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The Wave-Cancelling Effects of Waveless Bulb on the High Speed Passenger
Coaster M/S “KURENAI MARU” (Part II-The Full-Scale _E:xperiment)
By Michiya Shigemitsu, Member
and Keiji Kai, Member
Summary

Thi’s“.l'i';.s.the second one of the three eonnected papers. This part concerns the full-scale experi-
ment on the high speed passenger coaster M/S “KURENAI MARU”, where a comparison is made
between two different hull forms with and without the attached large bulb, which was specially
designed according to the Waveless Form Theory.

Descriptions are made on the results of the turning test and the so-called serpentine test(zigzag
test) as well as on the ordinary speed trials. »

Besides a small amount of unexpected bottom fouling effeets upon the hull resistance, coincidence
is satisfactorily good between the tank predictions (refer to the First Report) and the trial results.

Concerning the manoevering characteristics, the attached large bulb F 4 has demonstrated itself
as effective in decreasing ‘somewhat the values of K’ and T', where K’, T’ are the dimensionless

indices of manoeverability, recently introduced by Prof. Nomoto.
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Table 1——Docking Program of M/S Kurenai Maru for the Full-Scalé Test

March 12, 1961 March 13 l March 14 March 15 } " March 16 March 17,
Sunday ‘ Monday | Tuesday Wednesday l Thursday Friday
' o | - R l
No.1 Dry-Docking (Washing No.2 Dry-Docking(Attaching the F4 Bulb, No.3 Dry-Docking{Dstaching the
the bottom) Exchanging the Propellers) F4 Bulb, Restoring the Propellers)
e T o ) e e
Full-Scale Measurement For As Full-Scale Measurement For the Case
Built Condition (Bl Bulb) attached with F4 Bulb
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Fig.1—The Front View of M/S Kure- — 5
nai Maru As Built Condition Fig.2—The Stem Profile of M/S Kurenai Maru

¢awith Small Conventional Bulb As Built Condition (with Small Conventi-
B1) onal Bulb B1)

Fig.3—The Front View of m/S Kurenai Maru Fig.4—The Large Waveless Bulb F4 under Con-
attached with Large Waveless Bulb F4 struction and Fitting to M/S Kurenai Maru
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Table 4—List of Power and RPM Measurements

. %‘g é %”.3;% M erea Y Idicator  chometer | Measured by Torsion Meter (TOGINO TYPE)
g |°0| 8| S8 BHP RPM SHP S— RPM
2 2 EaS Port. lStarb,l Total | Port. IStarb.l Mean | Port | Starb, ugﬁtf;‘:.. Port. ‘ Sta.rb.l1\./‘11‘3,“3'5.1
. 1 ] 10:40 | 1,018 | 1,028 | 2,046 | 188-3| 189.9| 189-1| 972| 1,041| 2,013 2,021 | 187.2| 189-9| 1886
2 | 11:06 | 1,052| 1,093 | 2,145| 189-7| 190.7 | 190-2 | 1,044 | 1,083 | 2,127 | 2,136 189-5| 190.7 | 190-1
g |y 3 | 122 | 1,347 1,362 2,709 | 205-2| 206-4 | 205-8 | 1,306 | 1,360 | 2,666 | 2,677 | 205-3| 2064 | 2059
| |4 |1m:38 | 1,347) 1,378) 2,725 | 204-1| 204-5| 204-3| 1,311| 1,378| 2,689 | 2,700 | 204-8| 204-5| 2047
i 5 | 12:00 | 2,098 | 2,075 | 4,173 | 233.8| 233.7 | 233.8| 1,998 | 2,038 | 4,036 | 4,052 | 231.2| 233.7| 232.5
5T 1216 | 2100] 2120 | 4,220 233.2 | 2337 | 233-5| 2,021 | 2,109 | 4,130 | 4,147 | 231.8| 233.7| 232.8
SRR FRETT 2,558 | 2,604 | 5,162 | 247.0 | 248.6 | 247-8 | 2,487 | 2,534 | 5,021 | 5,041 247-2 | 248-6 | 247.9
¥ S 333 | 2,580 | 2,573 | 5,150 | 2478 | 245.9 | 246.6 | 2,471 | 2,516 | 4,987 | 5,007 | 244.8 | 245.9| 245-4
1 | 10054 918| 948 | 1,866 | 180.0| 180.0 | 180-0 | 878 | 957 1,835 1,842 | 179.9| 180-0 | 180-0
. S EAEET 920| 985 | 1,905 | 180.4 | 181.0| 180-7| 893 | 973 | 1,866 | 1,873 | 180-0| 181.0| 1805
& | |3 (1123 | 1,231 1,308 | 2,534 | 197.4| 195.5| 196.5| 1,160 | 1,259 | 2,419 | 2,420 | 195-8 | 195.5| 1957
© T | 1,230 L,219| 2,449 | 197-3| 197.3| 107.3 | 1,155 | 1,279 | 2,434 | 2,444 | 195.7| 197-3 | 196.5
e 15 [1z08 | 1,700 1,777 3,477 2183| 218.0 | 2182 | 1,617 | 1,767 | 3,384 | 3,398 | 216:6| 218-0| 217-3
s e 22 | 1,720| 1,800 | 3,520 | 218.3| 218.7 | 218:5| 1,637 | 1,788 | 3,425 | 3,430 | 217-4 | 218.7 | 218.1
" 17 12:43 | 2,198 2,277 | 4,475 | 234.3| 234.3| 234.3| 2,052 | 2,238 | 4,290 | 4,307 | 232.9| 234.3 | 233.6
¥ s [13:05 | 2,198 | 2,285 | 4,483 | 234.3| 235.5| 234.8| 2,066 | 2,240 | 4,306 | 4,323 | 233-6| 235.3 | 2345
Note ; BHP*=SHP,x1-004 (Two bearings, loss=0.002 for each bearing)
Table 5—Wind Measurements
'g 5 . 5 :g.:, :§,\ Absolute Wind ' %? ) Relative Wind
£1ols |8 g2 BE Lo ] reanive | W alt irecti ity | Gorrected
A 18| 18| ES | gy |Pirection| Veloclty |~ Wind | Velocity | gg | Direction| Veloclty | Velocity
2 Z fé o av Direct. (n%?ﬁc) 20 (m/sec)
il =
1 |213°] 10:40 15.00 70° 4.8 P 37 48 0-80 P &° 03 ——
T3 589 11206 1416 730 7.8 S 21° 14-2 0-92 S 20° 16-0 152
| 3wl 129 1591 s | 48 P 35°° 60 0-86 P105° 2-5 o
R DY T 14.97 | 60° 72 S125°) 45 | 093 s 21° 16-8 15-9
o [ 5 letse| 12:00 1810 45 7.8 P 43 23 020 —_ 20 -
e T e 359 12:16 16.68 51° 8.0 s & 16-4 097 S 10° 16-7 16-0
% f‘|7213° 13:100 18-83|  54° 73 P 4z 3-8 0-24 | P 75° 3-4 =
¥ [-75_-'330 13:33) 1759 |- 700 | 73 S 16° 15-5 0-92 s 220 17-6 16-0
11 [e1s] 10:54 14704 - 1130 | - 099 P 7 . 7.5 099 | P2° 7-5 7-1
! |2 |38 1:1] 1139 8 19 S 10° 8-6 095 s 29° 86 8-0
g, ‘1213*’[ 11:23 16172  100° 28 P 19° 77 0-92 P 420 8.0 7.2
T a e 1539 w0 o] 26 S 13° 95 093 s 30° 9.4 8.7
i | 5 |213°] 12:04) 17-817  80° 1.5 P g 8.2 0-97 P 2#° 8.5 8.0
& m]T 33°) 12:28 16-510] 400 - 23 s 22 | 108 103 | S 10° 104 | 100
27 e 1zeas 19136 e 20 | P 4 | 80 | 104 | P 80 | 76
Vs Tse 1305 1737 80 | 14 s 3 | 103 104 | S 13 10-0 9-6
feotss

AR - BE : A2~ AOREPRME, - 2RO LREE LFOIAOWER 1-5km DL 5
WP RT AL (B7R), ToBEEREECEIHN 1-5m oXFAZEDT, toLberev vy by
BIVCEEHEXHEMTC, EFMT 10 FESO0FH O #EXRER B L OCEEXEML F5%), AZHETO
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Table 6—Tidal Current Measurements

March 13, 1961 March 16, 1961
Noeod | NEuSf | course | Fofom | (Tokestty | Noodt | Nyt | course | Noflow | Velocity
1 213° Follow 0-22 1 213° Follow 0-16
I [ 33° " Face 0-32 I 2 .33 Face 0-26
: 3 213° Follow 0-37 3 213° Follow 0-33
I 4 330 Face 0-41 T 4 330 Face 0-47
5 213° | Follow 0-47 5 213° | Follow 0.57
¥ 6 33¢ Face 0-49 u 6 33° Face 0-68
o 213° Follow 048 7 213° Follow 0-78
“,N 8 330 Face 0-42 ¥ 8 33° Face 0-88

Note ; The velocity Ve’shows the component of the tide along the course.
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RBZLE 2BEFREOBRB LB EEBYOBEY L b2 5 LITRI L.

2O : FMETHES BARE5hY) - KE - KB - BHEBHE - ftB0REL Ok (E3H),

3.2 EHRBORK

EHRBOMIFICEIB DRI OFELRA L (B7 %) BITORPHEE (RPS~ b1 2 HHER) ©H 8K
e, ¥rOBRERYE 9, 10 RRT (8 10

RUERIED . 3 9 HICHAMRBR, DOREE i e o
B ARTH B, BEOHFETFE BIP wm F e
LTWB, Linl, #E Bl » F4 rogeow g £
CHRILTEE L EOBMARE —HLTVBe T} + veeer omeror Hlam
P bAROHERS (EMRAELT) 500ps | A o s '
KCHUCHAIE 18-45kn(B) m> 19.00 kn(Fd) | - e e
¥TEL (&A= 0-55kn), Fic FHEET) 18-45 Fig.8—Correction c;f4TorJque Cénstant Ky f;r “No
knCORTEE % 5 & 5,400 ps(B1) 534, 690 Wind Condition”

ps(F4) ¥ TFA% (BHE 710ps). Tinbbi
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Fig.9—Result of Analysis of Speed Test on
Maru

M/S Kurenai
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Table 8—Analysis of Roughness Correction 4Cyr

With B1 Bulb With F4 Bulb
Froude Number .267 .289 .316 .333 . 267 .289 .316 .333
BHP 2,115 2,895 4,280 5,520 1,995 2,630 3,765 4,775
DHP 2,014 2,757 4,076 5,257 1,900 2,505 3,586 4,548
N' (RPM) 192 208.5 235 253 185 201 224 240
n (RPS) 3,200 3,492 3.917 4,217 3,083 3,350 3,733 4,000
Vs’ (Knots) 14.87 16. 06 17.60 18.55 14.87 16.06 17.60 18.55
Vs (m/sec) 7.649 8.261 9.053 9.542 7.649 8.261 9.053 9.542
K, 0. 02204 . 02324 . 02465 . 02584 . 02433 . 02506 . 02609 . 02683
J .801 781 757 737 .834 . 823 . 805 794
v 7.049 7.500 8.154 8.547 7.019 7.527 8.204 8.670
l-w .922 .908 .901 . 896 .918 911 .906 . 909
“Np .719 .704 .702 .692 .707 .705 .701 . 697
Ny 1.018 1.014 1.012 1.005 1.017 1.017 1. 008 1.001
1-¢ .854 .857 .851 844 .851 .855 847 .838
) .678 .674 .671 . 655 . 667 .673 .661 . 643
EHP 1,365 1,858 2,735 3,443 1,267 1,686 2,370 2,924
7w . 00335 . 00437 . 00563 . 00657 . 00300 . 00344 . 00422 . 00496
EHP, 361 593 1,005 1,374 326 470 759 1,045
EHPy 1,004 1,265 1,730 2,069 941 1,216 1,611 1,879
Cs(Rough) . 00260 . 00261 .00271 . 00276 . 00234 .00240 .00242 . 00241
Cro . 00147 . 00145 . 00143 . 00142 . 00147 .00145 . 00143 . 00142
C(Smooth) = (1+0.30)Cyo . 00191 . 00189 . 00186 . 00185 . 00191 : .00189 .00186 . 00185
4C y=C ¢(Rough)—Cs(Smooth) . 00069 . 00072 . 00085 . 00091 . 00043 . 00051 .00056 . 00056

Note; Cy, is based on Hughes’ 1954 Line
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BREADTH OF KEEL BLOCK AB.03™
CLEARANCE BETWEEN KEEL.BLOCKS AB.0.6~07™
NUMBER OF KEEL BLOCKS AB. 80
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e
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Fig.11—Arrangements of Keel Blocks at Dry
Docking on March 13,1961
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Table 9—Analysis of Equivalent Difference of Propeller Efficiency

Froude Number . 267 .289 316 .333
Cy’ . 00234 .00240 .00242 . 00241
EHP; 902 1,165 1,547 1,803
EHP 1,263 1,758 2,552 3,177
n .627 .638 .626 .604
np’ . 665 .666 .655 .638
N9 .719 .704 .702 .692
Np—np’ .054 .038 047 .054
p—n9")/19(%) 7.5 5.4 6.7 7.8
WITH F4 BULB

3
Left-for As

Built Condition with Small Conventienal Bulb B1

Right-for the Case attached with Large Waveless Bulb F 4)
Fig.12—Result of Serpentine Test on M/S Kurenai Maru

Table 10—Results of Serpentine Test on M/S Kurenai Maru

Ky' Tw' K'®® T'ee
With B1 Bulb 1.05 1.49 0.95 1.65
With F4 Bulb 0.84 1.46 0.77 1.44
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AR 17-5kn CHEHE I ERE—HR (35°) RIAEL P R
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Table 11—Results of Turning Test
on M/S Kurenai Maru

"
(A8 4.0Les)

;¢:——"

~
MAXIMUM T 316M
L MAXIMUM T 327M _(AB.4.1 Lsw)

R L/R K,'=(L/R)/op

With Bl Bulb 312m 0-513 0-84
‘With F4 Bulb 336m 0-476 0-78

4

Y . AQVANCET 3™ (AR WLsn) |

~|

g SN

Remarks : R=Radius for steadyturning circle
L=Lgp
fr=Rudder angle (in radian)

BRI L F4 UL S TIRIER K iR x

R, BEHOLTFIEETER LTS, EﬁﬁNMK%&ﬁﬁﬁtigﬂ

Fig.13—Result of Turning Test on M/S Kurenaj
Maru
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3) Bo-HN:BEERBEOH LW Ao\, BiERaLLE, 18 & (1§ 34-8)
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Fig. A1—1/150 Double Model of M/S Kurenai
Maru for Wind Tunnel Experiment - RBREAFEIHENARA ¢=0" XL, T O REERR
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Fig. A 2—Curves for Resultant ‘Wind Force
Coefficient Cr
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Fig. A 3—Curves for Direction of Resultant
Wind Force a?
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Fig. A 7—Effect of Position of Windvane upon
the Measured Wind Velocity
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