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Estimation of Ship Resistance by Statistical Analysis
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Abstract

This paper describes the statistical analysis method of predicting the ship resistance. The equa-
tion for the wavemaking resistance coefficient is derived as the principal dimensions and sectional
area coefficients by using the wavemaking resistance theory and its regression coefficients are
determined from the regression analysis of the resistance test results. The equation for the form
factor is derived by purely regression analysis of the principal dimensions, sectional area coeffi-
cients and resistance test results. Also, it is shown that the wavemaking resistance can be minimize
by varying the sectional area curve without changing the principal dimensions of the ship. This
methods were applied to the resistance prediction of a bulk carrier. And then, the modified hull
form with minimum wavemaking resistance was obtained and the reduction of effective power

was confirmed by the resistance test.
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Nomenclature

As ! Midship section area
A(x)
a; . Lagrangian polynomial coefficient
B : Breadth of ship
Cs  : Block coefficient

> Sectional area of z station

Cr  : Frictional resistance coefficient
Cx  :Form resistance coefficient

C, : Midship section coefficient

C, : Prismatic coefficient

Cr  : Residual resistance cocfficient
Cy : Wavemaking resistance coefficient

Cr  : Total resistance coefficient

d . Draft
E; . Regression coefficient
fi  TA(@)/A, of i station

F, :Froude number
g . Acceleration of gravity
k  : Principal dimension term
H;; : Regression coefficient
Ky . Wave number
K :Form factor
L : Length of ship
L, : Entrance length
L, :Run length
m . Number of data ships
n . Number of stations of ship
P(#),Q(0) : Wave amplitude function
Ry : Wavemaking resistance

: Correlation coeflicient

. Wetted surface area

: Mass density of fluid
: Half breadth of ship

-,
S
V' : Ship speed
o
7
7 Displacement volume of ship
g

: Standard deviation
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Table 2 Coefficients of the regression equation for Cy prediction

.30065E~01
.35868E+00
.40552E+00
.30067E+00
.61046E+00
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.45291E+00
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.12778E+01
.24303E+01
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.44507E+01
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.B4768LE+01
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.T6954E+01
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.7T4517E-03
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.22408E+02 -.39313E+02 -.33414E+02
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Table 1 Determination coefficients for Cy prediction
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number 28 | 36 35
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Table 3 Correlation coefficients between form
factor and hull form parameters

Parameter Correlation coefficient
L/B ~0.3888
B/d 0.3158
S/p?3 —0. 3760
7/(0.01L)3 0.3713
B/L, 0.6255
B/L. 0.3829
L./L —0.4373
L./L —0.5132
Cs 0. 4977
C, 0. 4865
Cn 0. 3741
Lo —0.2277
L, ~0.1343
L, 0. 1517
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Table 4 Correlation coefficients between hull form parameters

L/B | B/ } v | p/coiLy | B/L B/L. LJ/L
L/B 1.000 —. 576 793 —.795 ~.501 ~. 611 .338
B/d —.576 1.000 —.028 .049 .629 700 —. 606
S/p2s 793 —.028 1.000 —.995 —.472 —. 442 234
7/(.01L) .79 049 —.995 1.000 ! .501 471 —. 259
B/L, —.591 629 —. 472 501 1.000 .812 ~.747
B/L, —.611 700 —. 442 ATL 812 1.000 —.898
L./L .338 —~. 606 .234 —.259 | —.747 —.898 1.000
L./L . 005 —.370 003 —.032 | —.801 —.556 707
C —.240 563 —.165 194 | 822 .837 —. 965
c, —.209 536 —.151 .180 811 .824 —.958
Cn —.536 642 —.284 292 580 611 —.588
LCB ' 460 —.562 318 | a3 —. 444 ~.828 859
L, —.071 . 149 .132 —.109 |  —.047 | ~—.185 .270
L. - 600 | —.258 l 297 | 8 | .76 | -.658

Ll G ¢ | Ca L8 | L | L

L/B . 005 —.240 | —.209 —.536 | 460 | —.071 ~.534
B/d —.370 | 563 .536 642 —.562 | 149 .690
S/ 003 1 —.165 | —.151 —.284 318 —.132 —.258
P/(0IL)® —.032 get | 180 202 | —.3: 0 .09 297
B/L, —.801 822 | .811 580 1 —. 444 i —. 047 .558
B/L. ~.556 | .83 | s 611 | —.828 | —.185 766
L./L 707 . —.965 958 —. 588 .859 | .270 —. 658
L./L 1. 000 ~.868 | —.875 ~.335 | 244 .139 . 288
G —.868 1.000 | 998 545 —. 694 —. 241 570
c, —.875 998 | 1.000 .493 —. 679 —.261 546
Cn —.355 545 | .493 1.000 —.548 .142 615
LCB .244 —.694  — 679 —.548 1.000 . 269 —. 693
L, JA39 0 —241 | —.261 .142 .269 | 1. 000 431
L —.288 | 570 .546 615 | —.693 } 431 | 1.000

Table 5 Coefficients of the regression equation for % prediction

L/B —. 25496 E 00 HO —., 30857E +00 : H7.5 —.21678E +01
B/d —. 49276 E +00 H). 25 —.35199E +00 HS8.5 .51613E +00
S/p? . 14062E +01 Hil —. 10014 E +00 H9.75 —.21724E +00
B/L, .31579E +01 || H?2 .41100K 400 H10 —. 40924 E 400
B/L, —. 28687E -+00 H3 L68942E —01 0 —. 73143 E 01
Cs —. 18784 K 401 HY 15511 E +01
LCB —. 15219E +00 } H7 L19247E 401 Rxx2 . 6985
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Table 6. Principal characteristics of the bulk carrier

MODEL NO. : M416A M416B

DESIGNATION SYMBOL(UNIT) SHIP MODEL SHIP MODEL
Scale ratio SCALE 70.0000 70.0000
Length between per, LPP (m ) 176.022 2.5146 176.022 2.5146
Breadth,moulded B (m ) 24,121 . 3446 24,121 . 3446
Load condition FULL LOAD FULL LOAD
Drafi, moulded F.P., TF (m ) 9.996 . 1428 9.996 1428

AP. TA (m ) 9.996 ,1428 9.996" . 1428

Mean TMEAN(m) 9.996 . 1428 9.996 . 1428
Length of waterline LWL (m ) 180.440 2.5777 180.440 2.5777
Wetted surface area S (m2) 6416.0 1,.3094 6416.0 1.3094
Displacement volume DISV(m3) 32433, .0946 52169, .0938
Block coefficient CB L7640 . 7580
Midship sect. coef. CM .9900 .9900
Prlsmatlc ceef, CP L7717 . 7657
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(Original Hull Form)

(Modified [ull Form)

Fig. 14 Comparison of the running ship models
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