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Multiple layers, 1.e. grouted GHE
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~ Methods |

In closed- loop shallow geothermal, there are many reasons| |Goal: reduction of the overall thermal resitance given by the pipe and
to prefer a specific pipe size and configuration of the vertical| [the surrounding grout.

ground heat exchanger, which can be related to very practical issues| |Response: Thermal resistance [m*K-W=1]

such as drilling equipment or installation methods. However, a correct design should also| |Factors:

consider the heat exchange between the heat-carrier fluid and the surrounding subsoil
[1-4]. Determining the radius of grouted and non-grouted exchangers is critical to Variable  Parameter Min level (-1) Max level (+1)

enhance the thermal performance [5]. In cylindrical coordinates, adding grout or| ||, inner pioe radius [m] 0,02 ,
increasing the diameter of the exchanger could change the thickness of the grouting, - o6 wal thickness [m] 005 oo
which influence the borehole-resistance. Furthermore, it may happen that a decrease in , ’ ’
thermal resistance due to the change in the thickness of the pipe or of the grouting| | = srout thickness (m]__ 002 ot
layers can lead to a lower thermal resistance compared to a higher thermal conductivity| | - Pipe thermal conductivity [W/mK] 0 >
of the materials.[6]. Although well-known analytical equations exist that independently| |2 Grout thermal conductivity [W/mk] - 2

define the different phenomena involved from the physical standpoint, their application
as a whole is intricate and cannot describe all the interaction between the variables that| |« Experimental design: 2> factorial design.
contribute to the overall thermal performance. In a simplified form, such variables are| |+ 5 indipendent variables,

the operating temperatures, the thermophysical properties, the radii and thickness of| |« 2 levels of each variable.

pipe and grout, as well as the thermal properties of the subsoil. In this research, a| |« 32 Experiments.

different approach based on statistical modeling is proposed, which takes into account
the abovementioned variables organized as a factorial design [7]. Each variable takes on
analytically calculated levels to obtain responses. Then, through multiple linear
regression it is possible to mathematically describe the problem through coefficients
allowing to make predictions for whatever chosen exchanger configuration. Furthermore,
it is possible to select or screen out the few important main variables from the many less
important ones, and this is essential for improving or designing new types of exchangers.
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