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free surface was low so the free surface elevation to water depth ratio was high, and Van Den Bosch et al. (1965) gave the re-

sults of their studies on the performance of free surface tank as a stabilizer. 

With the progress of aeronautics, many studies on the movements of fuel have been done. Especially in 1950’s and 1960’s, 

a lot of researches have been done on the control of missiles and rockets to take into account the effect of the fuel, of which the 

amount was diminishing and the mass and inertia had been changing continuously (Graham and Rodriguez, 1952; Abramson, 

1966; Roberts et al., 1966). The main focus was on finding the resonance mode of fuel tank that has free surface, and finding 

the equivalent mass-spring-damper system that has the same hydrodynamic properties. The linear analysis was sufficient in the 

dynamics for the control of missiles and rockets (Ibrahim, 2005). 

Currently, the researches on the liquid cargo are mainly focused on the analysis of the sloshing phenomena. Sloshing 

phenomenon did not cause problems in crude oil takers, but caused problems in purified oil tankers and LNG(liquefied natural 

gas) tankers. It has effects on the ship motion, and also damages on the top of tank because of the excessive pressure made by 

the hydrodynamics of free surface in a restricted area (Kim et al., 2013; Ahn et al., 2013). Other researches include sloshing 

under micro-gravity in space to be used in the field of the analysis of the space vehicles and the control of them (Helder, 2005) 

and sloshing in seismic conditions as the earthquake often demolish the liquid tank on land (Housner, 1954; Dogangun and 

Livaoglu, 2008). 

When the free surface exists, as mentioned previously, the effects of liquid cargo have been taken into account by using the 

method of coupling the ship motion dynamics and liquid hydrodynamics, which are solved by one of the proven methods such 

as the equivalent mass-spring-damper dynamics, potential flow hydrodynamics and computational fluid dynamics (CFD). In 

the case of fully filled liquid, the liquid is treated as solid and is included in the ship’s mass in many studies for the motion 

dynamics of ships. However, the inertia of liquid has difference compared with that of solid, especially in rotational acceleration. 

The inertia of the liquid in a fully filled tank was studied in this paper. The formulations on the liquid dynamics and inertia 

properties were solved, and the analysis of inertia properties has been done. As a result, for the rotational acceleration, the mo-

ment of inertia of liquid turns out to be small compared to that of solid, while the liquid acts like solid in recti-linear acceleration. 

The numerical solution was compared with the analytic solution, and the formula that accurately estimates the moment of 

inertia has been proposed. 

INERTIA OF LIQUID 

The inertia of material in a ship must be treated in different ways according to whether it is moving with the ship or not. In 

the case of moving with the ship, the ship’s dynamic can be analyzed under the condition that the mass of that material is 

included in ship’s mass. But in the case that the motion of material is different with that of the ship, the dynamics of the material 

and the ship must be solved concurrently and they must be coupled together to interact with each other. For example as in Fig.1 

the material is on the deck of a ship and not fixed, if the downward acceleration is less than the gravitational acceleration it 

moves with the ship, but if the downward acceleration is greater than gravity the material fly and the mass of material is not 

included in the ship’s mass. For another example as in Fig. 2, when the circular cylinder accelerates in rotation, the inner liquid 

does not accelerate if the viscosity is neglected. In this case, the moment of inertia comes only from the circular tank and not 

from the liquid in it. 

 

 
Fig. 1 Resultant acceleration of rigid material on deck. 



Download	English	Version:

https://daneshyari.com/en/article/4451787

Download	Persian	Version:

https://daneshyari.com/article/4451787

Daneshyari.com

https://daneshyari.com/en/article/4451787
https://daneshyari.com/article/4451787
https://daneshyari.com/

