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Shallow Water Effects on Added Mass of a
Three Dimensional Body
—— In Case of K=0 and K=oo (Part 2, Application to Ship Form) —

By
Makoto Kan

Abstract

In the previous paper, a method of calculation of the shallow water effects on an added mass
or moment of inertia of a floating three dimensional body was presented for the cases of the fre-
quency parameter K(=w?/g) =0 and K=oco. By means of the numerical comparison with the cor-
rect solution, it was shown that when the problem concerned was solved by the usual integral
equation method, the Green function represented by a finite integral, which had been derived by
the several authors independently, could not be applied. In this paper it is proved that the
erroneous representation of the Green function was derived as a result of the disregard for the
theorem that the termwise integration is possible when the infinite series in uniformly convergent.

A simple method for easy estimation of the shallow water effects of an actual hull form was
also proposed in the previous paper. Owing to the method, the coefficients of the shallow water
effects of a ship are basically equal to ones of the ellipsoid with the same value of I/B and B/d
as the ship, whereas the effective water depth is modified by C, of the ship. In this paper the
validity of the method is discussed by the comparison with the numerical results of a tanker
obtained by the author’s method using the integral equation.

The charts and tables for the ellipsoids with various axis ratio, which is used to estimate the
shallow water effects of a ship for all six modes of motion except for heave for K=0, are extended
to cover the wide range of L/B and B/d and revised by improvement of numerical technique. An

interpolation formula to estimate the shallow water effects of the ellipsoid with arbitrary axis ratio
is also presented.
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Fig. 1 Boundary conditions
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Table 1 Accuracy of the present method (K =0o0)
K=0 K=
%¥M=12, N=24 ; h=00
M1 J27 H 66 M o3 m Hss
surge | sway | yaw | heave | noll | pitch
exact 0.5 0.5 0 0.5 0 0
sphere previous method |0.483 |0.483| 0 |0.486| O 0
present method 0.503 | 0.503| 0 0.501 0 0
exact 0.0330) 0.626 | 8.87 | 1.399| 0.102 | 20.28
elliposoid -
previous method |0.0325| 0.578 | 8.11 | 1.297 | 0.086 | 18.24
a=9, b=1.5, c=1
present method 0.0334/ 0.609 | 8.71 | 1.386| 0.098 | 20.05
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b4 2.50 1.17]1.21(1.24|1.28{1.33|1.37[1.48|1.48}1.53| * 2.50 [1.21]|1.36|1.521.42|1.68|1.93|1.66|2.02|2.35[1.92|2.37|2.79
Y 4.98 1.85{1.86(1.87(1.88(1.18(1.12(1.12(1.15(1.17 Y 4.90 [1.86(1.13(1.20{1.15(1.27(1.4@(1.26|1.44|1.63(1.38(1.63|1.88|
44 | exact |- . . M55 | exact
h=m |wrerica |, . . 8.152|0.159|8.161|0.667|0.692(0. 782|1.650|1.787]1 . 732 h=wm |nrericA|3.040|9.897|19.08]12. 18|34, 42|78 44|30, 94|86 . 34175363, 11| 1745|352, 9
= ALL NUMERICAL CALCULATIONS LERE CARRIED OUT UWITH =12, N=24 * ALL NUMERICAL CALCULATIONS LERE CARRIED DUT UITH Me12, N=2d
Bsd= 5
k44 Brd= 2 Bsd= 3 Brd= 4 Bsd= 5
Brd= 2 Brd= 3 Bsd= 4 kSS k55 kS5 k55
k44 k44 k44 9 7 ? ? ?
6 6 6 S
7 ? 7 ? S 5 S S

N
RN

/ 3
4 4 / 4 a 2 2
3 3 / 3 3 1 1 1 1
e g g2 I a e == 4 6,88 4 E_p8 4 688 4 6o
—r"
 ——1 —r—2 .
1 1 1 L 1
!
e R ey N - B B -

Fig. 4(c) &, of ellipsoid (K=0) Fig. 4(d) & of ellipsoid (K=0

=




(T1T)

YAW (K=2) k66
Brd 2 3 4
MARKS
wa<B 4|6 |8 |a|6|B|a]s |8
1.88 |1.51|1.73|1.92|1.94|2.28(2.572.335|2.86|3.27
a 1.19 |1.34{1.50|1.62[1.67[1.91|2.18|z.72|z.36|z.62
o> 1.25 {1.21|1.31(1.48|1.44{1.60|1.73(1.78[1.93(2. 182
o 1.58 |1.11|1.17|1.22|1.25|1.35|1.43|1.42(1.57|1.67
X 2.08 [1.84|1.27|1.239(1.1@{1.15|1.19{1.19|1.26|1.32
* 2.50 [1.82|1.83{1.04|1.05|1.28(1.19(1.18|1.14|1.18
Y 4.00 |1.900|1.008{1.01|1.21(1.02|1.22|1.82|1.84|1.85
HGG EXACT [2.867{5.641(|10.91|3.334|8.869|16.92|4.683|12.089(22.91
h=w INUMERICAL |2.853(5.542|10.61|3. 308(8. 784|16.43|4.575|11. 89|22 .25
= ALL NUMERICAL CALCULATIONS WERE CARRIED OUT UITH M=12, N=24
Brd= 2 Brd= 3 Brd= 4
ke6 k66 k66 k&6
4 4 4 4
3 3 3 /3
I %2 //k/;z
i ==== = = gyya—— W

4 6,88 4 & BB 4

Fig. 4 (e)

6 ,g8

ke of ellipsoid (K =0)

SURGE (K=w) k11
B/d 2 3 4 5
MARKS
asBla|e6|Bla|e|8|ale|a]ale]s
1.0 11.45]1.44/1.43]1.60|1.56/1.53[1.72]1.65|1.60]1.79(1.73|1.67
4 11.18 |1.351.35(1.35(1.51{1.48|1.46|1.65|1.601.56(1.75|1.70|1.65
© |1.25 |1.24)1.26|1.26|1.37|1.37|1.36|1.5@]1.48|1.45|1.61{1.59|1.54
O | 1.58 |1.151.16[1.17|1.24{1.24|1.24]{1.33[1.33(1.32(1.42(1.43(1.4m
X |2.88 |1.@5(1.08(1.09|1.12|1.131.13(1.17|1.18(1.18|1.23|1.24|1.23
* |2.58 11.83]1.94]1.05|1.05(1.@8(1.@8{1.18[1.11|1.11(1.14]1.16(1.15
Y |4.00 |1.21]1.01]1.@2]1.02|1.02|1.22]1.03|1.04]1.24]1.85(1.06/1.26
M11| exacT
h=w |wrerica|.8381|.8192 -8115|.8264}.9132|.0679|. 6201 | . 0100 . BOER|. @162 | . 906B| . BB4D
* ALL MPMERICAL CALCULATIONS WERE CARRIED DUT WITH M=12, N=24
Brsd= 2 B/d= 3 B/d= 4 B/d= 5
k11 k11 k11 k11
2 2 2 z
== 5
4 6,88 4 & (BB 4 6,88 5.,p8
Fig. 4(f) &, of ellipsoid (K=)
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(211)

0¢

SHWAY (K=wm?J ke HEAVE (K=w) k33
Bsd 2 3 4 ] Bsd 2 3 4 S
MARKS MARKS
wyxB a|e|B|a|6|B|a|6|8]|4a]|6 |8 g a|e |8 |lalei8ijals|B|4a|6 |8
1.80 [1.57]1.62|1.65|1.77(1.81(1.86(1.93[1.99|2.04|2.87|2.13|2.23 * 1.8@ (1.96(1.91{1.88|2.@7(2.81(1.98(2.@8B(2.@2(2.81(2.83{1.98(2.81
& 1.10 }1.32|1.35]1.37]/1.90[1.53{1.55|1.67|1.71|1.72|1.84(1.87|1.89 a 1.180 [1.93]1.91|1.89|2.27|2.21|2.17|2.53{2.43[2.36(2.66(2.52{2.44
N4 1.25 |1.17|1.19|1.28|1.29|1.31|1.33|1.42(1.45[1.45|1.55(|1.57|1.58 <> 1.25 |1.62]1.62{1.62|1.89(1.88|1.87|2.17|2.14{2.11(2.44|2.37|2.31
a 1.50 |1.@8{1.@9|1.89!1.15/1.16{1.17(1.23]1.25]1.25|1.32|1.32|1.33 a 1.580 ]1.37)1.38|1.38|1.56|1.56|1.56]1.76|1.76(1.75|1.96{1.95|1.93
X 2.80 |1.92|1.23}1.83|1.25(1.06(1.06(1.89(1.18|1.@9|1.13|1.14(1.14 X 2.90 |1.18(1.19|1.28@(1.29|1.39|1.3@|1.4@|1.41|1.41|1.52|1.52|1.52
* 2.58 {1.81{1.81|1.01|1.83|1.83|1.83|1.04|1.05|1.04|1.87|1.87|1.87 * 2.50 (1.1@{1.12]|1.12|1.17[1.18|1.19|1.25|1.26|1.26(1.33|1.34|1.33
Y 4.00 |1.00|1.00|1.00|1.90|1.08(1.20(1.81{1.@1|1.01|1.01|1.82|1.22 Y 4.98 [1.03[1.84|1.04|1.86(1.87{1.87[1.89(1.18(1.18[1.12|1.13|1.13
U222 | exacT U33 | exact [0.868|0.517[0.945|1.325(1.399(1. 434{1. 798(1 . 881|1.923(2. 256|2. 363|2. 412
h=wm |mrerica |, 3660, 3590, 350|0. 238|0. 231 (8. 2240, 174|0. 167|0. 1638 135/0. 130]0. 126 h=w |nrerica |B.859{@.913(@. 938]1.318|1.3861.415|1.773|1.851 |1 .8894|2. 221 |2. 3882 341
* ALL NUMERICAL CALCULATIONS LERE CARRIED OUT WITH M=12, N=24 » ALL NUMERICAL CALCULATIONS WERE CARRIED OUT WITH ™M=12, N=24
Brd= 2 Brsd= 3 Brd= 4 Brd= 5
B/d= 2 Bsd= 3 Brd= 4 Brd= S K33 K33 k33 K33
ka2 k22 kezz ka2
3 3 3 3
3 3 3 3 —
o . a3
e .
2t W 2} %% 2 == 2 ——
2 2 2t ——k——k 2 k% o o o B8
)&—%—-——4 a———a——a B—a—=a % —X
KK o —a  a — o — o - — — f S E—
a———a——a | e a—— o ———- == (== =1
Z = 2 1 1 1 1
== N s:ﬁq ) ——a—a . -
4 6,8 4 & .BB aq 6.8 4 6 | BB

4 & B8 4 & B8 4 6 (g8 4 6,88

Fig. 4(9) &,, of ellipsoid (K=00) Fig. 4(h) &, of ellipsoid (K=o0)



(€11 )

ROLL K=w) k44 PITCH (K=w) k55
B/d 2 4 S Bsd 2 3 4 5
MARKS MARKS
hoas<CB 6|8 |46 |88|la|le|B|als |8 wwaskBlale |8 laje|Blale|s|ale s
x |1.00 2.2v[2.26|2.30)2. 43|2. 49|2. S6(2. 59|12 67|2. B2 * 1.8 |1.77|1.74|1.70|1.98|1.91|1.85|c.11|2.@0(1.94|2. 18[z.@S|1.99
s |1.19 1.74|1.78|1.79|2.®1|2.B4|2. B4|2. 25|2. 27|2. 28 1.18 |1.59|1.60|1.58|1.84|1.81{1.77|2.084|1.97|1.91|z. 20| . v8|2 . o2
o {1.25 1.41|1.43|1.44{1.60|1.61]1.62[1.77|1.79[1.79 © |1.25 [1.391.411.42|1.59|1.60(1.59]1.79|1.78]1.75|1.97(1.93|1.88
o [1.5@ 1.19|1.201.22]1.31|1.32[1.32|1.42(1.43|1 .43 w 1.58 [1.22]1.25(1.26|1.36|1.39|1.39|1.51|1.52|1.521.65|1.66/1 .64
x |2.o0 1.86/1.06/1.07]1.11|1.12[1.12[1.17(1.17|1 .17 X |2.99 |1.89(1.12]1.13|1.17|1.20|1.21|1.25(1.28|1.29|1.34|1.37|1.37
+« |2.58 1.22[1.83|1.@3(1.85(|1.85(1.85(1.98[1.28|1 .08 * |2.5@ |1.v4|1.@6[1.@7|1.@9|1.12|1.13]1.15|1.17[1.18|1.21]1.23]1.24
Yy |4.o0 1.00|1.221.29|1.91|1.01|1.01{1.01|1.02|1.02 Y |4.22 |1.91]1.01|1.02|1.02|1.03|1.04(1.04(1.06(1.06|1.05(1.08|1.09
M44 | expct ©0.199/0.102(0. 193|8.436(8.444|0.446(1.873(1.@89(1.@54 ﬂ55 EXACT |2.867(5.641]/10.91|7.849|20.28)38.37|19.51|49.37|92.57|35.88(97.82(182 .6
h=w NUMERICAL | . 2.998|0.0898|0.097|0.4158|0.416|0.412(1.013|1.803({B. 992 h=g NUMERICAL [2.852|5.593(18.81(7. 778(28.05|37.92{19.25(48. 63|91 . 18|38.34|95.94|179. @
* ALL NUMERICAL CALCULATIONS WERE CARRIED OUT WITH M=12, N=24 * ALL NUMERICAL CALCULATIONS LWERE CARRIED OUT WITH M=12, N=24
Brd= 2 Bsd= 3 Brd= 4 Brd= 5 B/d= 2 B/d= 3 Brd= 4 Brd= 5
k44 ka4 ka4 k44 k35 kS5 kS5 k35
3 3 3 3 3 3 3 3
R ,(,,—ak”‘*
K A a —a
2 2 2l a—a—a 5 2 2 g B B 2 Ty
a—a o  ——" S —a—a
>——o——= —o—0 O\ @
o — o - 8 —3 - m—) % —%
—a—a I 4 & 5 § ¥ & —%
1 1 1 1 % 1t ¥ ¥ 1 1 i
LB 4 6,8 4 6,8 4 6,88 4 Gr,p8 4 &8 4  &_,B8 4 &.,p8
Fig. 4(i) ki, of ellipsoid (K=o0) Fig. 4(j) ks of ellipsoid (K=o)

e
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YAW (K=m) k66
B/d 2 3 4 S
MARKS
wakBla|e |8 lalse|Bla|e|B|a]|e |8
¥ |1.08 |1.24|1.26|1.28|1.38[1.4@1.41[1.51|1.53[1.55|1.63[1.67|1.71
a 11,18 |1.15[1.16[1.17|1.25(1.27|1.27|1.36(1.38|1.38[1.47[1.48(1.49
o |1.25 |1.88]1.89|1.18[1.15|1.16[1.17[1.23|1.24|1.25(1.31[1.32|1.33
o [1.52 |1.@3|1.84|1.84|1.@7|1.28|1.@9(1.12|1.13|1.14|1.18(1.19(1.19
% |2.80 |1.81|1.@1|1.01}1.02(1.83|1.23(1.85|1.05|1.05(1.87(1.08|1.88
+ |2.50 |1.00[1.00(1.01{1.01{1.01]|1.@1|1.02|1.02/1.02|1.083(1.04|1.04
Y |4.90 |1.00[1.00|1.00|1.00|1.00|1.00(1.00|1.00(1.2|1.01|1.01|1.01
ME6 | ExpcT
h=gm NUMERICAL (0.989|2.489|4.599|1.4B8(3. 704|6.838|1.965(4.888|9.849(2.425|6.047|11.24
= ALL NUMERICAL CALCULATIONS WERE CARRIED OUT WITH M=12, N=24
Bsd= 2 B/d= 3 B/d= 4 B/d= S
k66 k&6 k&6 kEE
2 2 2 F4
H———H——K
 Som— — a——a—a
e —3
=== —=NE==M
a 6..,p8 4 6| ,pB 4 6 ,g8 4 6,88
Fig. 4(k) kg of ellipsoid (K=o0)

3.2 —AARRY

—BMBDBE L, BAEKOBAD LD B EHESR
Birabhd, BOARER (2.10) 2720 REHE
RICEUTHERZ RS 5, MAOEE IS (KD
430, FNIC3AE) OEBRY dS IS THER
DOFARFIE, BREDOHED & ICBMZRITIER
TRIEHER TN, dS D4 DDEEOEE - T,
4D 2 DDOXAEN T FIVOIEIT & - TR
IZROT ENTELENS (2.10) #REFENRICE
TOICHICREE L2 <, BIETEEDOAIRDT EMEME

(114)

DEEGERRBEIAIEEN,

HEHERMELTY 7 - (FErh) 2&9 1
Ft, DEOFEIMOTIHEIZ, SQ ST. 905
SQ ST.1 ¥ T L,,/20 DR TI6% %, FP &
SQ. ST. 9 DR SQ. ST. 1 & SQ. ST. 174 DI
13 Lop/40 DR TENEFN4ENE3ES, FP &
DRTIOEHARY SQ. 1/4 LN HOHFFIC20WTIRE
Dy EFREFNLIDOT Oy 7 ELTHY, &FHE
XHFEIZBD Ty ZICHEL, E7ay 7i3F—v
o H— AFENIEAEE TISHEIL 1. ERMEE




HORfI¥5 % 25X15=375 OHEFICHEIL 122 &I
KA, H—AHFEOSEIZESE T a7 < off set
HHEEBEOE A E N S water line F 7213 buttock
line DY s &= DEEHE L TEATH S, MH,
MEO 70y 7 TR, Ak EIsSE s
KB EEL BN, TROMBTIE, HMEREOHIK
D2 OOEBEL IV IAELL0HELIETXTD
[IETE R BT AN A

HEHE % Table 210RT, D) HERBRRY

33

FEM 25 3L EHDH 5 K=0 DFHD ky
(sway) & ke (yaw) 1IZOWT Fig.5icF#h s &
BUTRLULTH Do kn 220N TIE, EBREEEL OG-
TkHY, FEMIZK2EHBEELEVWATRORENIH D
PREE-> TS, BKEERE by 123 T <M
BEBEH m, 12OV TH k=co OEZILND EAHEK
IZ & B EN0. 795 TEBREA0. 754, FEMIZ L 25tH
fEM0. 738D BORON—HBEATENTHA I ke
DOV HLERBEED-FUIRWEAEE D,

Table 2 Shallow water effect coefficient %, of Tanker “Tokyo Maru”

K=0 K=o

k11 k22 k66 kn k22 k33 ka4 kss ka6
h/d surge | sway yaw | surge | sway | heave roll pitch yaw
1 3.53 6.26 3.0 |1.34 1.40 0.87 1.17 1.05 1.44
1.05 | 3.41 5.38 2.76 | 1.33 1.37 1.19 1.45 1.41 1.39
1.1 3.27 4.64 2.50 |1.32 1.34 1.62 1.73 1.81 1.33
1.25 | 2.87 3.15 1.94 | 1.26 1.24 2.45 1.82 2.30 1.21
1.5 2.39 2.15 1.52 | 1.17 1.13 2.03 1.37 1.86 1.11
2 1.87 1.52 1.22 1.09 1.05 1.48 1.10 1.39 1.04
2.5 1.60 1.29 1.11 1.05 1.02 1.29 1.03 1.22 1.02
4 1.25 1.09 1.03 | 1.02 1.01 1.10 1.00 1.26 1.00
5 1.16 1.05 1.01 1.01 1.00 1.26 1.00 1.03 1.00
h/1=6eoo 0.0509 ; 0.795 | 3798 | 0.0190 | 0.296 | 1.325 | 56.79 | 4860 1721
Lpp=290m , B=47.5m, d=16m, v =177,505nt

(115)
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koo TANKER
kee L/B=6.10 B/d=2.98 Cp=0.805
5 =
o [EXP 8)
kzz |----| FEM_8)
4+ K=0 PRESENT METHOD
A K I EXP 8)
\ 66 | — - — [PRESENT METHOD

Fig. 5 Comparison with experiment

4. MBHTEE

HECREL—BNB OB BHELIRD LS s
LDTH B,
FERkDHEDIETHEHE— FE KITKUQE
nXE% Fig A0k h 53R, 20ET, 5 k/d
OfIzEBL, BAoNMO L/BE B/dILKT 5
by BRBEICE > TSRO D, 2DEED h/d I3FEMAIK
DIEYEK he/d THBEDP S, SxohMICEALT
1
n

-

= 1
h/d=he/d+—(Co—

THBINE Wd T 2ETHHETEHDTH
%,
hyBEDLORIET LI, IRABETH L,
N AVETUBTHEAEZDEBHLHATE
banhcWizAF»ERN b, Fig. 4 24 5& L/B
& BAd Y B by OB EHBENEFCTERH» T
L5, ROLH>% L/B, B/d IZ3 5 2RAT
EOELTEREEZ NS, IS
ku=la(B/d)+ aB/d)+ as{ L/B}+{a(B/d)+ as( B

/d)+ ad(L/B)

+ a;(B/d)*+ as(B/d)+ as (4.2)
BEEHE—F, KB h/d iZH L TROBEIC (4.2)
EHTIROTHEEERD Iz —EHEN Table 31T/ L
ThHb,

(4.1)

(116)

CORBEAREM > THRI3SKTOBREHEE LT
5 v h—®mH (L/B=6.10, B/d=298, C,=0.805)
ZoWVT, ZBBEE— FISOWTHEBHEE R L THE
LicDhs Fig. 6 TH b,

BAOESHOHEE ITHE L K=0 TO sway & yaw iZ
SVTI, ZOBBHEEENBOTENTHHI LN
Fig. 6 (b)&(eHIREN TS, K=0 TD surge {[ZD
WL, Fig 6@ o¥ilids& C, OEEZLZL
THERAEDEZOLEDEF 1AV LI ZITH B
75, surge OPHITIE, ERAETOMMEREDEL
NEVDT, C,PEIEZ2T 2B HERICLLEL
Co DBEZLAEVEAEKDOEZEOLODE L 5 & ff
HLTHREEE (MOHERE + MINEE) LLTK
1%L FOB\EIIBEZE S, K=0TO heave |IF]H
TIRUIZ & IZBD L, - TRIRIFERNHE—KOD
AT D354 midship $H Y D pitch IZOWT LM«
NWEEZBDHBRTH S, T 1 pitch, roll izo1
T K=0 DBARMBECHEET S 2 &MREITl
BRPNBREDEIHEZHNLNDT, THHITDN
TREBOHZRL TV,

FEMEOMEICHELMINERIL K=o 055
WEh 0TIV, BREOBRMIZ K=o OEZ L2
DTIMYP—2OEBELSYHETH S, BREFATWE
surge, sway, yaw DEEHE— FIZ>LWTOMMER
HAEEIZ 2 B H%, Fig. 6(d), (e), (IR B KT,
K=0 0 surge DS LA, C, OBEZLIEWV



BEULALIZEITHD, LHL, K=o DFED
EIRKETOMMER X, K=0DHEDEDOK~Y
BEIZNELSBDLIEE, BAEEOZT AN
K=o DAL, K=0DBELOMLLOPMINI &
o, BHBHEEEELTH—UIEERTH S0

&, C,OEEZANTYS, REBHEEE L TOBE,
surge, yaw 25 1 %LLF, sway CHH%BLITICE X
x5,

REMETIX, K=co TO heave, roll, pitch »5
B hBIzn bh5, Fig. 6(f), (8), (hWiZd b Lo
B ERAKTERAEEN NS TY, HHKEDELH
TE—IDHDH LI LEFIZKE>TVE, heave &
pitch K>\ g, HBAKTL B/d OkEVERTE

35

D& FErEbDN TS (Fig. 4(h), (i) 5,
ChERESHECEEY, 0L R E252C
VWELDEMRIND, [>T, ZZTHRIEI NI
BSEEETIhsOEAEEDT &3S L
EExHh, EREroll & pitch T3k BAKTIIES
HEEICLDWEERH TV L0, UL, heave
DFEL, BBEEDHERDL, DEKETEY—20DH
BA—TITE->THY, HHBRENS>DEARED
LTWa,

WFNIZLTH, [AOFESLVELNERITE,
BEETHL COMBETESHLBREOEWER & -
TVWBEE-TEVTHAS,

Table 3{a) Coefficients of interpolation formula of &,, (K=0)

h/d al a2 a3 a4 asS aé a7 a8 a?
1.00 0.002118|-0.01437| 0.01732|-0,0266%| 0.2733(-0.1876] 0.0657 |~0. 0604 | 1.30&
1.10 0.001009|-0.00720| 0.00692|-0,01273| 0.1766|-0.0544| 0.0298| 0.1391| 0.837
1.25 0.000788(-0. 00588 0.00462|-0.01008( 0.1S61|-0.0423] 0.0300] 0.0502| 0.833
1.50 ~0.000220| 0.00015|-0.00163{ 0.00200| 0.0738| 0.0201| 0.0006| 0.1360| 0.687
2.00 0.001113[~0.00878| 0.01258(-0.01335| 0.1613|-0.1581| 0.0454(-0.2555( 1,241
2.50 0.000651|-0.00581] 0.01031[-0.00781| 0.1158[-0.1385| 0.0309|-0.2105{ 1.239
4.00 0. 000625 -0. 00513| 0.01015(-0.00750| 0.0915]-0. 1467| 0.0324[-0.2646| 1.405

Table 3(b) Coefficients of interpolation formula of &,, (K=0)

h/d al az a3 a4 as aé a7 a8 a9
1.00 0.00220B[-0.01330| 0.00761|-0,02959| 0.3331|-0.0998| 0.0641 | 0.0382| 0.900
1.10 0. 000391 |~0. 00696 0.00471 (-0, 00468| 0.1784|-0.0863 | 0.0246 | 0.1294 | 0.506
1.25 -0.000163(-0.00134|-0.00209| 0.00222| 0.0607| 0.0300| 0.0094| 0.2002]| 0.706
1.50 ~0. 000266 0.00048|-0.00338| 0.00506| 0.0104| 0.0482|-0.000%| 0.1950 | 0.702
2. 00 -0.000272| 0.00103|-0.00337| 0.00389|-0.0020| 0.0376| 0.0013| 0.0846| 0.835
2.50 0.000355]-0. 00286 0.00304|-0.00363| 0.0392|-0.0364| 0.0189]-0.0716| 1.067
4.00 0.000370(-0.00247| 0.00323|-0.00382| 0.0285|-0.0352| 0.0144|-0.0705| 1.078
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Table 3(c) Coefficients of interpolation formula of ¢ (K=0)

h/d al az a3 a4 aS aé a7 a8 a?
1. 00 0.000379 |~0.00430 | 0.00340 |-0.00144 | 0.0917 |~0.0308 | 0.0073 | 0.0957 | 0.761
1.10 0. 000095 |~0. 00293 | 0.00086] 0.00009| 0.0675]-0.0102| 0.0107 [ 0.0412 | 0,788
1.25 ~0.000045 [~0. 00268 | 0.00437 | 0,00180| 0.0508 |-0.0473 | 0.0057 0.0096 | 0.938
1.50 0. 000349 |~0.00432| 0.00634 |~0.00358| 0.0658 |-0.0788| 0,0213}-0.1150 | 1.115
2. 00 -0. 000266 | 0.00148|-0.00316| 0.003821-0.0144] 0.0353/-0,0009) 0,0355| 0.881
2.50 ~0.000016[~0.00013| 0,00006| 0.00019| 0.0091 [~0.0107 | 0.0069 [~0.0395 | 1.042
4. 00 0.000993|~0.00734| 0,.01197|-0.01130| 0.0865|-0.1409| 0.0319}-0.2338| 1.372

Table 3(d) Coefficients of interpolation formula of ,, (K=00)

h/d al a2 a3 a4 aS aé a7 ag a9
1.00 —0.000905| 0,00646|-0,00945| 0.01399|-0.1082| 0.1579 [-0.0614 | 0.5832 | 0.540
1.10 —0.000611| 0.00427|-0.00609| 0.00984[-0.0773| 0.1154 |[-~0.0445 | 0.4800 | 0.566
1.25 —0.000887| 0.00583|-0.01064| 0,01127|-0.0821| 0.1548|-0,0358| 0.3938| 0.492
1.50 —0.000867 ) 0.00444|-0.00540} 0.01103]-0.0609| 0.0824 |-0.0301 | 0.2619 | 0.727
2.00 ~0.000314| 0,00182(~0.00370| 0.00440]|~-0.0285| 0,0624 [-0.0126| 0.1411| 0.758
2.50 0.000003(~0.00101| 0.00164 |-0.00003| 0.0112|~0.0125| 0.0025|~0.00%90 | 1.004
4.00 0.000359]~0. 00340 0,00673|-0,00369| 0.0367(~0.0730| 0.0116]-0.0976} 1.194

Table 3(e) Coefficients of interpolation formula of &,, (K=00)

h/d al a2 a3 a4 aS aé a7 a8 a9
1.00 0.000638}-0.00247] 0.00065|-0.00515] 0.0186] 0.0243]|-0.0045] 0.2358| 0,981
1.10 0.000562|~0.00418| 0.00516|-0.00674| 0.0501|-0.04%94| 0.0153 | 0.0575| 1.063
1.25 0.000353|-0.00285| 0,00367{-0,00487| 0,0384|-0.0420| 0.0164| 0.0007| 1,050
1.50 0.000663[~0,00415| 0.00495|-0.00922| 0.0586|-0.0695| 0.0313|-0.1235| 1.169
2.00 0.000274( -0, 00204 0,00187|-0,00266( 0.0198|-0.0128( 0.0087(-0.0267| 0.991
2.50 0.000660(~0.00488| 0.00754|~0.00793| 0.0586|~0.090&6| 0.0237(-0.1554| 1.241
4.00 —0.000278| 0.00157|-0.00205} 0.00396(—0.0224] 0,0294|-0,0113| 0.0681] 0.906
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Table 3(f) Coefficients of interpolation formula of kg, (K=00)

h/d at az a3 a4 aS aé a7 a8 a9
1.00 0.0006371-0.00195| 0.00386|-0,00389] 0.0021 [-0.0387 |-0.0346| 0.3246| 1.611
1.10 0.000270| 0.00048{-0.00192|-0.00262|~0.0254| 0.0502]-0.0463| 0.7070| 0.741
1.25 0.000222|-0.00117| 0.00139|-0.0057%| 0.0251|-0.0265| 0.0194| 0.1931] 1.153
1.50 ~0.000290( 0.00189|-0.00364| 0.00286|~0.0216| 0.0463)-0.0042| 0.2353| 0.873
2. 00 0.000622|-0.00435| 0.00622)|-0.00748] 0.0508]|-0.066%9| 0.0224|-0.0381 | 1.147
2.50 —0.000841| 0.00575|-0.01035| 0.00946]|-0.0664| 0.1265|-0,0217| 0.2321| 0.631
4.00 0.000006[-0.00005{-0.00115|-0.00008| 0.0006] 0.0163| 0.0002| 0.0282| 0.923

Table 3(9) Coefficients of interpolation formula of £, (K=0)

h/d al az a3 a4 as aé a7 a8 a9
1.00 0.001670} -0, 00770| 0.00547|-0.01127| 0.0384[ 0.0422|-0.016%9| 0.4470| 0.827
1.10 0.001389| ~0.00987| 0.01341|-0.01418] 0.0960]-0.103&| 0.0197| 0.1469| 0.953
1.25 -0.001702| 0.01297|-0.02477| 0.02165| -0. 1667| 0.3269|-0.0691| 0.7172]|-0.187
1.50 0.001482|~0.01311| 0.02733]-0.01529| 0.1349)-0.2757| 0.0328(-0.1777| 1.440
2.00 0.002282( <0.01889| 0.02753|-0.02866| 0.2356|-0.4632| 0.0837]|-0.6303| 2.232
2.50 —0.000604| 0.00545] -0.01214[ 0.00850|-0,0766| 0.1708]|~0.0242| 0.2493| 0.441
4.00 -0.000361| 0.00225| -0.00338| 0.00553| —0.0353| 0.0548|-0.0208| 0.1464] 0.752

Table 3(h) Coefficients of interpolation formula of k. (K=00)

h/d al az a3 a4 asS aé a7 a8 a%
1.00 ~0.000063( 0.00395}-0.00923| 0.00326[-0.0749| 0.1383 |-0.0471 | 0.6182| 0.742
1.10 0.000322| 0.00060|-0.00617 |-0. 00450 |—-0.0186 | 0.0966 |-0.0096 | 0.4252 | 0.671
1.25 0.000639|-0.00447| 0.00515(-0.00891| 0.0524 |-0.0468]| 0.0204| 0.0907 | 1.056
1.50 -0.000303| 0.00199|~0.00571| 0.00301|-0.0238| 0.0808 |-0.0071| 0.2072| 0.699
2.00 —0.000586] 0.00385(-0.00807| 0.00703|-0.0472| 0.1091 |-0.0187| 0.2109] 0.614
2,50 0.000320-0.00212| 0.00154 |~0.00447| 0.0296|-0.0164| 0.0152[~0. 0450 | 0.991
4.00 0.000555|~0.00487| 0.00894|~0.00666] 0.0599|-0.1075| 0.0201[-0. 1616 1.286
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Table 3(i) Coefficients of interpolation formula of k¢ (K=00)

h/d at a2 a3 a4 a5 aé a7 a8 a9
1.00 0.000395[-0. 00265 0.00363 [-0.00162| 0.0132(-0.0088 |-0.0046 | 0. 1533 | 0.908
1.10 0.001308 |-0.00917| 0.01319 [-0.01570| 0.1100 |-0, 1533 | 0.0444 |-0.2048 | 1.364
1.25 | 0.000032[-0.00023| 0.00038]-0.0003%| 0.0028] 0.0003| 0.0035| 0.0%15| 0.943
1.50 ~0. 000599 | 0.00419|-0.00720 | 0.00594 [-0.0415| 0.0764 |-0.0091 | 0.1138 | 0.789
2.00 ~0.000010[-0.00017| 0.00012| 0.00012| 0.0025|-0.0019| 0.0021 |~0. 0027 | 0.997
2.50 0.000018|-0.0008%9| 0.00286| 0.00102| 0.0019|-0.0193 [-0.0043| 0.0163 | 1.011
4.00 ~0.000000| 0.00000[-0.00000-0.00000[~0.0000| 0.0000| 0.0025|-0.0145| 1.019
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