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Table 2-1 Technical data of 211B5 sensor

Type Value
Pressure Range (psi) 100
Maximum Pressure without damage (psi) 500
Sensitivity nom (mV/psi) 50
Threshold (psims) 0.001
Amplitude Non-linearity zero based BFSL L
(x%FSO)
Hysteresis (%) 1
Time Constant nom. (S) 20
Resonant Frequency nom (kHz) 300
Rise Time 10 ... 90% (us) 2
Low Frequency Response -5% Point (Hz) 0.025
High Frequency Response +5% Point (kHz) 50
Acceleration Sensitivity (gpk) 0.002
Shock Limit (1ms pulse) (gpk) 5000
Vibration max. (gpk) 50
Temperature Coefficient of Sensitivity (%/ 0.03
F)
Temperature Range Operating (°F) (4 mA
p supr?ly CLFJ)I‘I’en'[) o 65200
Bias nom. (VDC) 11
Impedance max. () 100
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Table 2-2 Components of the mixture

Products Density (kg/m3) Component ratio (%)
Sulphur hexafluoride 5.162 £6.0
(SF)
Nitrogen 1.146 43.1
(N,)
Mixture 3.999 100.0
(SF6 + NZ)
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Fig. 2-4 Oxygen level check

Table 2-3 The examples of saturation test

Filling level | Target Oxygen | Setting Measured
Action
(%H) Level (%) #. oxygen level (%)
01 Gas Injection 14.6
02 Forced Motion 16.0
03 Gas Injection 14.6
95 15 04 Forced Motion 14.8
05 Forced Motion 15.1
06 Gas Injection 15.0
07 Forced Motion 15.0

13 s M EEw
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2.2.6. Hlolg] &3 A|A® (Data Acquisition System, DAQ)

g AME AST 24 TAYYLS KISTLER jite] AZH
= Ax " ZH<(bias voltage)o] #AAFE FHz HdEr,
NATIONAL INSTRUMENTS it ] PXI-4495 ZH]E o] &3] o]
29 Fez AgEn AE9 DAQSY RS Fig. 2-6%
Fig. 2—=7¢] YerfiSlar, st 71 A5+ Table 2—4$} Table

2—-5°] st

Fig. 2-7 Piezoelectric sensor power supply/coupler (KISTLER CO.)
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Table 2-4 Technical data of PX1-4495

Bus

PXI1, PXI Express

Input Resolution (bits) 24
Dynamic Range (dB) 114
Sampling Rate per Channel 204.8 kS/s
Analog Inputs 16
Input Range -10 - +10V
Gain Settings 0 and 20 dB
Coupling DC
TEDS Supports OK
Table 2-5 Technical data of coupler
Type Value
Channel 16
Sensor Excitation Voltage (VDC) 24
Constant current (mA) 2
Fixed again 1
Accuracy (%) -1-+1
Non-linearity (%) -1-+1
Frequency response (Hz) 0.05 - 50000
Time constant (sec) 10
Noise (uVrms) <100
Channel Isomation, min (dB) 74
\oltage (V) -10 - +10
Output
Current (mA) 5
Operating temperature 0
Environmental range (C)
Relative humidity (%)
Connector BNC cable
16 A 2 tH 3
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Table 2-6 Model tanks

Model tanks

2D model (1)

(Harmonic test)

3D model

(Irregular test)

2D model (2)

(PIV test)
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Table 2-7 Configuration of sensors

Configuration of sensors

2D model (1)

(Harmonic test)

A7

6X6 Panels

3x6 Panel

i

3D model

(Irregular test)

8X2 Panel

2x2 Panel

2D model (2)

(PIV test)

6x6 panel

Unit = mm

Fig. 2-8 Mounted pressure sensor panels
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24.1. QA B FEA A2 T4

Gt g f5A AzPe A ten g AL A o
A £EE ZP3A7] A3 AAG FAF AEE AR vAF 2
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Fig. 2-9 General view of the PIV experimental setup.
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2.4.2. A2E T3 )

fA AR HE2 Fdsy] AHHE WA O FA9 5
2 24o] A5# /5 AW 1% g Algaol dh 2
AFolA AFEF 1% Fpvjels EOSENSE jite 1% 7hvets

ARg-3ESITE o] FhdlEks 1000x1000 sh4 &9 Al 2T 816

K
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Table 3-1 Test condition of harmonic test

Harmonic Test
Excitation motion Harmonic, regular
Model tank 2D model tank (1)
Filling level 95%H, 70%H, 25%H, 15%H
Excitation frequency 0.7m¢ - 1.4
Simulation time 200 periods
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Table 3-2 Test condition of irregular test

Irreugular Test
Excitation
Irregular
motion
Model tank 3D model (160K LNG carrier)
Filling level 95%H 70%H 10%H
T,=95s T,=95s T,=95s
Sea-state
H,=8.3m Hy=144m Hi=144m
Wave heading
90° 150° 150°
angle
Simulation time 5 hours in real scale
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Table 3—3¢ YeFf AT

pressure Sensors
2D model tank

w-m\\\\m\\\\\\m\\\\\\\m\\\\\\\m
R g

gas pocket

laser effect area

Fig. 3-1 schematic drawing of impact and locations of sensors.

Table 3-3 Test condition of harmonic test

PIV Test

Excitation motion Harmonic, regular

Model tank 2D model tank (2)
Filling level 70%H
Simulatino time 200 periods
Remarks Gas pocket conditino
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Fig. 4-1 Measured sloshing pressure of 2D harmonic test with 95%H filling
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Fig. 4-2 Measured sloshing pressure of 2D harmonic test with 70%H filling

level varying the frequency and the density ratio
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Fig. 4-6 Influence of the density ratio on the statistical pressures of 95%H

and 70%H filling levels under 3D irregular test
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Abstract

Study on the Effect of Density Ratio
of Gas and Liquid in Sloshing
Experiment

Yangjun Ahn
Department of Naval Architecture and Ocean Engineering
Seoul National University

The purpose of this study is to observe effects of the gas-liquid density
ratio on the sloshing experiment. Due to the recent significant demands of
LNG fuel, a size of LNG container vessel has been increased, and the
volume of its cargo containers has been also increased. This increase leads
the natural frequency of sloshing inside of the cargo to that of the vessel,
problems caused by sloshing needs to be considered, and classification
societies recommend experimental approach by using a model tank rather
than computational approach or analytical approach.

Being carried out, sloshing experiments produce their results which
need appropriate scaling for considering parent ship design. Identifying the
nondimensional parameters has been generally conducted, and a few
researches have concluded that Froude number may represent sloshing
pressure. However, Froude number has many limitations such as ignoring
the local phenomena or chances of thermodynamic effects. Therefore,

several nondimensional parameters have been suggested, and one of the
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numbers is the gas-liquid density ratio.

The presents study focuses on this density ratio, and observe its
influence on the sloshing phenomena. Three tests have been set up.
Conditions of the first test are harmonic and regular. Two-dimensional model
tank has been mounted, and the density ratio varies for each condition. Its
influence on the sloshing impact peak pressure is measured and compared.
Next, the purpose of the second test is similar with the first one, but
conditions are irregular, and 160K LNG cargo container has been selected as
a model tank. For the last test, Particle Image Velocimetry (PIV) experiment
has been applied for the sloshing experiment under the regular conditions.
Several technical problems exist for this application, and solved in the
present study. PIV experiments give the kinematic and dynamic results of
flow, and they are compared with the experiments which have the different
density ratio.

The first and the second test insist that the increase of the density ratio
generally lead decrease of the sloshing peak pressure, and the third test,

variation of the density ratio changes the kinematics and dynamics of flow.

Keywords : Model test, Density rratio, Scaling, Sloshing, Mixed gas

Student Number : 2011-21178
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