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Abstract: Nowadays, the mechanism of a bulbous bow on resistance reduction is still ambiguous. By carrying out a

study of wave—making resistance based on spherical bow configuration, we can reveal the truth of the problem and find

out the effect of reducing resistance and suppressing waves of a bulbous bow on a surface combat ship. As such, the

study is fundamentally meaningful. As to ship type DTMB 5415, CFD software STAR-CCM was utilized to analyze the

effect and mechanism of the bulbous bow's main configuration parameters on wave—making resistance. To this end, sev-

eral groups of extended bulbous bows with extended reach and various radius parameters were first set up. Next, analy-

ses were carried out of the variation of resistance and the mechanism of the bulbous bow on resistance reduction, which

associate with the known experimental data and CFD calculated data. The final results show that, in certain circum-

stances, the Froude number, longitudinal position and radius of the bulbous bow have vital and obvious influences on

wave—making resistance.
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0 Introduction

The optimization of bulbous bow configuration is
one of the important items in the optimization of hy-
drodynamic performance of ship. Well designed bul-
bous bow has better resistance reduction effect, and
can well improve the economy of ship operation. In
the field of surface combat ship design, due to that
the ships often need to install sonar dome, and be-
cause of the actual spatial arrangement, the bulbous
bow with resistance reduction ability could not be in-
stalled, bulbous bows with resistance reduction ef-
fect are common in commercial ships. Sonar dome is
generally arranged on the basis of technical perfor-
mance of sonar installation only, so it does not have
the function of resistance reduction'™. It is still a
frontier research subject in recent years to add resis-
tance reducing bulbous bow to high speed surface-
combat ships. Since the 1960s, research on the resis-

tance reduction of bulbous bow were mainly in three
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aspects: variational method study on optimization of
bulbous bow configuration with minimum wave—mak-
ing resistance as the goal”™; bulbous bow optimiza-
tion by combining wave—making resistance theory
with mathematical programming, genetic algorithm
and other mathematical optimization algorithms'; re-
sistance reduction design of bulbous bow configura-
tion by combining with the tests based on waveform
measurement and its analytical calculation of differ-
ent configurations of hulbous bow ship type”. The
mechanism of bulbous bow configuration's effect on
resistance has in fact not been clearly demonstrated,
and there is little in—depth and detailed research in
this respect. Moreover, there is even no published lit-
erature of the research on mechanism of resistance
reduction of surface ship bulbous bow using the new
technology of CFD numerical simulation of modern
ships. Although the research of bulbous bow resis-
tance reduction does not belong to a new field of

study, there are a lot of basic theoretical and practi-
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cal problems needing to be solved urgently, so as to
adapt to the characteristics of the times of energy sav-
ing and emission reduction of surface ships.

In this paper, the numerical simulation method of
CFD was used to carry out in—depth study of the ef-
fect and mechanism of the bulbous bow configura-
tion parameters on the resistance performance of sur-
face ship. In the course of the study, fully consider-
ing several key parameters affecting the resistance
performance of bulbous bow, on the basis of previous
research results, DTMB 5415 was used as the parent
ship, and several groups of representative variants
were set. By comparing the resistance reduction ef-
fect of different bulbous bow configurations, the ef-
fect of different parameters of spherical bulbous bow

on the resistance reduction effect was analyzed.

1 Analysis of the spherical bulbous
bow configuration and CFD cal-
culation of the resistance of bul-
bous bow ship type

1.1 Analysis of the spherical bulbous
bow configuration

In order to simplify the modeling of bulbous bow
configuration and CFD calculation, and to facilitate
the analysis of resistance characteristics, the re-
search object of this paper, i.e. the bulbous bow, was
defined as a simple geometry, that is, the sphere.
The main geometric parameters and factors that have
great influence on the resistance characteristics are
as follows:

1) The longitudinal position of the bulbous bow. It
refers to the horizontal distance between the head
end of the spherical bulbous bow and the front end of
the waterline of the non—spherical bulbous bow, and
2%-5% was taken as the designed waterline length
during modelling.

2) The vertical position.It refers to the vertical dis-
tance from the central axis of bulbous bow to the wa-
terline surface. In several groups of the variants in
this paper, the vertical height of the spherical bul-
bous bow was selected according to the principle
that the lower edge of the bulbous bow was tangent to
the extended line of hull bottom.

3) Bulbous bow radius. It refers to the radius of
sphere or spherical crown which forms the bulbous
bow. When the bulbous bow and main hull are sepa-

rated from each other, it is the sphere radius, as

nects the main hull, it is the radius of the hemi-
sphere at the ends or of the spherical crown, as

shown in Fig. 2.

Fig.1 The No. Ol variant scheme of calculation model
DTMB 5415

Fig.2  The No. 11 variant scheme of calculation model
DTMB 5415

4) Connection type of the bulbous bow with the
main hull. In order to investigate the mechanism of
resistance reduction of bulbous bow, in the model-
ling and resistance calculation of bulbous bow by us-
ing CFD software STAR-CCM, the 01 variant
scheme of bulbous bow was specially designed. Bul-
bous bow of the scheme did not have actual connec-
tion with the hull, as shown in Fig. 1; while the 11
variant scheme of bulbous bow had fair cylindrical
through connection with the hull, as shown in Fig. 2.
In the subsequent process of model test, separate bul-
bous bow shown in Fig. 1 will use the thin
rod—shaped component extending from the bow to fix
its position, which requires it convenient for the rod
to adjust the bulbous bow position, and thin rod's
strength sufficient to ensure no deformation in the
test process.

Due to the installation of resistance reducing bul-
bous bow, DTMB 5415 prototype sonar dome cannot
be normally installed and used like the prototypes.
Therefore, a variant bow of ship type DTMB 5415
was proposed, that is to remove the sonar dome to
form the basic ship type DTMB 5415G, as shown in
Fig. 3.

In the process of adding bulbous bow and its vari-
ant, the displacement will change slightly, but the
variation was very small, below 0.5%, so it can be ne-

glected in the analysis comparison of resistance char-
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Fig.3 The scheme of calculation model DTMB 5415G

some extent, and the variation was less than 1%. In
order to eliminate the effect of immersed area
change, this change was included in all kinds of re-
sistance calculation such as friction resistance.

As mentioned above, the bulbous bow is of a
spherical shape, and the calculation of its radius
may refer to Refs. [7-8]. According to the formula of
linear wave—making resistance theory, when the lon-
gitudinal position and immersed depth are given, the
formulas for calculating the optimal theoretical radi-

us of bulbous bow are shown in Formulas (1)-(4):

/2
M J:) Ay A e, €08 0 cos( K, Ax sec())do (1)
M 1

/2 2
%o J:) [A DB(Q)] cos’6do
1
K,=—— (2)
 Fn'L
where
2K0L2(1 - e”(“““l")secze
Aps= 2 (3)
n(KOL seczﬁ) -
8K02 Sec4 ee*Kufseczﬁ
Apg = U (4)

The radius R of the spherical bulbous bow is

R:@ (5)

In the above formulas: 6 is angle of wave attack;
T is the draft of ship; U is uniform inflow velocity;
M is dipole intensity; «, is inflow angle of main
hull water—plane; L is the length of ship; Ax is the
longitudinal elongation of bulbous bow; f is im-
mersed depth of bulbous bow.

According to the given longitudinal position and
immersed depth, the curve of the optimal theoretical
radius of the bulbous bow changing with the Froude
number is shown in Fig. 4.

As can be seen from Formulas (1)-(5), the radius
and the Ax of bulbous bow are correlated, but the ef-
fect of the Ax on the calculated result of bulbous bow
radius R is not large. In order to investigate the ef-
fects of bulbous bow's longitudinal position and radi-
us on the resistance reduction performance, the two
main parameters were taken as independent input

variables-in the .caleulation. Moreover, because.the

The best radius of bow bulbous / m
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Fig.4 The best radius of bulbous bow of DTMB 5415

influence of the vertical position of the bulbous bow
on the resistance with the change of speed is not as
sensitive as that of the longitudinal position on the re-
sistance, in order to make the conclusion clearer, the
vertical position is taken as a definite value temporar-
ily.

Through the Matlab programming, the theoretical
optimal spherical bulbous bow radius was finally ob-
tained as shown in Table 1. In the table, the best ra-
dius is approximately between 0.129 4-0.141 0 m,
which is determined according to the cruising speed";
bulbous bow extended reach (longitudinal position)
was determined by combining the previous research
results, the construction process and operating char-

B 79791 \which is inde-

acteristics of target ship type
pendent input parameter. In the following section,
the CFD method was used to calculate and analyze
the effect and mechanism of the bulbous bow's resis-
tance reduction, which is based on the bulbous bow

parameters shown in Table 1.

Table 1 Configuration parameters of bulbous bow variants

. Bulbous  Extended reach Ratio of
Variant model )
bow radius  of bulbous bow  extended reach
schemes
R /m Ax /m to ship length/%
DTMB 5415G — — —
DTMB 541501-05 0.1294 0.171 6 3.0
DTMB 541501-06 0.129 4 0.257 4 4.5
DTMB 5415 11-05 0.1294 0.171 6 3.0
DTMB 5415 11-06  0.129 4 0.257 4 4.5
DTMB 5415 12-06  0.141 0 0.257 4 4.5

1.2 CFD calculation of resistance and
processing of calculated results

Viscous flow CFD numerical simulation software
STAR-CCM was used to simulate and calculate the
flow field and resistance of the basic ship type DT-
MB 5415G, and ship types DTMB 5415-01 and DT-
MB 5415= Ll with bulbous bow-
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For the basic ship type DTMB 5415G and ship
type DTMB 5415-11 with bulbous bow, in accor-
dance with the most commonly used Froude method
for the processing of wave—making resistance coeffi-
cients of the high—speed surface ships in engineering
application"”, the residual resistance can be used as
characterization of wave—making resistance, that is,
the main component of the residual resistance is con-
sidered to be wave—making resistance, and the two
are approximately equal:

C,=~C, (6)
where: C is the wave—making resistance coeffi-
cient; and C, is the residual resistance coefficient.
Each resistance coefficient was defined by the ex-

pression commonly used in engineering, i.e.,

RW
C, =T .-
Epsz

Rl’
C. =T -
E’DVZS

where R is the wave—making resistance; R, is re-
sidual resistance; v is viscosity coefficient; and p
is water density. The wetted area S of the basic ship
type DTMB 5415G was calculated as light body, and
the surface area change caused by the addition of
variant bulbous bow was included in the ship type
DTMB 5415-11. From the point of view of physical
meaning , the main component of C, should be the

pressure difference resistance C_, so it is directly

determined by the pressure difference resistance
with the simultaneous influence of the wave surface
and viscosity using the STAR-CCM software.

For the ship type DTMB 5415-01, bulbous bow
and the main hull are separated from each other, due
to that viscous pressure resistance (i.e. form resis-
tance) caused by trailing vortex from spherical flow

separation was larger, the value C,(~C)) calculated

directly by STAR-CCM software based on pressure
difference resistance will be significantly larger than
C, . If the hypothesis was still made according to the
Froude number, characterizing C_ by C, will ob-
tain unreasonable results (which can be found in the
comparative analysis between numerical calculation
results of C = and prediction results of C, ). There-
fore, it was proposed in this paper to deduct the vis-
cous pressure resistance of the sphere in the process
of solving wave-making of ship type DTMB
5415-01, i.e.,

C,=C.-C, (7)

In the formiila, C. islthe cdeffiéfent of yiscous pres-

€

sure resistance (i.e., form resistance) of the sphere.
As for the resistance, the experimental results with fi-
nal conclusions have been achieved in relevant liter-
ature""’, which can be easily calculated by the numer-
ical calculation software of viscous fluid dynamics.

In order to verify the correctness of above calcula-
tion results, numerical calculation was carried out
for the total resistance and residual resistance of the
parent ship DTMB 5415 according to the proposed
method, and the numerical calculation results were

12 .
2 as shown in

compared to the model's test results
Figs. 5 and 6. Fig. 5 shows the comparison between
the numerically calculated value of the total resis-
tance of the DTMB 5415 model and the experimental
value of the model test. Fig. 6 shows the comparison

of the results of residual resistance.

—0O— DTMB 5415 exp.

0.0084  —O— pPTMB 5415 cal. ]

0.006+

0.004+

The total resistance coefficients

T I T y T Y T Y 1
0.1 0.2 0.3 0.4 0.5

Fig.5 Comparison of the total resistance coefficients between

experiment values and calculated values with DTMB 5415
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The residual resistance coefficients
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Fig.6  Comparison of the residual resistance coefficients between

experiment values and calculated values with DTMB 5415

As can be seen from Figs. 5 and 6, the theoretical
calculated values of the total resistance and residual
resistance of the model were consistent with the over-
all trend of the experimental value, with small devia-
tion. The maximum deviation of calculated total re-
sistance value was less than 10%, and the maximum

deviation.of calculated residual, resistance value,was
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less than 8% .

curred in the low speed domain, which was beyond

The maximum deviations both oc-

the practical low speed range of the object ship type
of high—speed displacement ship with transom stern
that we study. In the low—speed domain, effective
power of the ship and energy consumption of the
main engine were smaller, and power reserve was suf-
ficient, indicating the deviation of above magnitude
was in the practical allowable range. It can be also
seen from the figures that in the common medium
and high speed ranges of object ship type, the value
and trend of the calculated values were in good
agreement with the experimental values. It indicates
that the CFD numerical simulation method and soft-
ware are accurate and effective, which is suitable for
the comparative study of the resistance of ship type
and the analysis of the resistance reduction mecha-

nism of bulbous bow.

2 Analysis of the resistance reduc—
tion effect of bulbous bow

The residual (wave—making) resistance coefficient
curves of the related ship type with bulbous bow cal-
culated by the above method are shown in Figs. 7
and 8 (both represent comparison of wave—making re-
sistance between the ship type schemes of separated
bulbous bow and through bulbous bow). In Figs. 7
and 8, the difference between the two schemes is
that the extended reach of the two variant bulbous
bow are different.

According to the comparison of Figs. 7 and 8,
wave—making resistance of the variant model 01 with
deducted separated spherical bulbous bow's viscous
resistance (form resistance) has the same trend of
wave—making resistance with the variant model 11,
and the difference between the two groups of curves
is smaller. As a result, the fair connection of the bul-

bous bow with the hull is an important factor in the
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Fig.7 Comparison of wave—making resistance coefficients
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Fig.8 Comparison of wave—making resistance coefficients

between variants 01-06 & 11-06

ship's resistance reduction during the design process
of the extended bulbous bow. One difference be-
tween the separated and the through bulbous bows is
that the relative inflow length of the through bulbous
bow is greater than that of the separated bulbous bow
for the bulbous bows with the same parameters, and
the comparison between the 2 groups of curves in
Figs. 7 and 8 shows that, resistance reduction mecha-
nism of bulbous bow is that the superposition of bul-
bous bow wave and the hull wave results in the can-
cellation of each other, rather than being caused by
changes in the relative inflow length.

In order to compare the influence of different bul-
bous bow radii and longitudinal extended reaches on
the resistance reduction effect, the CFD method was
used to calculate the resistance curve as shown in
Figs. 9 and 10. From Figs. 9 and 10, we can obtain
the preliminary rule of the influence of the bulbous
bow radius and longitudinal position on the resis-
tance reduction effect, concluded as follows:

1) For a given longitudinal position of the bulbous
, and the

bow, there exists a critical velocity value'”

bulbous bow ship type will show a significant resis-
tance reduction tendency when the speed exceeds
the velocity value.

_—O=—DTMB 5415 exp. —2=— DTMB 5415 01-05

—O=—=DTMB 5415 cal. —*/=— DTMB 5415 11-05
0.008 = DTMB 5415 12-06

0.006

The total resistance coefficients

0.004

Fn
Fig.9 Comparison of the total resistance coefficients

between prototype-andwariants
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Fig.10 Comparison of the residual resistance coefficients

between prototype and variants

2) The resistance reduction effect of the bulbous
bow is not applicable to the full speed range.

3) The radius change also has a great influence on
the resistance reduction effect. The general trend is
that, in the range of parameters selected in this pa-
per, the decrease of radius is beneficial to the resis-
tance reduction effect, and at this time, both the
range and interval of resistance reduction increase
significantly. Therefore, it is necessary to firstly de-
termine the radius of the bulbous bow with good re-
sistance reduction effect before adjusting the longitu-
dinal position of the bulbous bow to achieve signifi-

cant resistance reduction.

3 Conclusions

In this paper, the simulation and numerical calcu-
lation were carried out by using the CFD before and
after installing the resistance reducing bulbous bow

on the ship type DTMB 5415, and the calculated

resistance values and experimental data were
analyzed. Firstly, the feasibility and effectiveness of
the CFD calculation were verified by comparing the
experimental data of the prototype with the calculat-
ed data. Secondly, in the process of research, the
main mechanism of the bulbous bow resistance
reduction was obtained by the way of separated
bulbous bow, which is the superposition and cancel-
lation of bulbous bow wave-making and the hull
wave—making. Finally, by comparing the prototype
and variant models, the influence of bulbous bow
configuration parameters on wave—making resistance
performance was obtained, and then the influence of
bulbous bow parameters on the resistance reduction
effect was deduced. The calculation results show that
under the condition of different Froude numbers,
these variant models can achieve a better resistance

reductioneffeet in the middle dnd.high.speedrange

of ship (Fn = 0.36-0.45, corresponding to the actual
ship speed 26.1-32.6 kn). The wave—making resis-
tance can be reduced by up to 35% at Fn = 0.45.
Correspondingly, the total resistance can be reduced
by up to 25%.

Moreover, we also try to use CFD methods based
on the specific configuration of bulbous bow to inves-
tigate into the wave—making resistance reduction
characteristics, which has excellent and broad appli-
cation prospect in the research on the hydrodynamic
performance of high—-speed surface ships. In order to
verify the relevant conclusions more directly, corre-

sponding tests can be carried out in the future.
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