.223 0.475 15 -100 -115 1.600
1.10 1.959 0.316 0.549 8 -99 -107 1.06
1.30 1.699 0.470 0.660 3 -97 -100 1.756
1.50 1,497 0.582 0.736 1 _95 -96 1.710
170 1.336 0.664 0.790 1 -94 -95 1.658
2.00 1.149 0.750 . .0.846 0 -94 -94 1.570

0.50 4.704 0.060 0.050 4. -6.1 -o5 o.291
0.60 4.124 0.195 0.045 )9 - -42 0.12
0.70 3.670 0.140 0.17? 4x4. lbl 115 0.845
0.80. 3.303 0.323 0.418 . 7 -155 -162 1.950
0.90 3.001 0.402 0563 19 -131 -150 2.524

' 1.00 2.746 0.417 0.640 16 -119 -155 2.526
1.10 2.530 0.458 0.693 10 -112 -122 2.260
1.30 2.182 0.564 0.766 4. -105 -109 2.108
1.5) .1.916 0.654 0.814 2 -101 -10) 1.964
1.70 . 1.705 0.721 0.846 1 -99 -100 1.655
2.00 1.463 0.792 0.880 0 -97 -97 1,6u2

0.50 5.961 0.015 0.022. -27 -79 -52 O.1.1
0.60 5,171 0.076 0.027 12 -45 -57 C.120
0.70 4.567 0.099 0.057 37 85 48 0.202
0.80 4.089 0.089 0.274. -159 131 -69 1.049
0.90 3.699 0.583 0.595 87 171 -112 2.265
1.00 3.375 0.961 0.777 . -41 -160 -119 }3.024
i10 0.986 0,886 -13 -142 -129 5.255
1.30 2.666 0.833 0.936 2 -120 -122 279i
1.50 2.335 0.809 0.937 2 -lii -113 2.592
1.70 2.075 0.827 0.938 1 -106 -107 2.126
2.00 1.777 0.862 0.9)8 0 -102 -102 1,657
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PABLE B- 5

a v0i
CAB

h

T
0.50 3.348 0.228 0.109 105 13 -92 0.7.34
0.60 2,951 0.301 0.037 124 -17 141 0.466
0.70 2,631 0,224 0.132 124 -.101 135 0.769
0.80 2,368 Ö,131 0.263 98 -102 160 1,156
0.90 2.149 0.138 0.375 42. -101 -143 1,419

o 1.00 1.965 0.225 0.467 17 -99 116. 1.578
1.10 1.808 0.317 0.542 9 -98 -107 1,666
1.30 1.556 0,471 0.654 4 -96 -100 1.723
1.50 1,354 0.582 0.732 2 -95 -97 1,703
1.70 1,213 0.664 0.788 1 _94 95 1,653
2.00 1,039 0.750 .0.844 1 -93 -94 1.567

0.50 4.605 0.068 0.054 13 -57 -70 0.325
0.60 3.998 0.208 0.038 45 -47 -92 0.173
0.70 3.529 0.184 0.165 42 '180 132 0.884
0.80 3.154 0.313 0.381 . 23 -145 -168 1.605
0.90 2.847 0.367 0517 25 -126 -151 2.154

' 1.00 2.593 0.396 0,601 19 -116 -135 2.187
1.10 2,379 0.445 0.661 12 -111 -123 2.161
1.30 2.040 0,556 0.74.1 5.: -104 -109 .(,45
1.50 .1.783 0.648 0.791 2 -101 -103 1.915
1.70 1.583 0.717 0.829 1 .99 -100 1.805
2.00 1.353 0.789 0.873 1 -97 -98 1.673

0.50 5,862 0.017 0.006 -20 -76 -56 0.141
0.60 5.046 0.084 0.027 16 -43 . 59 o.122
0.70 4.426 0.098 0.065 39 101 62 0,260
0.80 3,939 0,117 0.296 -111 147 -102 1.194
0,90 3,546 0.559 0.563 -63 -176 -113 2.237
1000 3,222 . 0.825 0.717 -29 -152 -123 2.90

I 1i0 2,951 0.859 0,811 -9 -136 -127 2.919
1.3Ó 2,52.3 0.793 0.879 2 -119 -121 2.619
1.50 2,202 0.792 0,897 2 -110 -112 2.300
1.70 1.952 0.816 0,903 1 -106 -107 2.062
2.00 1,667 0,854 0.912 0 -102 -102 1.819

i
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if v0Ti

0.50 3.153 0.221 0.131 87 8 -79 0.810
0.60 2.734 0.368 0.067 108 -8 -116 0.587
0.70 2,4Ö7 0.301 0.124 117 -89 154 0.839
0.80 2.145 0.185 0.251 101 -97 162 1.161

0.90 1.932 0.153 0.363 55 -98 -153 1.405
o 1.00 1.765 0.222 0.457 24 -98' -.122 1.561

1.10,
1.30

1.608
1,375

0.310
0,463

0.535
0.650

12

5

-96
-95

-108
-'100

1,651
1.712

1.50 1.200 0.577 0.729 2 -95 -97 1.694
1.70 1.063 0.660 0.785 1 -94 -95 1.645
2.00 0.908 0.747 .0.841 1 -93 -94 1,562

0.50 4.410 0.074 0.065 26 -55 -81 0.403
0.6Ó 3.782 0.219 0.064 42 -33 -75 0.48
0.70 3.305 0.254 0.097 41 . -156 163 0.674
0.80. 2.931 0.343 0,313 . 27 -143 -170 1.567
0.90 2.630 0.412 0.469 28 -127 -155 2.017

' 1.00' 2.385 0.423 0.565 24 -117 ' -141 2.119
1,10 2.180 0.453 0.627 16 -111 -127 2.096
1.30 1,858 0.552 0.712 7. -105 -112 1.992
1.5D .1.619 0.642 0.777 4 -.101 -.105 ' 1.397
1.70 1.433 0.711 0.825 2 -99 -101 1.806
2.00 1.222 0.784 0.872 1 -97 -98 1.676

0.50 5.666 0.021 0.027 -4 -74 -70 0.163
0.60 4.829 0.099 0.032 20 -54 -74 0.170
0.70 4,202 0.128 0.035 27 128 101 0.220
0.80 3.716 0.102 0.213 -29 159 -172 0.939
0.90 .

1.00
3,329 .

3.031
0.379
0.660

'0.445
0.597

-50
' -31

-171,
-150

-121
-119

1.780
2.272

1.10 2.751 0.801 0.694 ' -14 -137 -123 2.508
1.30
1.50

2.342
2.037

0,813
0.799

0.805
0.840

1 '

. 2

-120
-11.2

-121
-114

2.473
2.210

1.70 1.802 0.817 0.862 '1 -.107 -108 2.010
2.00 1.536 0.854 0.895 1 -103 -104 ' 1.812
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TABLE B- 6

-4-
L LW4

0.50 3.153 0.221 0.131 87 8 -79 0.810

0.60 2.734 0.368 0.067 108 -8 -116 0.587
0.70 2,407 0.301 0.124 117 -89 154 0.839
0.80 2.145 0.185 0.251 101 -97 162 1.161

o
0.90
1.00

1.932
1.765

0.153
0.222

0.363
0.457

55,
24

-98
-98

-153
-122

1,405
1.561

1.10 1.608 0.310 0.5.35 12 -96 -108 1.651
1.30 t.375 0.463 0.650 5 -95 -100 1.712
1.50 1.200 0.577 0.729 2 -95 -97 1.694
1.70 1.063 0.660 0.785 1 94 95 1.645

=

2.00 0.908 0.747 .0.841 1 _93. -94 1.562

0.50 4.410 0.074 0.065 26 -55 -81 0.403
0.6Ò 3.782 0.219 0.064 42 -33 -75 0.48
0.70 3.305 0.254 0.097 41 . -156 163 0.674
0.80. 2.931 0.343 0.313 . 27 -143 -170 1.567
0.90 2.630 0.412 0.469 28 -127 -155 2.017

,-' 1.00
1.10

2.385
2.180

0.423
0.453

0.565
0.627

24
16

-117
-111

-141
-127

2.119
2.096

1.30 1.858 0.552 0.712 7. -105 -112 1,992
1.50 .1.619 0.642 0.777 4 .101 -105 1°7
1.70 1.433 0.711 0.825 2 . 99 -101 1,806
2.00 1.222 0.784 0.872 1 -97 -98 1.676

0.50 5.666 0.021 0.027 -4 -74 -70 0.163
0.0 4.829 0.099 0.032 20 -54 -74 0.170
0.70 4,202 0.128 0.035 27 128 101 0,220
0.80 3.716 0.102 0.213 -29 159 -172 0.939
0.90 3,329 . o379 0,445 -50 -171 -121 1.780
1,00 3,031 0.660 0.597 -31 -150 -119 2.272

1 1.10 2.751 0.801 0.694 -14 -137 -123 2,508
1.30 2.342 0.813 0.805 1 -120 -121 2.473
1.50 2,037 0.799 0.840 . 2 -112 -114 2.210
1.70 1.802 0.817 0.862 1 -107 -108 2,010
2.00 1.536 0.854 0.895 1 -103 -104 1,812

e -



TABLE B- 6

-4. w41 £41w

0.50 3.153 0.221 0.131 87 8 -79 0.810
0.60 2.734 0.368 0.067 108 -8 -116 0.587

0.70 2.407 0.301 0.124 117 -89 154 0.839
0.80 2.145 0.185 0.251 101 -97 162 1.lb1

0.90 1,932 0,153 0.363 55. -98 -153 1.405
o 1.00 1.765 0.222 0.457 24 -98 -122 1.561

1.10 1,608. 0.510 0.535 12 -96 -108 1.651

1.30 ¶.375 0.463 0.650 5 -95 -100 1.712

1.50 1.200 0.577 0.729 2 -95 . -97 1,694

1.70 1.063 0,660 0.785 1 .94 -95 1.645

2.00 0.908 0.747 .0,841 1 _93 -94 1.562

0.50 4.410 0.074 0.065 26 -81 0.403
0.6Ö 3.782 0.219 0.064 42 -33 -75 0.348

0.70 3.305 0.254 0.097 41 -156 163 0.674

0.80. 2.931 0,343 0.313
. 27 -143 -170 1.567

0.90 2.630 0,412 O.469 28 -127 -155 2.017

' 1q00 2.385 0.42.3 0.565 24: -117 -141 2.119

1,10 2.180 0.453 0.627 16 -111 -127 2.096

1.30 1,858 0.552 0.712 7.. -105 -112 1,992

1.5D .1.619 0.642 0.777 4 -10.1 -105
1.70 1.433 0.711 0.825 2 99 -101 1,806
2.00 1.222 0.784 0.872 1 -97 -98 1.676

J

0.50 5.666 0.021 0.027 -4 -74 -70 0.163
0.60 4.829 0.099 0.032 20 -54 -74 0.170

0.70 4.202 0.128 0.035 27 128 101 0.220

0.80 3.716 0.102 0.213 -29 159 -172 0.939

0.90
. 3.3?9 0.379 0.445. -50 -171 -121 1.780

1.00 3,031 0.660 0,597 -31 -150 -119 2.272
1.10 2.751 0.801 0.694 -14 -137 -123 2.508
1.50

1.50

2.342
2.037

0.813

0.799

0.805

0.840

1

. 2

-120

-112

-121

-114
2.473,
2.210

1.70 1.802 0.817 0.862 1 -107 -108 2.010
J

2.00 1.536 0.854 0.895 1 -103 -104 1.812
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