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where T is temperature, λ is the heat conductivity, c
is the specific heat, ρ is the mass density, and t denotes
time. For the numerical solution, the finite element
method has been chosen for the discretisation of the
geometry, and the Euler backward finite difference
scheme for time discretisation.
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The finite element model has to be coupled with a
model describing the transient thermal behaviour of
the stream of air in the tube. This coupling consists
of a heat exchange between air and the surrounding
concrete wall along the inner surface of the tube and
is realised via a Cauchy boundary condition:

-13*

where n is the direction normal to the inner surface
of the tube, α is the heat exchange number and 0T  is
the air temperature in the tube.

The time discretisation of this process inside
the tube is realised by subdividing the tube into
segments of about 1 m. Therefore, the heat exchange
time for each segment is given by the velocity of the
air and the length of the segments.

In this model, the phase transition between
liquid and gaseous due to the humidity of the air has
also been taken into account. However, it turned out
that in all cases investigated, this effect is negligible.
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To simulate the heat pump heating system
of a standard house (a typical Austrian one family
house), a software package developed at the Technical
University Graz had to be implemented into the time
loop of the finite element code. The input for this
module is the output temperature of the collector
obtained by the FEM-module together with the
volume of air per second. Its output is the necessary
running time of the heat pump in minutes for each
hour. This time is used to control the length of the
time steps in the FEM-module. If the running time
of the heat pump is 0 to 60 minutes, the default time
step length of the FEM simulation is one hour. This
is sufficiently small in view of the thermal properties
of the air-well.

1�8��#F4�

Some typical cases investigated are listed
in Table 1 together with the SPFs obtained.
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Fig. 3. Temperature distribution in three planes perpendicular to the concrete tube near a building (L=60 m,
D=50 cm, H=1,5 m) at December 19, 12 a.m. a - Collector input, b - Middle of collector, c - Collector output
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The evolution of the output temperature of the
air-well is compared to the ambient temperature during
a cold period from December 15 to December 22 in
Figure 5. The heating effect is especially pronounced
during the extremely cold night of December 18.
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Fig. 4. Temperature distribution in three planes perpendicular to the two concrete tubes in series near a
building (L=2× 30 m, D=20 cm, H=1,5 m), on 19 December, at 12 a.m. a - Collector input and output

(y=0), b - y=15 m, c - y=30 m

Sl. 5.  Gibanje temperature okolja in izhodne temperature zbiralnika v tednu med 15. in 22. decembrom
Fig. 5. Evolutions of ambient and collector output temperature from 15th to 22nd December
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c
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