Thermal performance of a U-tube borehole heat exchanger
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Borehole heat exchangers are used to exploit effectively the heat capacity of the soil and commonly they are coupled to heat pumps for increasing their efficiency. In a vertical U-tube borehole heat exchanger a water pump circulates fluid through pipes inserted into a borehole in the ground. The borehole, after the insertion of the U-tube is usually backfilled with grout in order to ensure good thermal contact with the ground. The grout is often a bentonite clay mixture, with the possibility of having thermally enhanced additives in order to obtain a thermal conductivity significantly lower than the surrounding ground. The circulating fluid is usually water or a water-antifreeze mixture.
A borehole heat exchanger is usually drilled to a depth between 20 to 300 m with a diameter of 10 to 15 cm. A borehole system can be composed of a large number of individual boreholes. For typical ground conditions and a single borehole heat exchanger, the borehole length is sized for a heat extraction rate per meter borehole of about 50 W/m. 

A 50m deep U-tube borehole heat exchanger is installed in Nicosia, Cyprus. The purpose of this installation is to investigate the possibility of combining the heat exchanger with a heat pump and analyze the potential benefits. Such a system is investigated for the very first time in Cyprus. It is expected that the coefficient of performance (COP) of the heat pump will be increased significantly both during the heating and cooling seasons.

For sizing the borehole heat exchanger its thermal properties must be estimated. Several models for calculating the thermal properties of a borehole heat exchanger are available. These models, which are based on Fourier’s law of heat conduction, include the analytical line source model and the cylindrical source model and several numerical models. The line source method is simple and does not need expensive equipment. This method is examined and a test is performed in order to determine a borehole’s characteristics in layers consisting of clay, silt and sand at various analogies. For the borehole under test the ground thermal conductivity (λ) was found to be 2.7 W/(m K) and the effective borehole thermal resistance (Rb) to be 0.10 K/(W/m). This is in accordance with values concerning similar types of ground layers. The results of the test are very sensitive to the amount of initial data that are discarded. The test is sensitive to the daily flux penetration through the ground which gradually increases the temperature of the top layers in summer and to the variation of the heating coil injection rate which affect the temperature of the fluid of the heat exchanger at some later time. 
















