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ABSTRACT

The paper presents numerical calculation of thermal insulation thickness for ship hull structure elements. Starting with simple model and continuing with more complex ones, the temperature distribution through thermal insulation of asphalt carrier ship structure was determined for various boundary conditions. Based on developed calculation procedure it is possible to determine the insulation thickness which will ensure the temperatures of ship construction elements in the safe range.
INTRODUCTION
The liquid asphalt is transported by ship in specially designed tanks strengthen by stiffeners, thermally insulated and separated mutually by waterproof bulkheads (see fig.2). The average asphalt temperature is 250 ºC. The storage tanks for liquid asphalt must be constructed in such a way that all loads caused by gravity and inertia are transported from web frames to ship hull structure elements which are placed in the same horizontal and vertical planes as the web frames. 
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Figure 1. Asphalt carrier ship
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Figure 2. Asphalt tanks built in ship structure
The T profile and Holland profile frames are on the outer side of asphalt tanks (fig. 3). They are insulated by mineral wool (fig. 4) to protect the ship hull structure elements from overheating. The goal of the work was to develop the method for calculation the adequate thermal insulation thickness which will ensure the temperatures of flanges on web frames to remain below 70 ºC.
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Figure 3. The plan of web frames
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Figure 4. The web frame with insulation
For numerical calculation the characteristic cross section of tanks with stiffeners and insulation was taken into consideration (see fig. 5).
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Figure 5.  The cross section of characteristic segment 
Where:
	TA
	-
	asphalt temperature, K

	TZ
	-
	temperature of the air between isolated tanks and hull ship, K

	TW
	-
	temperature of the sea, K


DESCRIPTION OF THE PROBLEM
Different possibilities of stiffeners insulations were analyzed with the aim to ensure the flange temperature TK below 70 ºC. The analysis was performed by means of numerical method for given boundary conditions and material characteristic. Different insulating materials were applied in calculations.
SOLVING THE PROBLEM
The problem was solved in three steps:
1. Analysis of the main parameters for numerical model
2. Evaluation of numerical model
3. Numerical simulation
To obtain the basic parameters for numerical model the preliminary calculations were performed by means of classic thermodynamical approach taking into account radiation, convection and conduction. The goal was to get the approximate values of critical temperatures on the construction. Numerical model evaluated is based on the control volume method and is two dimensional steady state one and for known boundary conditions.
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Figure 6. The geometry of the characteristic segment
Numerical model
The dimensions of control volumes were chosen to satisfy the needed accuracy. The model itself is based on 3D differential equation for head conduction: 
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(14)

where:


( - density,  kg/m3

c - specific heat capacity,  J/(kgK)


( - heat conduction coefficient,  W/(mK)


( - temperature, ºC


x, y, z - space coordinates,  m


(v - heat source or sink,  W/m3

a -  thermal diffusivity,  m2 /s

For numerical simulation the following presumptions were accepted:
· Temperature of asphalt tank's bottom is 250 ºC.

· Temperature of ship structure in contact with sea water is 15 ºC.

· Emissivity coefficient of all observed surfaces is ( = 0,85.

· Heat exchange on border surfaces was calculated as convection heat transfer with heat transfer coefficient of αk = 4 W/m2K or combination of convection and radiation.
· For frames on hull ship (lower part) radiation was neglected.
The entire volume net is of higher density in the areas where higher temperature gradients are expected. Total number of control volumes is in average about 23 000.

RESULTS 

Variant I 

There is no insulation layer on flanges. 
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Figure 7. Variant I 
Figure 8. The surface temperature distribution across the characteristic segment of tank web frame
Variant II 

Insulation exists on both web frame flanges.
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Figure 9. Variant II
Figure 10. The surface temperature distribution across the characteristic segment of tank web frame
Variant III 

Insulation exists only on upper web frame flange. It consists of high quality insulation layer (( = 0,02776 W/mK) and layer of mineral wool.
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Figure 11. Variant III
Figure 12. The surface temperature distribution across the characteristic segment of tank web frame
Variant IV  

Insulation exists on both web frame flanges. Insulation of tank web frame flange is the same as in variant III and hull ship web frame flange is insulated with high quality insulation layer.
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Figure 13. Variant IV
Figure 14. The surface temperature distribution across the characteristic segment of tank web frame
The temperature distributions along the web and flange of the hull ship for all four variants can be seen on figure 15.
[image: image30.wmf][image: image31.bmp]
Figure 15. Temperature distributions along the web and flange (of hull ship)
CONCLUSION
Based on the results of numerical simulations it can be concluded that variants II, III and IV satisfy the temperature conditions looked for. The lowest temperature of the flange (of hull ship) is obtained for variant IV ( 52,9 ºC).
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