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Long time performance analysis of ground source heat pump for space heating and 

cooling applications based on thermo-economic optimization criterion 

 

Nurullah KAYACI*, Hakan DEMİR 

 

Department of Mechanical Engineering, Yıldız Technical University, Besiktas, 34349, Istanbul, Turkey,  

 

Highlights 

1. Obtaining the steady periodic temperature profile for ground heat exchanger sizing. 

2. Long term simulation of the variation of fluid inlet and outlet temperatures and soil 

temperature are carried out. 

3. Effects of burial depth, pipe spacing and surface heat fluxes on soil temperature are 

studied. 

4. A reference function is defined as an optimization parameter. 

5. Effects of geometrical and economical parameters on reference function are 

investigated. 

 

Abstract 

A ground heat exchanger is the essential part of a ground source heat pump system. The soil 

temperature profile strongly influences soil properties and ground heat exchanger, which vary 

with time and space. The soil temperature profile is also a function of the heat transfer rate 

extracted from or transferred to soil. Although there are several studies on sizing and selection 

of ground heat exchangers, they either use the unchanged soil temperature obtained from 

meteorological data or do not run for long time periods to obtain a steady periodic soil 

temperature profile and, thus, over-predict the ground heat exchanger performance. The aim 

of this study is to obtain transient soil temperature profile of a parallel pipe horizontal ground 

heat exchanger by considering various system parameters with realistic boundary conditions 

using meteorological data. In this study, experimental results are obtained from a GSHP 

system established at Yıldız Technical University and compared with the newly developed 

numerical model. For a case study, the hourly required heating and cooling loads of a 200 m2 

office in Istanbul all year round are calculated by using HAP software. The fluid inlet 

temperatures equivalent to the hourly need for heating and cooling loads of office throughout 
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