
Numerical model
Hp: Slowly variable heat load and axial temperature
gradient neglected → 2D heat conduction problem in
an infinite solid medium.

Only one BHE is considered, subjected to a unit step
heat load with a duration of 1 month; the temperature
changes in the ground due to the surrounding BHEs
and to the real heat load are evaluated afterwards
(superposition of the effects in space and time).

Dimensionless governing equations:

Time superposition of effects:

Space superposition of effects:
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Main objective: quick evaluation of the long-term
performance of BHE fields with unbalanced seasonal
heat loads and no groundwater movement. The
method allows to determine, for a period of 50 years,
the mean temperature at the interface between the
most critical BHE (the central one in the field) and
the ground, with reference to any BHE field
subjected to a time periodic heat load with a period of
one year and arbitrarily given monthly heat loads.

Parameters

Results
For each value of Fo and L*, the dimensionless
temperature T* has been evaluated numerically as a
function of  * / Fo and interpolating functions have
been determined:
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Fig 1. Square computational domain 
around the BHE and mesh.

Fig 2. Weighted superposition of 
twelve one-month step function.
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Fig 3. Determination of the 
temperature of the most critical 

BHE for a 1x5 BHE field.
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Fig 4. Computational values in red, interpolating function in orange.
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Examples and Conclusions
Typical heat load for residential buildings placed in
North-Centre Italy; dimensionless distance between
adjacent BHEs equal to 40; Fo = 4400.

The method allows a quick evaluation of the time
evolution of the dimensionless temperature at the
surface of the most critical BHE for a period of 50
years, for any BHE field, with a minimum distance
of 40 diameters between adjacent BHEs, which can
be considered as a part of a square field with a
maximum side length of 320 diameters.
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Fig 5. Dimensionless temperature on the BHE surface, for a single 
BHE and for the most critical BHE in a line of 3 BHEs (acceptable) 

and in a square field of 33 BHEs (critical). 
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