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The Prediction of Ship’s Powering Performance Using
Statistical Analysis and Theoretical Formulation

by
Eun-Chan Kim*, Sung-Wan Hong** and Seung-Il Yang*

Abstract

This paper describes the method of statistical analysis and its programs for predicting the
ship’s powering performance. The equation for the wavemaking resistance coefficient is derived
as the sectional area coefficients by using the wavemaking resistance theory and its regression
coeflicients are determined from the regression analysis of the model test results. The equations
for the form factor, wake franction and thrust deduction fraction are derived by purely regre-
ssion analysis of the principal dimensions, sectional area coecfficients and model test results.
The statistical analyses are performed using the various descriptive statistic and stepwise
regression analysis techniques. The powering performance prognosis program is developed to
cover the prediction of resistance coefficients, propulsive coefficients, propeller open-water effici-

ency and various scale effect corrections.
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7] % (Nomenclature)

Symbol C.Symbol Description

B B Breadth of ship

BAR BAR Bulb area ratio based on midship
section area

BBR BBR Bulb breadth ratio based on ship
breadth

BHR BHR Bulb height ratio based on draft
at F.P.

BLR BLR Bulb length ratio based on L,,

B, BP Taylor’s propeller coeflicient
based on delivered horsepower

Cs CB Block coefficient

Cu CM Midship section coefficient

Cw CW Wave-making resistance
coefficient

D, DP Diameter of a propeller

EAR EAR Expended area ratio

F, FN Froude number

fi FI Sectional area coeff. at ¢ station
based on midship section

H;; Regression coefficient

K, Wave number

k C3 Form factor

L L Ship length in general

L LCB Center of buoyancy from mid-
ship; Fwd. is positive

Ly, LPP Length between perpendiculars

N N Propeller revolusion

P PE Effective Power

Pp PD Delivered Power

P/D PR Propeller pitch ratio in general

S S Wetted surface area of a ship

SBC SBC Stern breadth ratio at 0.5/10
station and propeller shaft posi-
tion based on ship breadth

SB07 SB07 Stern breadth ratio at 0.5/10
station and propeller upper0.7R
position based on ship breadth

T T Draft in general

3 THDF Thrust deduction fraction

w WFTM Taylor's wake fraction in model

KBS EEE H26% H 49 19895 12/

15
] DELTA Taylor’s advance coefficient
70 ETAO Propeller open-water efficiency
7R ETAR Relative rotative efficiency
14 DISV Displacement volume
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Fig. 1 Fundamental conception of the powering
performance prognosis systemn with stati-
stical analysis
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Table 1 Correlation coefficients for the resistance and propulsive coefficients

WITHOUT CONVERTING
C3 o]

CONVERTING BY LOGIO(CX)

THDF ~ WFTN  ETAR C3 o THDF WFIN  ETAR
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NEAN
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Table 2 Comparison of the regression analysis results for the wave making resistance coefficients Cy
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NO.
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ek el -5 4
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STD. ERROR
OF REG, COEF,

REGRESS 10N
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CORRELATION

DEVIATION

.1735575E+00
IN
STANDARD

RE142C2.

.4057701E+00
MEAN

ERROR OF ESTIMATE
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40
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e
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Table 3 Regression coefficients of Cy using the product of selected scctional area coefficients in
F,=0.12, 0.14, 0.16 and 0.18

VARIABLE

olw fiiz wAd R, 8.5, 10,

St L

7.5 9, 7,

0.75, 1,

1267 # 4% 10894 121

g Asge

FN=0,12 FN=0.14 FN=0.16 FN-0.18_
H11 6,.23140E+05 0.49454E+05 0.16115E+06 0.48319E+06
H12 0.77862E+04 0,53383E+04 0,.32113E+04 -0.63582E+05
H13 ~0,56956E+0b -0 21087E+06 -0.56933E+06 -0.11915E+07
H14 -0.80890E+05 -0,56320E+05 -0.19136E+06 -0.63794E+06
H15 0.3585BE+05 0.15570E+06 0.40323E+08 0.75066E+06
H16 0.18898E+05 0.84992E+05 0.21900E+06 0.53609E+06
H17 -0.11095E+05 -0,34307E+05 -0.12120E+06 -0.3464BE+06
H18 -0.10359E+04 -0.,32740E+05 -0.21331E+05 0.59477E+05
H22 -0.57880E+03 -0,14227E+04 -0.14096E+04 -C,16880E+(5
H23 ~0.,16446E+05 -0,37828E+05 -0.65360E+05 -0,14833E+06
H24 -0.2B625E+04 0.14839E+04 0.35209E+04 G,56974E+05
H25 0.12063E+05 0.31987E+05 0.56804E+05 0.14900E+06
H26 0.14427E+05 0.16854E+05 0.53218E+04 -0,268626E+05
H27 -0.11921E+05 -0,1B666E+05 -0,20237E+05 -0,B0894E+04
H28 0.64902E+03 0.1438B5E+05 0.49344E+05 0.12978E+06
H33 -0.50162E+04 0.10248E+05 -0,14287E+06 -0.17320E+07
H34 0.45724E+05 0.12663E+06 0.32503E+06 0.99853E+06
H35 0.33234E+05 0.85417E+05 0.55203E+06 0.36119E+07
H36 0.27607E+05 -0.45582E+05 0.46738E+04 0.34278E+06
H37 -0,.37254E+05 -0,23592E+05 0.25974E+0bH 0.70431E+06
H38 0.20105E+05 0.92042E+05 -0,43294E+05 -0,12510E+07
H44 0.97539E+04 0,17287E+05 0,.69580E+05 0.24774E+06
H45 -0.31149E+05 -0.86355E+05 -0,28929E+06 -0,7381BE+06
H46 -0.32863E+05 ~0.86259E+05 -~0,19407E+06 -0,52153E+06
H47 0.19685E+05 0.40450E+05 0.97571E+05b 0,.22231E+06
H48 0.76361E+04 0.30906E+05 0,.39370E+05 0.15326E+06
H55 ~-0,23688E+05 -0,80679E+05 -0.36346E+06 -0,17815E+Q7
H5€ -0.30107E+05 0.18498E+05 -0.B0396E+05 -0,46393E+06
H57 0.31799E+05b 0.18201E+05 -0.40157E+04 -0,55844E+06
H58 -0,11762E+05 -0,59029E+05 0.83073E+05 0,.11428E+07
H66 -0.95893E+04 -0,2923BE+05 -0,11278E+06 -0.50026E+06
H67 0.40248E+05 0.71674E+0C5 C.16654E+06 0.416516E+06
H68 -0.19595E+05 -0.14305E+05 0.B476BE+05 0.78697E+06
H77 -0.22131E+04 0.1028B6E+05 0.30292E+05 0.21485E+05
H78 -0.48071E+05 -0.12681E+06 -0.32586E+06 -0,74121E+06
H88 0.40807E+05 0.93792E+05b C.17B94E+06 0.39376E+05
INTERCEPT 0.69683E+05 0.13599E+04 0.15983E+04 -0.15676E+08
MULTIPLE 0.88301E+00 0.91352E+00 0,92465E+00 0.91687E+00
CORRELATION
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Table 4 Comparison of the descriptive statistics
for the form factor k between the vari-
ous converting of independent variables

DATA FILE ID. --- REGI44K2 (WITHOUT CONVERTING)
NEAN 3 1,0010 YARIANCE: L0214 STD.DEV.: L1463
STD,ERR. : 0122 SKEWNESS: 0423 KIRTOSIS: .0798
NINTMUX : .5235 MAXINUM : 1.4266 RANGE  : LB8TL
Pi : 5295 ps H 7553 P10 : . 8050
P2s : 9031 Psg : 9803 P75 H 1.1074
P90 : 1.1806 P35 : 1,2310 P99 : 1.3243

DATA FILE 1D. - REG144K3 (CONVERTING BY LOG10(X))
MEAN B 1.0118 VARIANCE 0219 STD BEY .- L1481
STD.ERR.: 0123 SEEWNESS : L1039 KIRTOS1S: -, 1584
NINIMUY ¢ .5809 MAXINUK : 1.4147 RANGE - B339
Pt H 5809 P5 : L1734 P10 B 8168
P25 H 8106 P50 : 1.0110 P15 : 1.1080
P90 H 1,1952 P9s H 1,2521 P93 H 1.3105

DATA FILE ID,  --- REGI44K4 (CONYVERTING BY SQRT(X))
NEAN H 1,0055 YARIANCE: 0213 STD.DEV . : . 1460
STD.ERR.: L0122 SKEWNESS: .0807 XURTOSIS: 1085
NININUM ¢ L5599 KAXTHUN : 1.4295 RANGE 3698
P1 : 5599 Ps : Rt I3t : 8222
P25 H 9184 P50 : 9796 P75 : 1.0992
P30 : 1.1898 P35 H 1.2410 P99 : 1.3466

TATA FILE ID. - REGI44KS  (CONVEXTING BY (X)#92)
KEAN : 1.1726 VARTANCE: 4,8466 STD DEY.: 2.2015
STD.ERR.: L1835 SKEWNESS: 11,6731 KURTOSIS: 135.8196
NININUM : 4721 MAXIMUM : 27,3496 RANGE 26.8775
Pl AT PS5 : 7561 Pi0 H 8061
P25 : 8926 PSC : 9845 P75 : 1.0829
P90 H 1,1641 P35 : 1,2394 P39 : 1.3372

ALY ALE r=0.01784 FL AL d2 4
Lt
5.2. HaM S

A4AT b 245 9E sARUL

(@) 545 b 292 A4 DAY 7849
3%

(b) 4584 kel 4228 Asked DAY A%
A A

(@ F&us kol AFTL bl AN 372G
A%

@ F545 kol A5e s A2 HALA
43
o WAA R 4qste] v mste] moleh. Table 4320
WA Qe AAomyY TR k) AspEel A 7]

e

EEAFEL vinet gleh oS waa)
=0

Journal of SNAK, Vol. 25, No. 4,

Table 5 g2 293, ofwje] TRzt 347
Ea 3, BERS 44, A7 240

% Fig. 304 e F3 g},

5.3. HHEH|

B wel 3¢ 9% ¥AENE d4n nig
B M4Fe A8 BE AdE9AYE o] 5% gAY 3
T4 53t dgivh AEA AFHE Table 50
Eig %J_%i°r=1 FARA TE r=0.88424 £ o9

1o
e b

F 2oz ek ol mzslel AYE Agsg e,
29 wAdA xEde AYE TeolE H
A5 4A0] ze] Folo] BE FAAS WS
Bl v Gshehn Basgls] @ Folth.

5.4, U

%%7}%—6} SRR ﬂs,m
. 4nEEEE

w&mm el $4% 0T ANRYEe 144 ¥
2AL M Ao ZE AT ol 4% wAY
SAEA¢ ol A9k HALA A Table 5o
A Aded FAAA5E r=0.32124 8% 4
gt doleh grueh webd * 47 4v34 =
2adlAs 4AAAEEE 1022 S Lol

g g v R gA g
A, 4% FAATFAE X AFolAe]
u] "245}01 R7HA e A g ¢ QR sy
zasle) AEAEE F45) AaA A4 Bps 3
A9 Burrille) Auldel 4 | 475 ol fubi vy
& Aol Aesgh o e w4 MAU zZan
Aele] By~d o miir] i
Aol Fig. 49 22 #A B,35, 37 B,~P/D, 2
A By HAE BAF, AAwiAn Wi ey ol
otk AANge Ad AFFAAFD g maa
B A4, WS, 4AAIEY(2E AASR)]
relAnl Fig 5o} zh0 shg o w masleje] A4

HHARE Aabsinl o

L,
Ly
4
B
{J
N
Pt
I
l
2
-
|
1
1o
S

December 1989



SANAS ol 2 g o) &3 AGFNAYT 34 5

FILE NAVI ¢ oilddny FILE NAME : CR144K2, IN

X DATA NAMES (NO. ) (1) X DATA NAME (NO,): C3 -TEST (1)

¥ ODATA NAME (NO. ) (2) Y DATA NAME (NO.): €3 -TEST / ESTIMATE ( 4)

X . 005 305 . 405 Yx 005 . 105 205 305 .405
392 : 1,775 ¢ :
379 : 1.725 @ :
366 : 1,675 : :
352 : 1,625 : :
339 : 1.575 ¢ :
1326 ¢ : 1,525 : :
313 : 1 : 1,475 : :
299 1 1 1.425 : 1 :
286 11 : 1,375 : :
273 11212213 12 : 1,325 : 11 :
259 1332 21111 : 1.275 : 1 11 :
246 123126111 12 : 1,225 : 11 1 11

233 : 111 112 2523° 11 : 1.175 = 11 1211 221 :
219 : 141 331342 : 1,125 : 1t 1321211 2 :
206 : 1112 211 1 : 1,075 : 2 11114111 :
193 : 1 1311t : 1,025 : 2 111223 2 11 :
180 : 1 112 : 975 ¢ 2 1 2222521121 :
166 : 111 : 1525 : 11 131221421 :
153 2 2 21t : 875 : U1t 11311 :
140 : 1 : 1825 to2112§1 1 :
126 = : 775 11311 :
113 : : L7125 1711 :
100 : t : .675 1 :
086 : : 625 :
073 : : 575 :
060 : : .525 1 :
047 : : 475 :
033 : : 1425 :
1020 : : 7 :
007 : 325 :

X L9005 105 . 205 .30 .405 X .005 .105 . 205 .305 405

FILE NAME : CR144K2. IN FILE NAME : CR144K2.IN .

X DATA NAME (NO.): C3 ~TEST (1) X DATA NAME (NO.): C3 -ESTIMATE (2

Y DATA NAME (NO.): €3  -RESIDUAL { 3} Y DATA NAME (NO.): C3 -TEST / ESTIMATE ( 4)

\\ 005 105 205 305 405 YX 005 105 205 305 .405
096 : 1 1,775 : :
1090 1.725 : :
7083 : 1,675 : :
076 : 1 11 1.625 : :
.070 : i 1,676 : H

063 : 11 1.525 : :
1057 : 1 1,475 : :
050 : 1 1 1.425 : 1 :
1043 : 1121 1.375 : :
L037 : 11 21211 2 1,325 : 11 :
030 : 1211 1.2175 = 1 11 :
S023 : 11t 221 1 1.225 : 2 1 111 :
017 ¢ t 41 1131 1,175 : 11 2122 21 :
1010 : {22121 1§ 1.125 : i 113411 11 :
1003 : 2112811 1.075 : 2 12 512 :
-.003 : 21 11113 12 1,025 : 211 31228118 :
~.010 : 11111121221 .975 : 2 11123152 4 { :
-017 ¢ 1 241 1111 11 925 : 1121122134 :
~1023 : 111 11131 875 : 1111 3 22 :
1030 : 1 1111 1825 ¢ 11211 :
1037 1t 22 L1715 ¢ 1 2211 :
~1043 : 11 725 ¢ 1 11 :
-.U50 : 11212 11 1 1675 : 1 :
~1057 : 1 1625 - :
~1063 : 1 575 :
-1070 : 1 1 525 1 :
-1077 ¢ 475 :
-.083 @ . H :
~.090 1 : . : :
-097 : . . :

X 005 105 205 305 405 X .005 105 205 105 . 405

Fig. 3 Cross tabulation for the estimated form factor %
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Vol. 19, 1972,

(3] Holtrop, J., “A Statistical Re-Analysis of Res-
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Table 6 A sample output for the program PN

SHIP NAME: M307501.5B e ()
SCALE : 28,3330 LOAD : FULL LOAD S (M2):
LPP (M):170.000 TF (¥):
B (M): 28,038 TA (i)

174,220 (B: |
6407.4  (X: 3900 BRR:
9,768  SBE (¥2): 0

7950 BAR:

9.769 AT (MD): .0 C:

NOPROP = 1 THEANO: 9.769  DISVCM3): 33211,  LCBONFWD:+] :
SECTIONAL AREA COEFFICIENTS : FICKX)*ACX)/AM --=------nn

X- 0,0.25,0.5,0.75,3,1.5,2,2.5,3,4,5,6,7,7.5,8,8.5,9,9, 25 0.5 9 76,AD STATIONS
015" 085 199 321 447 656 828 .943 088 1,000 1. 00« 1.000 1.000
992 958 856 472 527 363 172 000

STERN BREADTI RATIO AT .5

PROPELLER DIMENS!ON --
FILE : KP354 DIA. (W):

SEA WATER CONDITION
TEMP(D.):15.00 DENS.(KG/N3):1025.87 X.VIS.(M2/S):1,1873E-§

FROPELLER DESIGN POINT === v =ewee e o ceee e oo
DELIVERED POVER(PS): 4000, FROP. [ERSION (M) 7,000

+0000
3.196

ST.: SBOTO(P UPPER 0.7k}« 1880 SBC(P.CENTER)= 1420

6140 OO ;7123

NPB: 4

EAR: (3419

SHIP SPEED VK([NOT)f 9.642 10.446 11,250 12,053 12
FROUDE NUMBER FX L1200 .1300 1400 .1500

EFFECTIYE POWER PE(PS): 1193, 1524, 1923, 2400, 2985, 3746. 4756,
DELIVERED POWER PD(PS): 1512, 1930. 2433, 3034, 3776. 4729. 6001,
REVOLUTION NCPRN): - 61.87 66,96 72.05 77.14 62.23 87.21 92.39
WAVE RES.C.  OKE-3): .02 052 083 142 217 335 517
TOTAL RES.C. CTS(E-3): 2.187 2,198 2,226 2.253 2,312 2.415 2584
PROPADVANCED C. JA : 517 517 517 517 517 817 .517
THRUST DEDUCTION THDF: 190 190 190 190 190 .190 .130

M. WAKE FRACTION
S. WAXE FRACTION

WETH: 46 46 446 46 46 446 M6
WFIS: 340 340 341 341 342 342 343

HULL EFFICIENCY ~ ETAH: 1.226 1.227 1.228 1.229 1.230 1.231 1.232
RELATIVE ROT.E.  ETAR: 1.020 1.020 1.020 1.020 1.020 1.020 1.020
PROPELLER O-W.E. ETAO: .631 .63t .63l 631 .631 631 631 -
QUSI-PROPULS £, ETAD: 789 780 .730 .%91 792 792 793

ANALYSIS METHOD == - o oo c e

& MODEL-SHIP CORREL.LINE: 1957-1TIC = WITH AIR RESISTANCE : CAA- .001000

* 3-DIMENSIONAL NETHOD : (3- 2810 WITH BILGE KEEL RES|STANCE

¢ COKREL ALLOWANCE(3-D): DCF+ 000158  # WITH CP-CN CORRECTION: CP=  1.0000
CN= 1.0000

PROGNOSIS FORKULA === -mmmmmm s oo oo e oo oo
= RESISTANCE PREDICTION + REGRESSION A. BY SECT.A. FRON 142 SHIPS
~ THRUST DEDUCTION FRACTICN ¢ REGRESSION ANALYSIS FROM 144 SHIPS

= WAKE FRACTION OF MODEL SHIP  : 52 : REGRESSION ANALYSIS FROK 144 SHIPS

= RELATIVE ROTATIVE EFFICIENCY  : Ki : KINX

= SCALE EFFECT OF WAXE FRACTION : IT : 1978 ITIC NETHOD

= PROPELLER SELECT. AND CHARACT. : X1 : REFORNED ¥AU BY OPTINLN BP-DELTA

* PROPELLER CAYITATION CRITERIA : K1 : BURRILL™S CRITERIA

= WETTED SURFACE ARE © M SAHE AS [NEUT DATA
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