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The spiral type one is more prominent, of which the vertical type
ground heat exchange (GHE) is the most common in ground source
heat pumps (GSHP) and on the purpose of this study as well. The pre-
sent paper provides numerical simulation for 1D-3D model of the
ground source heat pumps in cooling mode by using COMSOL envi-
ronment. In contrary to popular spiral models, this model is designed
with a low depth and high diameter with special metal rods (Fins). The
simulated spiral pipe has 10 m in depth and 1 m in diameter. In order
to compensate for the reduction in heat transfer due to the lower depth,
the effect of different parameters such as velocity, pitch, thermal con-
ductivity, and specific heat capacity in backfill material and ground on
the heat performance is investigated. Furthermore, different velocity
range is recommended for several pitches. In addition, as a novelty, an
innovative design is modeled consisting of diverse type of horizontal
aluminum rods (Fins) in the soil connected to the pipe completely
(Finned pipe). The fins not only hold the pipe inside the ground firmly
but also improve the heat transfer rate due to the area increase and the

high thermal conductivity system up to 31%.

1. Introduction

The vertical type has several models such as u-type
and spiral that are utilized owing to some circum-
stances in which the borehole drilling cost is of sig-
nificance. In many countries, particularly Iran, the
drilling is costing a fortune where the spiral tube
with long length and shallow depth is the best solu-
tion. Furthermore, for the countries where the tube
and installation costs are more than the drilling, the
u-type is a great decision.

The geothermal spiral tube with high diameter
and low depth is investigated. The low depth of the
well is compensated by reinforcing the heat ex-
change which is mainly happened at the high-
temperature difference. There exist many variables
to achieve the high heat transfer such as, thermal
conductivity, specific heat, soil, backfill material,
and using the aluminum pipes.

2. Methodology
The numerical model has been implemented in the
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commercial software COMSOL Multiphysics. Re-
garding the mathematical methodology, the 1D-3D
model is used for this paper. Therefore, the 1D spi-
ral pipe is considered for heat and mass transfer in a
3D borehole.

3. Model validation

The current model is verified and validated from
two papers which utilized the spiral tube. As for the
validation of the 1D-3D model, the experimental
data gathered using Dehghan B. works and the veri-
fication emerges from the study conducted by
Carotenuto et al. [3]. which applied the COMSOL
software for the 1D-3D model.

4. Results and Discussion

4.1 The impact of rod on the soil and its heat transfer
Given that, the diameter of the borehole is 1 meter; it
is relatively large compared to the boreholes used in
GSHP. Therefore, we can manually put the rods into
the ground, which has two major advantages: first, it
is possible to use the rods as firmly hold the pipe;
second, if the rod is made of aluminum or copper or
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metal with high thermal conductivity, the transferred
and taken heat can increase by the soil volume.

4.2 The backfill material and soil affect systems

The thermal conductivity changes with fixed cp at
both backfill material and soil is 0.5 to 5. It is clearly
observed that, unlike the u-type systems, by increas-
ing the thermal conductivity, the soil impact is more
than the backfill material, which is found in both cas-
es with the rod and without the rod. When the thermal
conductivity of the backfill material and ground in-
creases from 0.5 to 2 W/m.K the heat transfer rate
increases of about 40% and 48% respectively.

5. Conclusion
The effect of aluminum rods inside the ground is
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assessed in order to involve more volume of the soil
for heat exchange between pipe and soil and finally
rising the system performance. Some controversial
deductions are listed as bellow: The most impres-
sive factor for GHE inlet and outlet temperature
difference is determined to be the borehole depth
whereas the pitch, rod length, and the number of
turns have less impact. Applying 120 aluminum
rods horizontally to the soil, in contact with GHE,
the heat transfer is improved. By examining 5 types
of rods, we were able to create 0.84°C increase in
temperature difference, which enhanced the heat
transfer by 31%.
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