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Abstract

The recent IMO MEPC regulation on EEDI, EEOI and increased fuel cost has worsened the financial condition of the small and medium
sized passenger ferry companies, and it is situated to acquire the economic ships with a pretty high resistance performance. The purpose of this
research is to develop a design method on the efficient gooseneck bulb for the middle-sized passenger ferry operated in the Far East Asian seas.
The hull forms are designed by varying the gooseneck bulb parameters to find the changes on the resistance performance according to the shape
of bulb. The numerical series tests are made to derive the regression equation for estimating the resistance through analyzing the data statis-
tically. This equation is set as an objective function, and then using the optimization algorithm searches for the optimal combination of the
design variables. After a hull form is designed corresponding to optimized parameters.
Copyright © 2016 Society of Naval Architects of Korea. Production and hosting by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Interests in resistance performance of ships have been
increased due to the rise in fuel price and enhanced regulations
of CO2 emissions due to global warming. In particular, the
continued rise in fuel price results in worsening the financial
conditions of the shipping industry a few years ago. To
improve the situations, ships are operated at lower sailing
speed than designed speed. However, it is required to have the
fundamental countermeasure to reduce operating costs of ship.
In particular, difficulties of passenger ship companies for
operating short-range international routes around domestic
harbors and Jeju routes are as follows: decreases in passengers
and cargoes by ship due to the emergence of low-cost airlines,
increases in operating costs of passenger ship due to continued

rise of oil price. It is desperately needed to establish measures
to reduce fuel costs of passenger ship and build ship with
excellent resistance performance in the domestic shipyard.

Bulbous bow considering actual operating speed and draft
has recently been highlighted as a very useful fuel saving
method (Choi et al., 2014). In the case of passenger ship with
small changes of draft, gooseneck bulb has been applied in
Europe in order to maximize the reduction of wave-resistance.

The gooseneck bulb is mainly applied in passenger ship and
motor yacht and it is sometimes applied in container ship,
LNG carrier and special military watercraft. Even if studies
are conducted on designing the bow hull form of passenger
ship applying gooseneck bulb mainly in Europe, contents and
results of studies are limitedly disclosed. Schneekluth (1987)
mentioned the need for designing the bulbous bow in goose-
neck bulb shape to improve the resistance performance and
schematically described the changes in resistance perfor-
mance. Heimann and Harries (2003), Heimann (2005),
Ossanen et al. (2009) and James (2006) studied gooseneck
bulb applied in passenger ship and yachts, respectively. The
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results of their studies were disclosed. Harries et al. (2006)
studied container ship. For special military watercraft, some
studies examined the changes in resistance performance based
on changes in several bulb shapes including gooseneck bulb in
particular high-speed ship with the support of US Navy
(Cusanelli, 2007). In Korea, ‘resistance and propulsion of
ship’ (Kim, 2009) published by the Society of Naval Archi-
tects of Korea described the brief characteristics of gooseneck
bulb. There are some papers describing cases applying
gooseneck bulb when designing the bow in passenger ship
(Jang et al., 2003; Lee et al., 2012; Park and Choi, 2012), but
not many papers describe gooseneck bulb. In addition, there
are some case studies applying gooseneck bulb in LPG carriers
(Park et al., 2005). According to previous studies, cases of
gooseneck bulb optimized in particular ship were published.
Thus, the effects of reduced resistance were identified in terms
of residual resistance or wave resistance, but the causes of
improving resistance performance were not analyzed. In
addition, since a commercial program such as SHIPFLOW
was used as the numerical simulation program in these studies,
they did not consider the phenomenon of breaking waves
which was one of effects caused by the bulb. Thus, the results
of these studies cannot be used as the reference to design a hull
form applying gooseneck bulb. To improve it, studies are
performed to seek measures to apply gooseneck bulb in
medium-sized passenger ship (Yu et al., 2010, 2014; Yu,
2015).

It is required to identify the relationships between param-
eters of gooseneck bulb (length, width, height, side shape, etc)

and resistance performance in order to design a hull form with
excellent resistance performance by applying gooseneck bulb.
Regression analysis could be used to describe the relationships
between parameters and resistance performance. Regression
analysis has been used in various areas of the ship for a long
time. Hong et al. (1988) selected the hull variables affecting
the wave-making resistance and form resistance and then de-
rives the regression equation, and proposed the hull
improvement method. Min (1990) compared several regres-
sion equations in order to estimate the resistance characteris-
tics of the low-speed full ship.

Along with the resistance estimation of the vessel, the hull
optimization technique is being utilized in order to improve
the resistance performance. Tahara et al. (1998) performed the
optimization of the hull that calculating the flow around the
hull as the viscous flow and with the use of Sequential
quadratic programming (SQP) as the optimized algorithm.
Choi et al. (2006) used SQP as the optimized algorithm, but
assuming the flow around the hull as the potential flow and
performed the research for the development of the optimized
hull. Heimann (2005) designed the bulb hull with the reduced
linear wave resistance components, by using FRIENDSHIP
module and SHIPFLOW.

The results of a number of studies have been conducted in
Europe, and those are shown that applying the gooseneck bulb
to the passenger ships, the reduction of fuel costs through
improved resistance performance are possible. However, in
previous studies, only the results of bulb design have been
published that are optimized for a particular ship. Therefore,
there is insufficient to function as a reference for developing
any vessels applied gooseneck bulb. In order to apply the
gooseneck bulb to design the ship with a good resistance
performance, it is a need prior to all others that is the under-
standing of the relationship between the resistance perfor-
mance and the parameters of gooseneck bulb (for example,
bulb length, breath, height and section shape, etc.). The pur-
pose of this study is to establish the measures applying
gooseneck bulb more effectively in passenger ship plying
around domestic harbors, and to examine the possibility to be
applied in passenger ship.

The numerical series tests were carried out to derive
regression equations for estimating resistance which could be
applied in domestic passenger ship. The hull form data
regarding 5 kinds of block coefficients (CB) and bulb param-
eters is created and their numerical calculation is performed
for 4 kinds of operating speeds. The numerical simulations
about fluidity around the hull were carried out with the
computing program complied by using a modified marker-
density method (Jeong, 2013). The regression equations
were derived to estimate the resistance characteristics of
gooseneck bulb through statistical analysis. For the hull form
with arbitrary block coefficients and operating speeds, the
regression equations were derived in each block coefficient to
estimate the resistance performance by interpolating the
regression coefficients. The gooseneck bulb hull form with
excellent resistance performance was designed by optimizing
the reference hull on the basis of the regression equations,

Nomenclature

ABT cross sectional area of bulb
AMS cross sectional area at mid-ship
b regression coefficients
CABT cross sectional area ratio
CB block coefficient
CLPR ratio of the length of bulb
CP pressure resistance coefficient
CRB rise of the bulb
CV bulb volume ratio
CZB central position ratio of bulb
Fn Froude number
LB length of bulb
LBP length of ship
Rap

2 adjusted coefficients of determination
rZ length form FP to bulb top
rL height of bulb top.
TFP draft at FP
X independent variables that mean bulb

parameters
Y dependent variable that mean pressure resistance

coefficient of mode ship
ZB central height of bulb
▽B volume of bulb
▽S volume of ship under waterline
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estimated the resistance performance of domestic passenger
ship and examined the possibilities to design the optimal
gooseneck bulb hull form.

2. Subject and scope

As of 2014, the international passenger terminals are
established in 9 ports in Korea. Among them, the international
passenger terminals located in Gwangyang, Mokpo, Sokcho
and Jeju do not function as the international passenger ter-
minal since there is no ship to be operated. A total of 21 ships
are operating in China route, Japan route and RussiaeJapan
route. Medium-sized passenger ships which are similar to
those operating along the short distance international route are
being operated in a route between Mokpo and Jeju. But a total
of 7 medium-sized passenger ships are currently suspended in
some China route, Japan route, Russia route, route between
Incheon and Jeju (route is suspended after the sinking of
Sewol ferry in 2014) and route between Busan and Jeju.

Among medium-sized passenger ships being operated
around domestic harbors, the study targeting reference hull
was carried out and it was the same one in the study of Yu
et al. (2014). It was called the reference hull (CB ¼ 0.50) by
adding the information of block coefficients in the name with
consideration of numerical series tests. The reference hull
(CB ¼ 0.50) is operating between Incheon (Korea) and Dan-
dong (China) and main dimensions are shown in Table 1. For
numerical simulation techniques, the computing program
(Program name INHAWAVE-II) complied by using a modified
marker-density method was used as shown in the study of Yu
et al. (2014). The followings are the schematic description of
the characteristics of INHAWAVE-II, the governing equations
are the filtered NaviereStokes equations and the continuity
equation. The kinematic free surface boundary condition is
shown in Eq. (1) and the marker-density transport equation
(Eq. (2)) is adapted to resolve Eq. (1) easily. The governing
equations are the filtered NaviereStokes equations and the
continuity equation. The kinematic free surface boundary
condition is shown in Eq. (1) and the marker-density transport
equation (Eq. (2)) is adapted to resolve Eq. (1) easily. Eqs. (3)
and (4) are used for the dynamic free surface boundary con-
dition. Its details of calculation method are shown in Jeong
(2013).
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In addition, it is one of the other characteristics of
INHAWAVE-II, as it is using a rectangular grid system, Fig. 1
presents the grid system and calculation domain, that the
separate operation for the grid generation is not required. This
convenience in calculation usefully functions to calculate
relatively large numbers of the series of test cases in this study.
The computation is done on Intel(R) Xeon(R) E5-1650, CPU
3.50 GHz, Ram 16.00 GB. The computational time per one
evaluation is 36 h, respectively. In this work, use four com-
puters, it was performed 16 calculations simultaneously.

It is required to identify the relationships between param-
eters of gooseneck bulb and resistance performance in order to
design a hull form with excellent resistance performance by
applying gooseneck bulb. Statistical methods can be used
through series tests depending on changes in hull form to
describe the relationships between parameters and resistance
performance. In this study, the numerical series tests were
carried out by using the numerical simulation about resistance
performance of model ships.

The distribution range of domestic medium-sized passenger
ships was examined with consideration of block coefficients
and speed which were highly correlated with wave resistance
performance to generally apply it in passenger ships being
operated around domestic harbors. First, the block coefficients
of some medium-sized passenger ships operated by domestic
passenger ship companies were examined and results were
shown in Fig. 2. The distribution range of block coefficients of
domestic passenger ships was CB ¼ 0.45e0.55. Thus, it was
necessary to conduct series tests at CB ¼ 0.45, 0.50, 0.53 and
0.55. Because it was difficult to have data on hull forms of
domestic passenger ships, the main hull of series tests was
designed in each block coefficient by modifying the reference
hull (CB ¼ 0.50).

Sectional area curve was derived by using Lackenby
method which was one of methods to modify a hull form
maintaining each frame without changing central sectional
shape and sectional areas. Sectional area curves of each block
coefficient were shown in Fig. 3. After waterlines of each draft
were created in B-spline along each section line with changed
locations of stations, local frame lines were modified by using
the curvature of waterlines expressed in spikes as indicators.
The front view of the reference hull of each block coefficient
created by designing the hull form based on sectional area
curve was shown in Fig. 4. Hull forms of each block coeffi-
cient were distinguished by adding the information about
names of reference hull. Each hull surfaces have been created
in a manual way using section and waterlines. The number of

Table 1

Principal parameters of the reference hull (CB ¼ 0.50).

LWL (m) 158.52

B (m) 22.00

T (m) 6.00

Disp. volume (m3) 10,519.74

WSA (m2) 3600.00

CB 0.502

CP 0.560

CM 0.898

Speed (designed) 25.5 Knots (Fn ¼ 0.333)

Speed (operated) 18.0 Knots (Fn ¼ 0.235)
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hull surfaces is 15 in bulb, 44 in fore-body and 56 in aft-body,
so total 115 surfaces have been used.

Operating speeds of passenger ships were shown in Froude
number (Fn) on the basis of shipbuilding years of medium-sized
passenger ships being operated around domestic harbors as
shown in Fig. 5. Ranges of operating speed of most medium-
sized passenger ships are Fn ¼ 0.2e0.3. Thus, it was required
to take numerical series tests at Fn¼ 0.200, 0.235, 0.270, 0.300.
When it was converted into speeds based on waterline length of
the reference hull, it was 15e23 Knots. And the operating speed
of the reference hull at Fn ¼ 0.235 is 18 Knots.

Ratios of bulb parameters (general bulb parameter ratio and
parameter ratio representing characteristics of the Gooseneck
bulb) applied in the regression analysis to estimate the resis-
tance performance of passenger ships and its ranges were set
on the basis of results of changes in bulb parameters and
pressure resistance performed in previous studies as follows.

1Þ CABT ¼ ABT=AMS 0:070� CABT � 0:100
2Þ CLPR ¼ LB=LBP 0:030� CLPR � 0:046
3Þ CZB ¼ ZB=TFP 0:690� CZB � 0:820
4Þ CV ¼ VB=VS 0:030� CV � 0:068
5Þ CRB ¼ rZ=rL 0:140� CRB � 0:480

where CABT is the cross sectional area ratio, CLPR is the ratio
of the length of bulb, CZB is the central position ratio of bulb,
CV is the bulb volume ratio, CRB is rise of the bulb, ABT is the
cross sectional area of bulb, AMS is the cross sectional area at
mid-ship, LB is the length of bulb, LBP is the length of ship, ZB

is the central height of bulb, TFP is the draft at FP, VB is the
volume of bulb, VS is the volume of ship under waterline, rZ is
the length form FP to bulb top and rL is the height of bulb top,
respectively. CABT, CLPR, CZB, and CV are the general bulb
parameter ratio. Kracht (1978) provides the effect of the
general bulb parameters in performance and a way to obtain
initial bulbous bow parameters. And P�erez et al. (2007) pro-
vides a methodology to model directly a ship's bulbous bow

Fig. 1. Grid system around the reference hull (CB ¼ 0.50).

Fig. 2. Block coefficient distribution of a medium-sized passenger ships to be

operated by domestic harbor.

Fig. 3. Sectional area curve variation with block coefficient of the reference

hulls.
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with B-spline surfaces, directly based on the general bulb
parameters. The details of the geometrical meaning of these
parameters are well described in the works of Kracht (1978)
and P�erez et al. (2007).

3. Numerical series test

The hull forms for numerical series tests were derived in
each block coefficient by changing bulb parameter ratios. Bulb
shapes of hull forms were designed for series tests based on
bulb parameter ratios through the following processes. 1) As
shown in Fig. 6, changes in bulb parameter ratios were
calculated with gooseneck bulb shape (Old) which was already
designed. 2) Bulb side shapes were created in B-spline on the
basis of changes in bulb length, height and rise of bulb. Po-
sitions of rZ, rL and bottom of FP (F in Fig. 6) were adjusted to
avoid irregular and rapid changes of curvature by reviewing
the curvature expressed in spikes. 3) After positions and
shapes of sectional area curves were adjusted on the basis of
changed side shapes and maximal sectional area, the volume
of bulb was calculated. Local shapes of sectional areas except
the maximal sectional area were adjusted to have a targeted
volume of bulb. 4) After waterlines of each draft were created
in B-spline along the bulb sectional shapes, sectional shapes
with 9.5 station (FP is 10 station) or higher were adjusted by
reviewing the curvature of waterlines. 5) When a targeted
volume of bulb was compared with the ratio of bulb volume,
bulb shapes (New) of hull forms for series tests on the basis of
bulb parameter ratios were designed by repeating processes 3)
and 4). 29 kinds of bulb hull forms were designed for
CB ¼ 0.45, 0.53, 0.55. And 53 kinds of bulb hull forms were

designed for CB ¼ 0.50. When hull forms were designed for
numerical series tests, bulb volume ratios of each hull form
were changed but the displacement volume of entire ship was
less changed (up to 0.5%).

The numerical simulation was carried out at four kinds of
speeds such as Fn ¼ 0.2, 0.235, 0.27 and 0.3. A total of 560
numerical series test data were generated as follows: 116 data
at CB ¼ 0.45, 212 data at CB ¼ 0.50, 116 data at CB ¼ 0.53
and 116 data at CB ¼ 0.55. For bulb shapes at CB ¼ 0.50
which had the highest number of bulb shape data, the distri-
bution of pressure resistance coefficients calculated on the
basis of bulb parameter ratios was shown in Fig. 7.

4. Regression analysis

The regression equations were carried out by statistically
analyzing numerical series test data to identify the function
relations between changes in resistance performance and bulb
parameters when gooseneck bulb was applied.

For simple linear regression, multiple linear regression and
polynomial regression models which were commonly used to
set the regression models, adjusted coefficients of determina-
tion (Rap

2) to be used as the reference were compared to select
regression models and variables (Lee et al., 2001). In the cases
of simple linear regression and multiple linear regression
models, adjusted coefficients of determination were
Rap

2 � 0:5 and Rap
2 � 0:895, respectively. 2nd order models

were usually used for the polynomial regression model with
two or more independent variables and the coefficient of
determination was higher than 0.9. The 2nd order polynomial

Fig. 4. Ship lines of the reference hulls varied with block coefficient.

Fig. 5. Froude number distribution of a medium-sized passenger ships to be

operated by domestic harbor.

Fig. 6. Bulb shape design due to the change of the parameters.
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regression model was selected in this study. The 2nd order
polynomial regression model with 5 independent variables
consisted of a total of 21 terms including constant terms,
variable terms, square terms and couple terms of two vari-
ables. When many independent variable terms were included
in the regression model, the efficiency could be lowered to
estimate the dependent variables by estimated regression
model. Thus, it was required to make the regression model
suitable for this study by selecting or removing some variable
terms. There were common methods to select variables in the
regression analysis as follows: all possible regressions, for-
ward selection method, backward elimination method and
stepwise method. The adjusted coefficients of determination
based on methods to select variables were compared by using
numerical series test data at CB ¼ 0.50 and Fn ¼ 0.235. The
regression model with variable terms selected by backward
elimination method with the highest adjusted coefficient of
determination (Rap

2¼ 0:946) was shown in Eq. (5). And the
regression coefficients derived from it are shown on Table 2. It
was determined as the regression equation in this study.

Y¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X4 þ b5X5 þ b6X
2
1 þ b7X

2
2

þ b8X
2
3 þ b9X

2
5 þ b10X1X2 þ b11X1X4 þ b2X1X5

þ b13X2X5 þ b4X4X5

ð5Þ

X1 ¼ CABT;X2 ¼ CLPR;X3 ¼ CZB;X4 ¼ CV;X5 ¼ CRB

where Y is the dependent variable that mean pressure resis-
tance coefficient of mode ship, X are the independent variables
that mean bulb parameters, b are the regression coefficients.

The numerical series test data were used to derive the
regression equations again, and compared pressure resistance
coefficients calculated by numerical simulation with values
estimated by the regression equations. It was shown in Fig. 8.
When the error rates were compared, 58 data had 5% or higher
error rates among 554 data. 87.7% and 68.8% of bulb hull
form data were distributed within 5% and 3% error rates,
respectively. Derived regression equations were thought to
estimate the resistance with relatively high accuracy.

It was required to derive appropriate regression coefficients
to estimate the resistance performance of passenger ships with
arbitrary block coefficients and operating speed within the
range of CB ¼ 0.45e0.55, Fn ¼ 0.2e0.3. Those regression
coefficients derived through interpolation processes. The
estimation accuracy of the regression coefficients interpolated
by several interpolation methods was compared to interpolate
the regression coefficients at each arbitrary block coefficient

Fig. 7. Pressure resistance distribution of hull forms for numerical series test (CB ¼ 0.50).

Table 2

Coefficients of the regression equation at CB ¼ 0.50 and Fn ¼ 0.235.

b0 5.876 b1 2.577 b2 6.201

b3 �20.094 b4 23.383 b5 8.127

b6 �21.894 b7 �4.959 b8 13.497

b9 �8.018 b10 �54.337 b11 139.861

b12 12.792 b13 �10.800 b14 �5.444
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and speed. The resistance estimation method was verified with
arbitrary block coefficients and speeds by using the 3rd order
spline interpolation with relatively high accuracy. Passenger
ship which information about hull form was given by pas-
senger ship companies were compared as the hull forms for
validation. The hull form for validation is ferry that operating
between Incheon (Korea) and Tianjin (China) and main di-
mensions are shown in Table 3.

Once the regression coefficients were calculated at
CB ¼ 0.525 by spline interpolation using the regression co-
efficients for block coefficients at each speed, and then the
regression coefficients were interpolated at Fn ¼ 0.25 again.
10 kinds of hull forms applying gooseneck bulb for validation
were designed on the basis of gooseneck bulb shape of nu-
merical series test hull form to verify the degree of estimation
of the regression equations and the range of errors. Bulb
parameter ratios of these hull forms are shown in Table 4. The
results of numerical simulation at the speed of Fn ¼ 0.25 were
compared with estimated results of regression equation.
Comparing the error rate of the calculation and estimated re-
sults as shown in Fig. 9, 70% hull forms applying gooseneck
bulb fell within 5% error rates. Thus, the derived regression
equations were thought to estimate the resistance with rela-
tively high accuracy.

5. Optimization

The combination of design variables (bulb parameter ratio)
was explored as the optimal algorithm in which the estimated
pressure resistance coefficients could be minimal by using the
resistance estimation equation of hull forms applying goose-
neck. The optimal hull form was determined by designing the
hull form and performing the numerical calculation for derived
parameters.

SQP method is used as an optimization technique. That is
utilized in many fields as the direct searching method, verified
of its usefulness (Park, 1998). In this study, objective function
is the least under the conditions that the estimation value of the
pressure resistance coefficients in the regression equation of
the present research. The design variables are the independent
variables of the regression equations; they are CABT, CLPR,
CZB, CV, CRB. Constraints are set as the conversion range of
the bulb parameters.

The optimization applying gooseneck bulb was carried out
to improve the resistance performance of the reference hull
(CB ¼ 0.50). The optimal bulb parameters explored by the

Fig. 8. Comparison between calculated value and predicted value (CB ¼ 0.50).

Table 3

Principal parameters of the hull form for validation.

LWL (m) 174.25

B (m) 24.80

T (m) 6.74

Disp. volume (m3) 15,325.34

WSA (m2) 4549.65

CB 0.525

CP 0.559

CM 0.940

Speed (designed) 23.2 Knots (Fn ¼ 0.289)

Speed (operated) 20.0 Knots (Fn ¼ 0.250)

Table 4

CB ¼ 0.525 hull forms with gooseneck bulb for validation.

CABT CLPR CZB CV CRB

1 0.069 0.373 0.733 0.036 0.346

2 0.069 0.464 0.769 0.043 0.308

3 0.080 0.303 0.777 0.033 0.480

4 0.080 0.373 0.733 0.041 0.323

5 0.080 0.464 0.744 0.051 0.308

6 0.091 0.373 0.733 0.047 0.323

7 0.094 0.422 0.718 0.055 0.216

8 0.089 0.464 0.791 0.057 0.308

9 0.100 0.303 0.777 0.041 0.480

10 0.095 0.464 0.690 0.063 0.156

Fig. 9. Comparison between calculated value and predicted value (CB ¼ 0.50,

Fn ¼ 0.25).
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SQP method were shown in Table 5. Sectional shapes of the
reference hull (CB ¼ 0.50) and the optimum hull (CB ¼ 0.50)
applying optimal gooseneck bulb parameters are shown in
Fig. 10.

Comparing the wave height contours between the reference
hull and the optimum hull as Fig. 11, the divergent wave
heavily occurring in the part of forward shoulder of the
reference hull tended to be decreasing by the gooseneck bulb.
Fig. 12 shows the zg (Surface profile gradient) contours be-
tween the reference hull and the optimum hull. The zg is an
index that indicating the possibility of occurrence of the wave-
breaking (Hirayama and Ando, 2007), is defined as expressed
in Eq. (6). Comparing the zg contours between the reference
hull and the optimum hull, except for the bulb tip, it decreased
overall at the optimum hull. In particular, the possibility of the
wave-breaking in 9st.~FP has been greatly reduced.

zg ¼
vz

vx
� vz

vy
ð6Þ

Comparing the pressure distribution of the hull surface and
the wave profile in Fig. 13, the bulb hull changed the phase of
wave, and the distribution of occurring in the main body

around FP of the reference hull is significantly decreased. It is
judged that the adoption of bulb may enlarge the energy loss in
creating the wave around the bulb, however, improve the
resistance performance of the bulb hull by reducing the
pressure resistance of the fore body. Fig. 14 shows the lon-
gitudinal direction by integrating the pressure resistance value
occurred in the grid with the same X position. Of the vertical
axis 'þ' means an increase in resistance and '�' means the
contribution of the resistance decrease. Sum up the histogram
values to the longitudinal direction, total pressure resistance
taking on the whole main body can be obtained. The pressure
resistance value taking on the bulb of the reference hull 67%
of total pressure resistance of the reference hull. However, that
of the optimum hull was shown significantly decreased to
45%. It is considered that a reduction in the size of bulb is the
cause. On FP(9.9st. ~ 10.1st.), the reference hull is taken 13%
of total pressure resistance. Whereas in the optimum hulls, a
decrease in resistance occurs that is 1%. It is considered that
resulted from the changes of the wave pattern form due to the
gooseneck bulb.

Comparing the wave height contours between the reference
hull and the optimum hull as Fig. 11, the divergent wave
heavily occurring in the part of forward shoulder of the
reference hull tended to be decreasing by the gooseneck bulb.
Comparing the pressure distribution of the hull surface and the
wave profile in Fig. 13, the bulb hull changed the phase of
wave, and the distribution of occurring in the main body
around FP of the reference hull is significantly decreased. It is
judged that the adoption of bulb may enlarge the energy loss in
creating the wave around the bulb, however, improve the
resistance performance of the bulb hull by reducing the
pressure resistance of the fore body. Fig. 14 shows the lon-
gitudinal direction by integrating the pressure resistance value
occurred in the grid with the same X position. Of the vertical
axis 'þ' means an increase in resistance and '�' means the
contribution of the resistance decrease. Sum up the histogram

Table 5

Optimization result of CB ¼ 0.50 hull form.

Reference hull Optimum hull (%)

CABT 0.099 0.070 �29.3

CLPR 0.385 0.460 19.5

CZB 0.484 0.730 50.8

CV 0.052 0.047 �9.6

CRB e 0.178 e

CP� 103 0.799 0.527 (estimation) �34.0

Fig. 10. Ship lines of the reference and optimum hull (CB ¼ 0.50).

Fig. 11. Wave height contours around the reference and optimum hull

(CB ¼ 0.50).
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values to the longitudinal direction, total pressure resistance
taking on the whole main body can be obtained. The pressure
resistance value taking on the bulb of the reference hull 67%
of total pressure resistance of the reference hull. However, that
of the optimum hull was shown significantly decreased to
45%. It is considered that a reduction in the size of bulb is the
cause. On FP(9.9st. ~ 10.1st.), the reference hull is taken 13%
of total pressure resistance. Whereas in the optimum hulls, a
decrease in resistance occurs that is 1%. It is considered that
resulted from the changes of the wave pattern form due to the
gooseneck bulb.

In this work, the numerical simulation was carried at even
keel condition, so hull form fixed trim angle of 0�. Hence it is
necessary to additional calculation with trim and sinkage free
conditions to verify the effect of gooseneck bulb. That
calculation results are shown in Table 6. The trim angles are
close to zero, the difference of performance improvement is
not large in both conditions. Although there may be different
from the resistance performance of the actual operating state,
understand the effect of improving the relative resistance of
the estimate of the schematic resistance performance by the
gooseneck bulb application at even keel condition.

Pressure resistance coefficients at each speed in the refer-
ence hull and optimum hull were calculated by the numerical
simulation and shown in Fig. 15. The pressure resistance co-
efficient of the optimum hull at Fn ¼ 0.235 was 0.543 � 103.
The pressure resistance coefficient was decreased by 32.0%,
when it was compared to that of the reference hull. It was
caused by the decreases in pressure resistance of bow of main
hull due to phase changes of wave form caused by application
of the gooseneck bulb and decreases in the resistance of bulb.
When estimation of the regression equations for the optimum

Fig. 12. zg contours around hull surface of the reference and optimum hull

(CB ¼ 0.50).

Fig. 13. Pressure distribution around hull surface of the reference and optimum

hull (CB ¼ 0.50).

Fig. 14. Comparison of the pressure resistance on the longitudinal region

divided along to hull surface of the reference and optimum hull (CB ¼ 0.50).

Table 6

Calculation result at trim & sinkage free condition and Fn ¼ 0.235.

Computational

condition

Reference hull Optimum hull

Trim

[�]
Sinkage

[m]

CP� 103 Trim

[�]
Sinkage

[m]

CP� 103

Even keel e e 0.799 e e 0.543

Trim & sinkage

free

0.007 0.003 0.792 �0.008 0.004 0.539

Fig. 15. Comparison of the pressure resistance coefficient of the reference,

optimum hull (CB ¼ 0.50) and optimum hull (multi-speed).
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hull was compared with calculated results, the error rates at
Fn ¼ 0.235 and Fn ¼ 0.270 were 2.97% and 0.1%, respec-
tively. It suggested that the regression equations derived in this
study estimated relatively high accuracy.

In recent years, designing is taking place not only in terms
of design speed but also the range of the operating speed ac-
cording to the change of the operating environment. In this
work, optimization was performed by taking the speed range
into account, using the regression coefficients derived for each
speed. The objective function is to minimize the sum of the
pressure resistance coefficient estimates from the regression
equation.The bulb parameters is CABT¼0.074, CLPR¼0.460,
CZB¼0.770, CV¼0.049 and CRB¼0.270 that derived consid-
ering the range of speed. The resistance performance of this
hull form (Optimum hull(multi-speed)) is shown in Fig. 15
together. In considering the range of speed, the weighting
factor is not set for each speed. Thus, a bulb shape was ob-
tained which is advantageous in certain region but disadvan-
tageous in the other, as compared with the previous optimal
bulb shape.

6. Conclusions

This study was focused on designing the optimum bulbous
bow using gooseneck bulb in order to improve the resistance
performance of medium-sized passenger ships operating in the
Far East Asian seas. The following conclusions were obtained.

The numerical series tests were carried out for the goose-
neck bulb shapes. The relationships of resistance performance
were examined with bulb parameter ratios in each block co-
efficient and operating speed through the regression analysis.
The regression equations which can estimate the resistance
performance of medium-sized passenger ships were derived
with Fn ¼ 0.2e0.3 at CB ¼ 0.45e0.55. When the pressure
resistance estimated by derived regression equations was
compared with calculated results, most data showed 5% or less
error rates. Thus, it suggested that the resistance performance
of medium-sized passenger ships applying the gooseneck bulb
was estimated to be relatively high accuracy.

Bow hull form with improved resistance performance could
be designed through the optimization using the resistance
estimation equations derived in this study. As the results of
designing bow hull form of the gooseneck bulb targeting the
reference ship selected in this study, the hull form which can
reduce the pressure resistance was derived at an operating
speed by 32% (effective horsepower 11%). It suggested that
the gooseneck bulb could be applied as one of the optimum
design technique for bow hull form which can improve the
resistance performance of medium-sized passenger ship
operated in the Far East Asian seas.

Basic reference data and design techniques which could
effectively apply the gooseneck bulb in medium-sized pas-
senger ship were obtained through this study. Thus, this design
technique applying the gooseneck bulb could be applied in
design and modifications to improve the resistance perfor-
mance of domestic medium-sized passenger ship. Because this

study taken into account hull characteristics and operating
speed ranges of medium-sized passenger ships operating in the
Far East Asian seas and performed the estimation of resistance
performance or the optimization of the hull form using bulb
parameters as variables, it is expected to be a practical design
technique to easily determine the bulb parameters and shapes
and to estimate the resistance performance in the initial design
stage. In addition, it is expected that the resistance perfor-
mance using the design technique applying the gooseneck bulb
will be helpful to improve the financial environments of me-
dium- or small-sized passenger ferry companies s through the
acquisition of economic passenger ships with excellent resis-
tance performance.

If the studies are conducted on numerical series test and the
optimum technique together with foundational studies associ-
ated with resistance performance about the effects of the
gooseneck bulb based on the changes in draft in other ships, the
gooseneck bulb could be applied in the hull forms of other ships.
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