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Thema: Transient Natural Convection from Tube Bundles Immersed in a Tilted 
Enclosure 

 
In an effort to reduce the installed cost of solar water heating systems in the US, the University 
of Minnesota, in partnership with the US National Renewable Energy Laboratory and industry, is 
developing an all-polymer integral collector storage system. One of the unique aspects of the 
system is the placement of a heat exchanger within the unpressurized collector. The emphasis of 
this seminar is characterization of the buoyancy-driven fluid motion within the collector enclo-
sure and measurement of heat transfer coefficients for bundles of tubes. Natural convection 
flow in the enclosure is interpreted from a transient scale analysis and three-dimensional com-
putational model as well as measured water temperature distributions in an enclosure of aspect 
ratio of 9.3:1 and inclined at 30 degrees to the horizontal. Average natural convection heat trans-
fer rates are measured for isothermal and stratified enclosures with both adiabatic and uniform 
heat flux boundary conditions. Correlations for the quasi-steady heat transfer coefficient in 
terms of the Nusselt and Rayleigh numbers are reduced to the form Nu = CRan for 102 ≤ Ra ≤ 108, 
based on the diameter of the immersed tube and a characteristic temperature difference. Nus-
selt numbers are at least three times larger than those for tubes in an unbounded fluid. The heat 
transfer enhancement is attributed to the large scale circulation rates in the enclosure. For tube 
bundles, generally Nusselt numbers increase with increasing pitch-to-diameter ratio and applied 
heat flux. 
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