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Studies on the motion characteristics of a barge
accompanied by sloshing in waves and analysis of

the pressure field by PIV

Lee, Eon Ju

Department of Naval Architecture and Ocean Systems Engineering

Graduate School of Korea Maritime And Ocean University

Abstract

In many cases, the size of the vessel has been increased to improve
the loading efficiency of the vessel in relation to the LNG handling and
storage. Therefore, ensuring the stability of the cargo hold to store the
LNG has been considered as an important matter. Especially, the
sloshing, which is the fluid impact load on the hull structure, has
become an emerging problem. However, the current GTT and many
classes has been using different evaluation methods based on their own
concepts and evaluation process as well as the technical examination
methods. Thus, it is mnecessary to conduct an experimental study
regarding the sloshing phenomenon and it is also important that the

accumulation of the results.

KEY WORDS: PIV; Pressure field; Noncontact analysis technique; Sloshing;
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Prediction of the pressure on the sloshing phenomenon is complicated
phenomenon. Therefore, it is important to examine the exact movement
of the fluid in the hydrodynamic viewpoint and to identify the physical
phenomenon associated with the change of various conditions. Hence, the
only way to derive a reliable result for now is to conduct an

experimental study.

Many previous studies measured an impact pressure in the sloshing
tank wusing a pressure sensor. This is a method for measuring only the
pressure value at a certain point(point peak pressure) in the interior of

the tank.

The primary purpose of the study is to provide a way to measure the
pressure field in the total flow field in the noncontact method using the
PIV technique. A beam structure was prepared for the development of
noncontact pressure field analysis techniques for this purpose and a
pressure sensor was attached on the side of the beam structure. When
the incident waves hit the beam structure, the pressure value was
measured using a pressure sensor in real time. At the same time the
surrounding fluid in the beam structure was measured using a PIV
technique. Through comparison of two different measurement methods
were used to verify the validity of the noncontact pressure field analysis

techniques using the PIV technique.

Based on the experiment results using the PIV technique, this study
analyzed the pressure field including both the inside fluid flow of the
sloshing tank and the surrounding fluid flow of the barge shaped model.

This analysis is for the pressure of the total flow field.

The secondary purpose of this study was to figure out the movement
characteristics of the FPSO accompanied by the sloshing in the waves
using a 2-D wave tank. Also the researcher examined how the sloshing

in the tank affects on the motion of the experimental model.

- vil —



This experiment was performed with a simplified barge shaped model
for FPSO. Tank sloshing phenomenon is mainly influenced by the
greatest of the structure according to rolling in the beam sea. Therefore,
the conditions of the incident waves were set in this papers as a beam
sea. Model experiments were performed based on a change in the fluid
height in the tank loading (0%, 10%, 30%, 50%, 80%) and a change of
the incident wave period(0.7sec~1.8sec). Factors of the change mentioned
above were examined how the factors affect the movement and sloshing

phenomenon of the structure.

In this study, the results were compared the contact-type pressure
value measured by the pressure sensor and the noncontact-type pressure

value measured by the PIV technique.

In addition, this study measured the movement of the experimental
model(roll, heave) and the PIV experiment was performed to measure the
inside flow of the sloshing tank and the surrounding flow of the

experimental model at the same time.

A diode laser, a high speed camera, a wave height meter, a 4-motion
instrumentation, and a wave maker were synchronized and used for the

study.
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Fig. 12 (a) Appearance of the structure in the wave tank experiments and
(b) pressure sensors installed appearance.
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Fig. 13 PIV experiments in a wave tank shape of the structure : (a) X-Y
view(zoom-out), (b) Y-Z view(zoom-in).
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Fig. 15 Pressure sensors (Kistler type 211B).
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the actual pressure value changes to filter the original data(a).
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Fig. 24 L,B,D representation of the relationship between the tank and the
barge shaped model.
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Fig. 25 Trends in the design dimensions of the FPSO (ABS, 2002) : (a)

relationship of length and width, (b) relationship of length and depth.
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Table 3 Specifications of the Deepwater Pathfinder (Samsung Heavy
Industries, 1998).

Ls (Cp=0.864054454)
L(length) | B(breadth) | D(depth) -7 g1/ D.W.T. D.W.T.
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Fig. 27 The actual shape of the created model.
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Table 4 Specifications used in the experiment.

equipment detailed conditions of the equipment
servo type wave height meter —channel number : 1 channel
* main body (SH-301) —-output voltage: +3(£5V Max)
(Fig.28(a)) —calibration voltage : 0.50%

servo type wave height meter

-maximum measuring wave height :
. detector(SHT3-30)

. 300mm(£150mm)
(Fig.28(b))
-25m(L)<X1m(B)*1.1(D),
2-D wave tank(Fig.29) -water depth : 0.8m
-range of wave make(0.07m~0.22m)
wave maker(Fig.29) -piston type
—roll(£45°)
motion instrumentations of structure | ~Pitch(£45°)
motion in the wave tank(Fig.30) ~heave(£100m)
-sway(£100mm)
—-laser head layout : A=532nmm(green)
diode-pumped thin—-disk Laser —-output power @ 8w
(Fig.31) -beam diameter < 2mm

—air cooling
-sensor : CMOS sensor, gray

CCD-camera -pixel size : 7.7/m(square format)
(motion analyzer motionXtra N-5) -resolution : 2352*1728 pixels
(Fig.32(a)) -bit Depth : 8bits

-shooting speed : 100Hz

Nikon AF 60mm 1:2.8D

(Fig.32(b))
vestosint 2157(polyamid 12) 57um, 1.02g/cn

f 2.8
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Fig. 28 Servo type wave height meter : (a) detector, (b) main body.
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Fig. 29 Schematic of 2-D wave tank.
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Fig. 30 Motion instrumentations of the structure in the wave tank : (a) 4-D

motion measuring equipment, (b) coordinate system of the equipment.
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Fig. 31 Setting state of the diode laser and laser sheet lens.
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Fig. 32 Equipment used in the hight speed shooting : (a) high speed camera
(CCD camera), (b) Nikon AF60mm lenses.
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Fig. 33 Samples of the incident wave measured using by wave detecter in
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Fig. 34 Sloshing phenomenon of the membrane-type tank (LR, 2009) : (a)
definition of the fluid filling ratio of the inside tank, (b) sloshing pressure

due to the fluid filling ratio.
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intermediate

F nAEFG AU Fweighy® F7hste] FTAE wASATHFig
35).
Table 5 Dimensions of the sloshing tank and the fluid filling ratio.
sloshing tank(Ly)
L B N filling filling filling filling filling
depth depth depth depth depth
(length) | (breadth) | (depth) W ep cb cb cP
0% 10% 30% 50% 80%
0.33m 0.216m | 0.097m Om 0.0097m | 0.0291m | 0.0485m | 0.0776m
xdraft of the experimental model : 0.066m

Fig. 35 Photo by correcting the weight in experimental models.
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Table 5 Experiment case of the barge shaped model in the 2-D wave
tank.

*water depth : 0.8m, wave height : 0.02m

tank filling depth | 0 |10 | 30 | 50 | 80
(%) % | % | % | % | %
0.7, 08, 09, 10,
11, 12, 13, 14,
15, 1.6, 1.7, 1.8

(Droll measurements

(@heave measurements incident wave period

(sec)

tank filling depth

PIV experiments (%) 50%

Dfluids inside of the sloshing tank
incident wave period | 0.7, 0.8, 0.9, 1.0,

(sec) 11, 1.2

@fluid surrounding of the model.
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Fig. 37 Roll characteristics of the barge shaped model in accordance with
the fluid filing ratio inside the sloshing tank.
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Fig. 38 Heave characteristics of the barge shaped model in accordance with
the fluid filing ratio inside the sloshing tank.
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Fig. A.1-3 Incident wave period : 0.9 sec



Fig. A.14 Incident wave period : 1.0 sec

Fig. A.1-5 Incident wave period : 1.1 sec

Fig. A.1-6 Incident wave period : 1.2 sec



Fig. A.1-8 Incident wave period : 1.4 sec

Fig. A.1-9 Incident wave period : 1.5 sec



Fig. A1-11 Incident wave period : 1.7 sec

Fig. A1-12 Incident wave period : 1.8 sec
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Fig. A.2-2 Incident wave period : 0.8 sec

Fig. A.2-3 Incident wave period : 0.9 sec



Fig. A.24 Incident wave period : 1.0 sec

Fig. A.2-6 Incident wave period : 1.2 sec



Fig. A.2-9 Incident wave period : 1.5 sec



Fig. A.2-12 Incident wave period : 1.8 sec
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Fig. A.3-3 Incident wave period : 0.9 sec



Fig. A.34 Incident wave period : 1.0 sec

Fig. A.3-5 Incident wave period : 1.1 sec

Fig. A.3-6 Incident wave period : 1.2 sec



Fig. A.3-9 Incident wave period : 1.5 sec



Fig. A.3-10 Incident wave period : 1.6 sec

Fig. A.3-11 Incident wave period : 1.7 sec

Fig. A.3-12 Incident wave period : 1.8 sec



A3 BIUE &4 AA L] 80% U o

0.7sec~1.8sec=

=
=

YAkst F7]

AR &0l 80%Y W,

IR A

ERELE

Eolth

| —
-

T8 A A YERY

oo

— 100 —



Fig. A4-2 Incident wave period : 0.8 sec

Fig. A43 Incident wave period : 0.9 sec
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Fig. A44 Incident wave period : 1.0 sec

Fig. A45 Incident wave period : 1.1 sec

Fig. A4-6 Incident wave period : 1.2 sec
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Fig. A49 Incident wave period : 1.5 sec
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Fig. A411 Incident wave period : 1.7 sec

Fig. A412 Incident wave period : 1.8 sec
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