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1. Introduction

4. Conclusions

i. Synthetic data can be generated and the performance of the GHE modeled in other untested conditions, without significantly increasing the computational

cost due to the model simplicity.

ii. There is no error induced due to device materials heating, removing the need to model the process control.

iii. It is demonstrated that other simple submodules can be integrated into a 3D GHE model.

Thermal Response Tests (TRT) are required for the evaluation of the thermophysical characteristics of the ground surrounding a Ground Heat Exchanger
(GHE). The use of 3D models allow to obtain these characteristics more accurately. After parameters validation, it is crucial to be able to synthetically
generate the fluid outlet temperature of the device so that the GHE can be evaluated in other conditions and even with a different geometry, what means
there is no need of more experimental TRT tests.

The aim of this work is to simulate the TRT device performance. For this purpose, it has been analysed the influence of both the behaviour of the TRT device
and its materials in contact with the water on the fluid outlet temperature of the equipment. Thus, it has been developed an equation which considers the
heat exchange inside the device to the water as well as to its internal elements at the beginning of the tests.
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From this curve, 𝐶𝑒𝑞 can be defined as a function composed of 𝑛 step values

within a temporal sequential superposition, where each of those 𝐶𝑒𝑞,𝑖 originates

from a different step '𝑖', in the form:

A) Experimental facility
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3. Results
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The heat flow is provided to the fluid by an electrical resistance and is assessed through
sensors installed at the inlet and outlet of the equipment.

During the test, the control system modifies the electrical power, ሶ𝑊𝑒(𝑡), in order to
supply a steady heat rate, ሶ𝑄𝑤(𝑡), with high fluctuations in the firt time steps.

The outlet temperature of the device (GHE inlet) can be determined through a model if the fluid temperature is
known at the device inlet (GHE outlet). This model is based on the application of the First Law of Thermodynamics:

ሶ𝑾𝒆 − ሶ𝑸𝒘 =
𝒅𝑼

𝒅𝒕
= 𝑪𝒆𝒒 ·

𝒅𝑻𝒅
𝒅𝒕

After substituting the terms of the equation
and discretising time, the outlet temperature
at the later time step of the machine, 𝑇𝑜,𝑗, can

be determined:

𝑻𝒐,𝒋 ≈
ሶ𝑸𝒘0 · 0,5 · 𝑭𝒒,𝒋 + 𝑭𝒒,𝒋−1 · ∆𝒕 + 0,5 · ሶ𝒎 · 𝒄𝒑 · 𝑻𝒊,𝒋 + 𝑻𝒊,𝒋−1 · ∆𝒕 + 𝑻𝒐,𝒋−1 · 𝑪𝒆𝒒 − 0,5 · ሶ𝒎 · 𝒄𝒑 · ∆𝒕

𝑪𝒆𝒒 + 0,5 · ሶ𝒎 · 𝒄𝒑 · ∆𝒕

Where 𝐶𝑒𝑞 𝐽/𝐾 is the equivalent heat capacity of the set and 𝐹𝑞 is the relation between ሶ𝑊𝑒(𝑡) and the

desired steady heat flow, ሶ𝑄𝑤0.

The variable 𝐶𝑒𝑞 is analysed as a time-varying term. This function

should follow the trend obtained directly from experimental data.

C𝑒𝑞 𝑡 = ෍

𝑖=1

𝑛

𝐶𝑒𝑞𝑖 − 𝐶𝑒𝑞𝑖−1

Now, the defined 𝐶𝑒𝑞 𝑡 can be introduced in the model to determine 𝑇𝑜,𝑗. For a

particular test, an accurate simulation of the 𝑇𝑜,𝑗 was achieved:

B) Model of TRT equipment
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