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Study on the Prediction Method of Ship’s Powering Performance
Using the Data Bank
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Abstract

The statistical analysis system is necessary to predict the resistance and powering
performance quickly and precisely at the initial design stage. The authors propose the
several functions of the performance prediction program and the structures of data
bank. The program includes several series charts, regression coefficients and adapted
regression analysis method based on the data bank to predict the resistance and
propulsive coefficients. The calculation procedure to find out the principal dimensions
and open-water efficiency of the optimum propeller is also included. The evaluation for
the program and data bank is conducted by the arbitrarily selected 14 ship models.
The results show good agreement with experiments within 5 % mean prediction error.
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N =

B Breadth of Ship

BP Taylor’s Propeller Coefficient

CB Block Coefficient

CR Residual Resistance Coefficient

Dia  Diameter of a Propeller

Fn Froude Number

LCB Center of Buoyancy from Midship
Positive for Forward

LPP Length between Perpendiculars

PD Delivered Power

P/D  Propeller Pitch Ratio

TA  Draft at AP.

Tmean Draft, Mean

t Thrust Deduction Fraction
w Wake Fraction
) Taylor's Advance Coefficient

70  Propeller Open-Water Efficiency
7R Relative Rotative Efficiency
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2 5018807 FULL L. 1 n
. 79000 .00000 6.00000 2.66667 16.00000 . 56667
L1236 . 1359 . 1483 . 1606 . 1730 . 1792 . 1854 . 1915 . 1977 . 2039 .210)
.685 .774 .870 .950 1.019 1.055 1.105 1.225 1.335 1.500 1. 680
. 1236 . 1359 . 1483 . 1606 . 1730 . 1792 . 1854 . 1915 . 1977 . 2039 . 2101
L2731 . 2548 . 2310 . 2145 . 2032 . 2014 . 1999 . 1982 .2092 . 2077 . 207
. 4131 . 4058 . 3986 .3925 , 3870 .3851 .3847 . 3775 . 3688 . 3607 . 352

1.03081.03571. 03551. 03921. 03811. 03351. 03111, 02881. 02731. 02381. 0177

Fig. 1 Summary file for adapted regression
analysis
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Fig. 2 E-R diagram of the model test result in
data bank
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Fig. 3 E-R diagram of the summary file
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(1) CR : CR ¢4 (2=H1814E)
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Subroutine PPRPI
Start

Design option ITAR= 01: Dia, Z, V

02: Dia, Z, PD
03: N , Z PO
—
Supplement ©  N=100rpm , 10=0.65
[ P Dia=B/5 , V=max.V
[catcutate © vt w R, pE, PO |

I TAR=
01,02 I TAR=03
NI =N N1 = N2 Nl =N

EAR#
lOpt.BP—& curve=>| 8 | 8 l l 8 I I 8 ]
IOpL BP-P/Dcurvel = P/D P/O P/D l P/D
no n0

Opt. BP-70 curve]=> I no l 70 l | l
‘Burri {1's crit. l=> base base base
EAR#1 EAR¥2 EAR#3

interpotate : EAR

1TAR=D)
Calculate PD {2 Hifne=n f—l

02
L Calculate V. tw.7R.PE | N2 [ if N2=NI

03
Calculate V, t.w. 7R, PE | N3.Diaf-| if N3=N

Fig. 4 Fiow chart for the prediction of propeller
open-water efficiency

(3) DB : DB2] 4#3)7&4
(4) DC : DB} FAMIY Ho

zedy G5888 FAH) AsiM dF 84
7HEHNA A=t ES gt

(1) IN - Z2HE)A 93 GEEATAH g

(2) K1 : 84 BP-8§ 43 Bumrille] 7iu}glo]
A B87)|FE |83l s AdAnt
AEe Ax HA Ao FaAdyt
9EES AN

Ay zzae AWte thest ol 37 44
&y Ne}ER sgom, zhz Figdsh 2ol
27) ARAZRE R Akl RPIES B

£

Subroutine DBCON
Start

LSet range of variable / NOTRY=0 ‘l
—

|
/_NOTRY=NOTRY+1 |

[open 0.B.1i0e

Read D.8. file

LRemove the ship if not singfe screw_]

I
I 1

when NOTRY 2 | range up 20% LRennve if deviate Vs ]

Remove if deviate LCB/L I

when NOTRY > 2 range up 20% | | | Calc. CR fromFn |
I

[ Calc. t fromFn J

Remove if deviate L/B

when NOTRY = 3 range up 20%

Remove if deviate CB I

when NOTRY = 4 range up 20% [ Calc. w from Fn I
Remove if deviate B/T

when NOTRY : S range up 20%
Remove if deviate L/T

when NOTRY > € range up 20% [ Write selected data l

L Calc. nR from Fn l

Remove if deviate Dia/T at finked fite

e =
No.of ship { 12 at (DB) next ship

end of SMI file

No.of ship (3 at (DC)

1
l Muitiple regression a. 1 [Calcula;e CR, t,w and nR‘I
rom mean

Calculate CR, t,w and 7R
from regression resuit

L

Fig. 5 Flow chant for the prediction by adapted
regression analysis
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Py Po 23+ (%)
Ay AA&E |A8AA [ HKAHA Y | Yamagata

(23AY)| 84 BT 1
280K | 25267 | -004 | - 135 5.80
135K 16,379 1224 | 1343 1487
126K 8,888 925 | 1564 755
200K 10,669 1255 | 1145 193
50K-A 7,903 051 534 7.00
50K-B 7,711 2.23 494 1056
44K-A 8487 | - 206 | - 311 | - 007
44K-B 8,026 373 249 5.43
3K 8057 | - 029 5.40 1.66
M00TEU | 15118 125 | - 1714 1199
2500TEU | 16,660 070 | -33 | -0l
2670TEU | 23432 339 424 3.15
2200TEU | 14,830 8.16 415 432
4200TEU | 27980 | -1178 6.01 405
o3 Wa 285 454 558
EZHA 6.34 590 448
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(4) ¢o2 Yamagata £F 5 7|&9] F3H2]|
&) delElMAe)] = HYPAPARE o)4sld
FAZE A FE #8448 =Y £ ey}
Bl
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Vol.75, 1958.

[2] TaganoH., "A Study on the Prediction of
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University, 1975. (Japanese).
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Prediction for Transom Stern Hull Forms
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POWER ING PERFORMANCE PROGNOSIS [PN7]
FILE NAME: sts40y3. eun 11-may-93
SHIP NAME: 40K - YAMAGATA ... LWL (M): 183.000 CB:0.7900 BLR:0.0242
SCALE : 28.0000 LOAD : FULL LOAD S (M2): 8100.0 CM:0.9952 BBR:O0. 1851
LPP (M):174.500 TF M): 11.000 SBK (M2): 84.0 Cw:0.0000 BHR:0.6364
B (M): 32.200 TA (M): 11.000 AT (M2): 0.0 CP:0.7938 BAR:0. 1000
NOPROP 1 TMEAN(M) : 11.000 DISV(M3): 48900.0 LCB(M) [FWD:+] 2.611
PROPELLER DIMENSION -—= - ———
FILE : D (M): 7.122 PRO70 0. 7657 NPB: 4 EAR:0. 4021
SEA WATER CONDITION =—m== == e e e mem e
TEMP(D.) :15.00 DENS. (KG/M3) :1025.87 K.VIS. (M2/S):1. 1873E-6
PROPELLER DESIGN CONDITION ---- -- -
DEL | VERED POWER (PS): 8000. NPB: 4
PROPELLER REV. (RPM): 80.00 SHAFT IMERSION (M): 7.300
SHIP SPEED VK (KNOT): 10.000 11.000 12.000 13.000 14.000 15.000 16.000
FROUDE NUMBER FN : 0.1214 0.1336 0.1457 0.1579 0.1700 0. 1821 0. 1943
EFFECTIVE POWER PE(PS): 171t. 2299. 3037. 3960. 5099. 6544. 8418.
DEL IVERED POWER PD(PS): 2353. 3161 4175. 5442, 7006. 8991. 11563,
REVOLUT ION N(PRM): 55.08 60.57 66.07 71.56 77.05 82.54 88.03
RESIDUAL RES. CR(E-3): 0.765 0.805 0.861 0.934 1.021 1.139 1.302
TOTAL RES.C. CTS(E-3): 2.225 2.246 2.285 2.344 2.416 2.521 2.672
PROP. ADVANCED C. JA : 0.549 0.549 0.549 0©.549 0.549 0.549 0.549
THRUST DEDUCTION THDF: 0.224 0.224 0.224 0.224 0.224 0.224 0.224
M. WAKE FRACTION WFTM: 0.353 0.353 0.353 0.353 0.353 0.353 0.353
S. WAKE FRACTION WFTS: 0.302 0.302 0.302 0.303 0.303 0.303 0.303
HULL EFFICIENCY ETAH: 1.113 1.113 1.113 1.113 1.114 1.114 1.114
RELATIVE ROT.E. ETAR: 1.020 1.020 1.020 1.020 1.020 1.020 1.020
PROPELLER O-W.E. ETAO: 0.641 0.641 0.641 0.641 O0.64t 0.641 0.641
QUS| -PROPULS. E. ETAD: 0.727 0.727 0.728 0.728 0.728 0.728 0.728
ANALYSIS METHOD s m e ———— -
= MODEL-SHIP CORREL.LINE: 1957-1TTC  » WITH AIR RESISTANCE : CAA= 0.001000
« 2-DIMENS |ONAL METHOD *» WITH BILGE KEEL RESISTANCE
« CORREL.ALLOWANCE (2-D): CA=-0.000130 =« WITH CP-CN CORRECTION: CP= 1.0000
CN=  1.0000
PROGNOS!1S FORMULA ——-- - - -
= RESISTANCE PREDICTION : YA : MODIFIED YAMAGATA [JKSNA NO. 177]
= THRUST DEDUCTION FRACTION : K1 : TAKASHIRO [JKSNA NO. 177]
= WAKE FRACTION OF MODEL SHIP : K1 : MODIFIED LAMMEREN
= RELATIVE ROTATIVE EFFICIENCY @ K1 : KIMM
= SCALE EFFECT OF WAKE FRACTION : IT : 1978 ITTC METHOD
= PROPELLER SELECT. AND CHARACT. : K1 : REFORMED MAU BY OPTIMUM BP-DELTA
= PROPELLER CAVITATION CRITERIA : KI : BURRILL"S CRITERIA
= WETTED SURFACE AREA IN : SAME AS INPUT DATA
Fig. 6 A sample of output table for the 44K huli form
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