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METHODS OF DETERMINATION
OF C COEFFICIENT FOR PERIOD
OF ROLLING VESSEL IN CALM WATER
FOR EXAMPLE OF PAX CARGO SHIP

Abstract
This article presents a different approach to ctdtel the C coefficient needed to determine the

period of own rolling vessel in calm waté, = ﬁ The C coefficient is usually adopted as the

JGm

approximate value from the available literatureuaby depending on the type of vessel, and less
dependent on the loading condition. In experimestatlies of marine properties (seakeeping) often
have a problem with the selection of the corredu@af the C coefficient, especially when we are
dealing with an unusual type of ship, such as pagseand freight ship.

In this article three approaches have been presente determining the C coefficient. The
difference in the obtained values of the C coefficis about 10%, depending on the calculation
method.

INTRODUCTION

With the period of own rolling we face during stuafythe seakeeping of vessel.
Seakeeping describe the behavior of marine vessr the influence of wave and wind.

1. During examining the seakeeping of vesselntbst following assumptions are [3]:

a) wave is a stochastic process, uniform andosiaty,

b) the vessel is moving on the wavy water at araye speed, permanent to the module and

the directionV = const,

c) rolling of vessel are small (linear and anguliisplacement and speed of these
displacements).

The consequence of the impact of wind and waveslliag of vessel. Rolling of vessel
mostly depends on the type, intensity, and on #mgetry and mass distribution, of the speed
and angle of vessel relative to the direction ofhenge rate of the wave. Rolling of the
vessel are undesirable and cause intense rollimy damgerous side secondary effects.
Rollings can cause [4]:

- Flooding the deck,

- Ascent to the propeller which gives rise to H#aiables of the propulsion system and a
decrease in driving performance,

- Additional dynamic loads of hull (shock wavetive bottom, side or deck of the vessel),

- Vibration (general and local),

- Significant acceleration mechanisms that caysamhic loads and equipment,

- Anincrease in resistance,
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- Loss of efficiency drive,
- A decrease in safety and maneuverability.

Intensive side rolling hinders or prevent perfonee of operational functions while on
the sea. They often lead to: decrease in the speeldange course, stop certain activities in
the sea with a special function related to shigraase loads of construction and cargo,
reducing the use of certain equipment such as wmsapod means of transport and reduce
travel comfort for passenger ships. The solutiotinbiting the occurrence of adverse events
are rocking side stabilizing device. The most cominaised are: keel, stabilizers tanks and
so-called stabilizing fins.

1. PERIOD OF ROLLING VESSEL IN CALM WATER

The calculation of lateral rolling vessel is im@nt to properly determine th€
coefficient, which takes account the transverse smnof inertia of the vessel (this
coefficient for many types of vessels weakly degema the load).

Due to differences in determining & coefficient is replaced at the same time the
differences in the output values of the periodalling side vessel. Three approaches can be
used to determine the coefficient, followed determing, .

1. The first method by [5, 6]

2[CIB
T, = (1)
? JGM
C=0.373+ 0.023[-,% - 0'043G1LE )

where:

B - breadth of ship,

d - average draught,

L - length between perpendiculars,

GM - transverse metacentric height.

Dependence (2) is based on regression analysisnuoted group of vessels, and constitutes a
type of averaging of value of the transverse ariattia moment of ship.

2. The second method by Dyaer mof@idl to calculate theC coefficient, the following
calculation procedure:
1) The mass moment of inertia of vessel relativiheé main longitudinal axis
D
| =—[(B* + 42 3
x 129& c) 3)

where:

D - displacement volume in tonnes,

z, - distance of gravity of ship from base plane.

2) The moment of inertia mass water accompanying
Rotating ellipsoid

|, =--1 B[ [BLT(B? +4T?) 4)
38.z 8
The cuboidal pontoon with dimensidn B, T
|, =42 30 m 5) (
815 g

where:
L =L, ,B,T - main dimensions of ship,

3532 TTS



u, - coefficient of inertia moment of mass water anpanying to theGx axis for ellipsoid

rotary,u, - coefficient of inertia moment of mass water acpanying for a cuboidal.

3) The additional moment of mass water accompantgirdue to presence of the bilge keels
Lo = 10 b* 0@ (6)

where:

pP= X,
g
d - distance of gravity of keel from roll axis.

Period of rolling taking account of mass water aapanying and bilge keels

]
T, =2 7
¢ = OmMm (7)

ClB
T, =— 8
=Y (8)
where:

2J- sum of moments (mass of vessel, mass of wateongzanying, mass of water
accompanying to due to presence of the bilge keels)

- displacement volume in tonnes,

GM - metacentric height (transverse),

B - breadth of ship,

C - coefficient dependent on type of ship.

3. According to the third approacto determine the&C coefficient can use the following
formula for the inertia moment of mass the vesskaltive to the longitudinal axis:
I, =0.40B{0 +S0.01)p (9)

where:
- displacement volume in [t
0 - mass density of sea water in [kg]m

According to references [4] and [7] the C coefiintiakes values:

Type of ship Value of coefficient
Warships 0.71+0.75
Passenger ships 0.80+0.87
Cargo ships with full loading 0.81
Trade ships 0.78+0.82

2. TEST FOR DETERMINING OF C COEFFICIENT DEPENDING ON
THE FORMULA USED ON INERTIA MOMENT |

Example for Pax Cargo of ship.

X"
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Tab.1. Main data of ship

Loading conditions
Symbol [unit]
Design Ballast

Lep[m] 114
Lwe [M] 117 122
B[m] 22

Te[m] 5.0 4.0
Ta[m] 5.0 5.2
O[m? 9259 8523
S[m? 2991 2894

where:

Lpp- length between perpendiculars,
Lw. - length of waterline,

B - breadth,

Tg - draught- fore,

Ta- draught- aft,

[7- displacement volume,

S- wetted surface.

Period of rolling for design conditions in calm wafaccording to Tab.1)
1. The moment of inertia the mass of vessel radat the main longitudinal axis accordance
with the formula (9)

|, =0.4022(9259+ 29910.01)[1.025=83.7810° tim! 3 (10)

where:
0 =10259kg/m®, S =2991m?.

2. The moment of inertia the mass of vessel radaty the main longitudinal axis
By Dyaer pattern (3) we get:
I, =%EQBZ+4Q(23)D63.53EL03 tim. s’ (11)
g

where:
D =95208 t, z, =8.682m.

2.1. The moment of inertia mass water accompanying
Rotating ellipsoid

o = 2-85? Ooon17p25(22 + 415%) D14.1210° tim: & (12)
L
gdzie:
B_22
—=—=44, = 056.
- Hy
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The cuboidal pontoon with dimensidn B, T
_0.76 1.025
* 81.E 9.81

[117022* =26.70010° tim!s° (13)

where:

B
S=44, p, =076,

assumed , =204110°tim1s*= 0.32!,

2.2.The additional moment of mass water accompgnyiue to presence of the bilge keels
| e =m0pb? 0% 03.400° kgim? (14)

where:

b=04m, | =3793m, d = 13m, p:% =1.025=1045kg: &/m"*.

3. Period of rolling taking account of mass watetompanying and bilge keels

Taking into account , =83.78(10°

/ >J 83.78+20.41+3.4 _ \/107590 14935 (15)
DGM 9520 8]2 19041.6
14.93= C[—ZZ — C=0.960 (17)
J2
Taking into account, =63.5310°
T, = 2n [ 2] =2nq/63.53+ 20.41+34 _ \/ 87340 _ 14 4e 18)
OGM 9520.82 19041.6
Substituting into the formula (16) we get
13.45= S22 . c = 0.865 (19)
V2

4. Period of rolling according to (1), (2)

T,=25B 1307 (20)
7 GM
e L
C=0.373+0.02 5 —0.04391& =042 (21)
or saved in form
CiB
T, =—— 22
= o (22)
% =0.42= C=0.840 (23)

Period of rolling for ballast conditions in calm t&a
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1. The moment of inertia the mass of vessel radat the main longitudinal axis accordance
with the formula (9)

|, =0.40022(8523+ 2894(0.01)[1.025= 77.1400° tim! <> (24)

where:
0 =10259[kg/m?], S=2894m?.

2. The moment of inertia the mass of vessel radaid the main longitudinal axis by Dyaer
pattern (3) we get:
., =%EQBZ+4Qé)D73.83D03thLSZ (25)
g
where:

D =91766t, z, =10.76m.

2.1.The moment of inertia mass water accompanying
Rotating ellipsoid

o = 256? 2o 22mp214.78(22 +4[8.78) 016.3400° timi& (26)
4
where:
B
? = 460, H = 066.
The cuboidal pontoon with dimensidn B, T
20780250 o500 — 97 g510°t M1 (27)

81.t 9.81
where:
B
= = 460, M, = 076.

Taking into account , = 22[10°tim1s°= 0.201
2.2.i;|'h(aI additional moment of mass the water accogipg to due to presence of the bilge
. | e =7 pb? 00° 03.4010° kgt m? (28)
3. Period of rolling taking account of mass theewaccompanying and bilge keels
Taking into account, =77.14010°
T, = 275\/%:"\]/I = 2n E{/ (77'194;722;2&03 =12.665 (29)

Substituting into the formula (16) we get:

12.66=-C122 _, c=0.954 (30)

N2.75

Taking into account , = 7383[10°

J 3
T, = 2n /DZ _ . (73:83+22+43.4)10° _ . 31)

GM 9176.62.75
Substituting into the formula (16) we get:
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Cl22

12.45=——=C=0.938 (32)
N2.75
4. Period of rolling according to (1), (2)
T,=25B 11 405 (33)
7 GM
_ 2004zt -
C=0.373+0.02 -0.0434+—=0.43 (34)
d 10C
or in form
CiB
T, =— (35)
* JoMm
% =0.43= C=0.860 (36)
Tab. 2. The value ofC coefficient andl, depending used method
Design condition Ballast condition
Kind of calculation method
I, C T¢ I, C T¢
according to first method - 0.840 13.07 -- 0.860 11.40
according to second method 6353 0.865 13.45| 7383 0.938 12.45
according to third method 8378 0.960 14.93| 7714 0.954 12.66
C
0,98
0,96 /
0,94 /r /
0,92 / /
0,90 4—design
0.88 / / ——ballast
0,86 /
0,84
0,82 T T 1
accordingto first accordingto second accordingto third
method method method

Fig. 1. The C coefficient according to kind of method
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15,00 /
14,50 /
14,00

13,50

——decsign

| == hallast

15,00
12,50 /
12,00

11,50 r

11,00

accordingto first  according to second  according to third
method method method

Fig. 2. Period of rolling according to kind of method

The nature of transverse-rolling of the vessel lgumproves with an increase in the
period of rolling T, , and thus the period of rolling should be as lag@ossible. To increase

the period of lateral rolling we should:
a) increase the moment of inertia of the vessalsmaad the moment of inertia accompanying

water mass|(, +1,,),

b) reduce the transverse metacentric heiglt (be careful with this, so as not to impair the
stability of the vessel, and doesn't degrade tlagacteristics of rolling).

CONCLUSIONS

In the first method, the calculation of lateralliraj of period doesn't include the value of
the transverse moment of inertia vessel in a gileading condition. In the other two
methods, the differences in the moment of inertimass of vessel, are oscillates at the

level around 24%.

Upon receipt of the final result f&€ coefficient, these differences are reduced to tabou
10%. If we have the larger the moment of inertraass of vessel, then we get the greater the
period of rolling, and thus a greater tbeoefficient.

For the tests carried out for passenger and frerghsel, theC coefficient ranged of
C0(0.840+0.960 for the design conditions andC[](0.860+0.954 foy the ballast

conditions. The value df coefficient exceeded the value reported in liteea{7], where for
passenger vessels the coefficiénhave the range of [ (080+ 087 and for freight vessels

of amountsC = 081.

The described cases show, that don't have onemsalv& method, that would provide the
greatest accuracy in determining theoefficient.

Can be use the available in literature the appraténvalues oC coefficient, but as the
examples show they do not apply for unusual vesiselmixed, type passenger and freight,
where we obtain the results different from adopteliterature. The different types of vessels
and type of cargo dictates selection of the appeitgnmethod of calculating the coefficient,
and at the same time get the most accurate resulesermining the rolling period.
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METODY WYZNACZANIA W SPOLCZYNNIKA
C DLA OKRESU KOLYSA N BOCZNYCH
WLASNYCH STATKU NA W ODZIE SPOKOJNEJ
NA PRZYKLADZIE STATKU PASA ZERSKO-
TOWAROWEGO

Streszczenie
W artykule zaprezentowano:zne podejcie do wyliczenia wspétczynnika C potrzebnego do

: . —._CIB
wyznaczenia okresu kotysetasnych statku na wodzie spokojigj= ——.

JGM

Wspotczynnik C zostaje najseiej przypty jako przybliona warteé¢ z dos¢pnej literatury,
najczsciej w zalénasci od typu statku, a stabiej zale od stanu zatadowania. Przy badaniach
eksperymentalnych wieiwasci morskich bardzo esto wys¢puje problem z doborem prawidtowej
wartasci wspotczynnika C, zwlaszcza gdy mamy do czyniemiatypowym rodzajem statku jak np.
statek passersko-towarowy.

W niniejszej pracy zaprezentowane zostaly trzy jgoidedo wyznaczania wspétczynnika C.
Ré&nice w uzyskanych wasttiach wspoétczynnika C wynaeszokoto 10% w zalmasci od
zastosowanej metody obliczeniowe;j.
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