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Thermal Analysis of Liquid Argon Tank

Zhijing Tang

January 14, 2004

A cylindrical tank of 40 meters diameter and 30 meters high is filled with liquid argon. It is know that the heat leak though bottom and side causes the liquid to evaporate, which is 0.05% of the total volume per day. The evaporated argon will be replaced by liquid argon. It is desirable to know the temperature distribution inside the tank.

The total volume of the liquid is (20x20)(30) = 37699 m3. 0.05% of it will be 18.85 m3 per day. That is 0.2182e-3 m3/s. The density of liquid argon is 1393 kg/, and the latent heat of evaporation is 161 kJ/kg. Therefore the total heat leak is (0.2182)(1393(161) = 48930 w. The surface area of side is (40)(30) = 3770 m2, and the surface area of bottom is (20x20) = 1257 m2. So the heat flux through the leaking surface is 48930/(1257+3770) = 9.734 w/ m2. 

We assume that all the evaporation occurs at the top surface. Hence the temperature of the top surface is kept at the boiling point of the liquid argon, which is 87.3 K. 

Other material properties of the liquid argon are: density  = 1393 kg/ m3, viscosity = 0.26e-3 N-s/ m2, thermal conductivity k = 128 w/m-K, heat capacity c = 1117 J/kg-K. We do not have the temperature coefficient of the density for sub-cooled liquid argon. Extrapolation of the data for saturated liquid argon give us [1]  = -6 kg/ m3-K [*]. 

An axi-symmetric finite element model is built to calculate the temperature and flow field. For free convection problem, the flow will be lamina up to Rayleigh number about 109 [2]. The Rayleigh number of this problem is about 1015, so the flow will be turbulent. We first apply small acceleration and heat flux, calculate the lamina flow, then turn on the turbulent, and increase the acceleration and heat flux to get a convergent solution.

Fig.1 is the vector plot of the flow velocity. We see that the maximum flow velocity is about 7.7 cm/s, which is quite significant. Fig.2 is the temperature distribution in the tank. We see that the temperature is very uniform. The temperature difference is about 0.1 K. 
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[*]  After this is done, Rich Schmitt calculated that  = -6.19 kg/ m3-K.
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Figure 1 Flow Velocity
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Figure 2 Temperature Distribution

