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This paper introduces a comprehensive model designed to analyze both analytical and numerical 

heat transfer in geothermal systems, focusing particularly on the injection and production phases 

for extended operational periods. A notable feature of this work is the use of a complex analytical 

solution to verify the numerical calculations. The research encompasses a variety of key 

parameters: transient temperature profiles, heat flow along the wellbore, total heat transfer rates, 

thermal conductivity of the formation, and the characteristics of pipe materials and flow. Central to 

this study is the concept of heat storage and extraction—specifically, the injection and storage of 

heat during summer months and its subsequent extraction in winter. 

A critical analysis of how these parameters influence the overall efficiency and performance of the 

system is presented. Our findings offer valuable insights into the optimal design and operational 

strategies for doublet and probe geothermal systems, aiming to enhance their effectiveness. 

Furthermore, the study extends to consider long-term impacts across several annual cycles, 

showcasing the potential of these systems for a consistent, efficient, and sustainable heat supply. 

The results highlight the viability of geothermal energy as a significant contributor to renewable 

energy portfolios, particularly in the context of long-term energy storage and management. 
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