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1. Introduction 
 

 The large-scale ground source heat pump (GSHP) system is 

a new type of district heating and cooling method. It features 

high energy efficiency and stable heat sources. Therefore, 

becoming more and more popular around some European 

countries. Considering the installation cost in Japan, and in 

order to promote the use of GSHP system, the Large-scale 

GSHP system is highly expected.  

  However, since the large-scale GSHP system has a huge 

amount of shallow ground heat exchange parts, which could 

have a huge influence on the performance of the whole 

system.  Thus, in order to improve the system efficiency, the 

research related to the shallow ground thermophysical 

property is needed. Besides, since the system working 

condition is a long-term operation, the whole system 

simulation is indispensable as well. This leads to the research 

works which will be introduced in this paper.  

  In this paper, in order to evaluate the influence of 

temperature changes on the performance of shallow heat 

exchanger, the studies about the shallow soil thermophysical 

property were conducted firstly. Then, by combining the 

well-known energy system simulation software TRNSYS 

(Transient System Simulation Tool) and MATLAB Ground 

Club software, which was already developed, a brand-new 

compound GSHP simulation platform was created in this 

research. It features the real-time calculation characteristics 

of TRNSYS, which can be used for quick and accurate 

calculation in the long-term working conditions of 

underground heat exchangers. Also features the multiple 

calculations of MATLAB.  

  Finally, the validation work and feasibility study were 

conducted. Finally, the simple Large-Scale GSHP system 

was created and validated in TRNSYS. Proposed the new 

GSHP simulation approaches which can be promoted to 

energy simulation users easily. 

 

2. Evaluation method of soil thermal property for 

shallow ground thermal energy utilization 

 
  Fig.1 shows the schematic of a simplified shallow ground 

thermal property test. In order to reduce the cost and time of 

shallow ground thermal property test. The thermal probe was 

selected to take place of traditional heat exchanger. 

Fig.1 The Schematic of Simplified Shallow Ground  

Thermal Property Test 
 
2.1 Field experiment 

  In this research, the field experiment was conducted, which 

included the vertical observation well and horizontal 

observation well. Fig.2 and Fig.3 show the schematic of 

horizontal observation well and vertical thermal probe 

experiment sites. For the horizontal observation well field 

experiment, we have arranged 2 thermal probes (Heat 

Flux=6W/m) at the depth of 1 m in the ground parallelly. The 

thermal probe A was set to release the heat continuously. The 

thermal probe B was used for estimating the soil thermal 

property. The data logger was also set to record the data of soil 

temperature changes when the probe is working. For the vertical 

field experiment. In order to test the shallow soil thermal 

property under vertical heating condition, 10 sensors were 

arranged from 0.5 m to 5 m underground, the distance between 

each sensor was 50 cm, the power and length of the heater are 

200W and 10m respectively.  

 

 

 

 
 

 

 

 

 

 

 

Fig.2 Schematic of Vertical Thermal Probe experiment (upside)  

& Sensor arrangement (downside) 
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Fig.3 Schematic of Experiment Site (left)  

& Horizontal Thermal Probe (right) 

 

2.2 Result and discussion 

  Fig.4 shows the experiment result and the ambient air 

temperature changes during the horizontal thermal property test. 

Fig.5 shows the calculated effective soil thermal conductivity 

of each month. According to this result, it is obvious that the 

soil temperature is gradually changing with the ambient air 

temperature evenly in the case of long-term heating Probe A. 

At the same time, the impulse heating for testing the effective 

thermal property was carried out by Probe B in December, 

February and May respectively. For heating progress in 

December, the calculated effective soil thermal conductivity of 

sensors 7, 8, 9 are 1.16, 1.14, 1.09.  

Fig.4 Experiment result (Horizontal Thermal Probe)  

Fig.5 Effective soil thermal conductivity (Horizontal Thermal Probe) 

  For heating progress in February, the calculated effective soil 

thermal conductivity of sensors 7, 8, 9 are 1.05, 0.99, 1.03. For 

heating progress in May, the calculated effective soil thermal 

conductivity of sensors 7, 8, 9 are 1.02, 0.97, 0.99. Comparing 

to the simulation result the average calculated soil effective 

thermal conductivity of December, February and May are 1.13, 

1.02, 0.99 W/(m·h) The result in December and May reflects a 

good match with CFD simulation result. But when it comes to 

the result in February, it might because the moisture content in 

February was less than December, then leads to a small thermal 

conductivity in February compared with the result in December. 

Compare the result between May and February, the reason that 

the effective soil thermal conductivity getting lower is might 

because the soil moisture content gradually decreases with the 

increase of ambient air temperature and the season change. As 

for the error between simulation result and experiment result, it 

is also might because the simulation does not consider the 

changes in the moisture content percentage of the soil, etc.  
  Fig.6 shows the calculated effective soil thermal conductivity. 

For this test, 2 different heating cases were conducted (diagonal 

and symmetry). From this result, it’s clear that the closer to the 

ground surface the greater influence on the soil temperature. 

Therefore, there is great variability with ambient air 

temperature changes for sensor 1 and sensor 2 (CH-1 and CH-

2) whose depth is less than 1 meter. Also, it is obvious that in 

different heating conditions, the thermal response keeps a 

significant difference.  

Fig.6 Effective soil thermal conductivity (Vertical Observation Well) 

 

3. Development of regional Large-Scale GSHP system 

simulation model combined with TRNSYS and 

MATLAB    

 
  Through the previous study, it is obvious that there are some 

gaps between the calculation results of the TRNSYS simulation 

software and the calculation results of MATLAB. This is 

because the MATLAB calculation software takes the actual 

situation of groundwater flow and the layout of the buried heat 

exchanger into account, which can provide a higher calculation 

accuracy. In order to take advantage of TRNSYS's component 

connection and the high precision of MATLAB calculation 

software, we imported MATLAB calculation software into 

TRNSYS for calculation and simulation. Researched the 

development of the joint system of TRNSYS and MATLAB. 



3.1 Create New GHEs Model 

  In order to establish the joint simulation system, the TRNSYS 

simulation coding was developed in MATLAB as shown in 

Fig.7 and Fig.8. Since the TRNSYS calling MATLAB coding 

work is different from the original MATLAB coding, therefore, 

the ‘mFileErrorCode’ was widely used in this time. The 

‘mFileErrorCode’ is a spot in the simulation works, when the 

simulation was beginning, the simulation cannot be stopped to 

check the error like the original MATLAB coding work.  

  Also, because the TRNSYS is real-time simulation software, 

during the simulation the calling program MATLAB needs to 

be correct for every time step. And since it is a calling program, 

the calculated data will not be saved for the next time step in the 

simulation, therefore we have set an EXCEL file to save the 

calculated data in MATLAB, and re-import the data that 

calculated by the previous time step. 

Fig.7 Schematic diagram 

Fig.8 MATLAB component in TRNSYS 

Fig.9 Simple simulation flow 

 

3.2 Validation of New GHEs system 

  Considering the applicability of the new simulation system, 

the validation work is indispensable. In order to validate the 

simulation model, the 2 types of different simulation work 

conditions were tested in this research. The first condition is 

certain heating load conditions: for the certain heating load 

condition, the steady heating load was set as 6 kW/h, ignoring 

the influence of groundwater and other external conditions on 

the soil temperature as shown in Fig.9. The second condition is 

a variety of heating load conditions: for the volatile heating load 

condition, the system flow and volatile heating load are 

changing with time, also ignoring the influence of groundwater 

and other external conditions on the soil temperature, set the 

simulation time to 100 hours. The third validation case is 

considering the year load and without the heat pumps then 

validate the simulation results. The simulation condition is 

shown in Table 1. 
 

Table 1 Simulation condition 

Fig.10 Validation result of certain load(upside) 

& volatile load (downside) 

GHE TYPE [-] 1: BOREHOLE 1

GHE NUMBER IN A ROW [-] 2

GHE NUMBER IN A COLUMN [-] 1

GHE INTERVAL [m] 1

GHE LENGTH [m] 100

GHE DIAMETER [m] 0.12

GROUT THERMAL CONDUCTIVITY [W/m/K] 1.8

SINGLE OR DOUBLE U-TUBE [-] 1

U-TUBE OUTER DIAMETER [m] 0.032

U-TUBE INNER DIAMETER [m] 0.026

U-TUBE SPACE [m] 0.03

U-TUBE THERMAL CONDUCTIVITY [W/m/K] 0.5

Tb-in New & 
Type557a Vunder=0

Tb-out New & Type557a
Vunder=0

Tb-in and Tb-out 
New 

Vunder=100m/y

Tb-in New & 
Type557a Vunder=0

Tb-out New & Type557a
Vunder=0Tb-in and Tb-out 

New Vunder=100m/y



  Compare the New Model with Type 557a as shown in Fig.10, 

the Mean Absolute Error is under 2 % at each time point. For 

constant load situation, the initial data fluctuation, it is caused 

by the data input from TRNSYS to MATLAB, the inlet load 

caused the fluctuation on the initial inlet, outlet, and soil 

temperature. For the volatile load situation, the difference is 

might because the New Model has considered the temperature 

changes of the soil in working conditions, but Type 557a does 

not consider this part, which leads to the temperature difference 

of the two-calculation method. However, the result keeps a 

good accuracy, it can be said the New calculation model keeps 

a good calculation accuracy. 

 

3.3 Establishment of Large-Scale GSHP simulation system 
 

  The Large-Scale HR-GSHP system was also created in 

TRNSYS as shown in Fig.11 and Fig.12. Applying the hourly 

load of a complex building for one week as shown in Fig.13. 

The simulation result is shown in Fig.14. This result shows a 

well-developed trend and a reliable accurateness of the 

temperature changes of the primary side, which also illustrates 

that this self-development simulation system keeps an excellent 

simulation performance.  

 

Fig.11 Large-Scale HR-GSHP system 

Fig.12 Large-Scale HR-GSHP system in TRNSYS 

Fig.13 Hourly load of a complex building for one week 

Fig.14 Temperature of primary side in different season 

 (complex building load) 

 

4. Conclusion 
(1) For the horizontal thermal probe and vertical observation 

well, the different underground temperature distribution and 

thermal conductivity changes will lead to a limited influence on 

the soil thermal property, the testing work in other seasons still 

needs to be continued. 

(2) The New TRNSYS-MATLAB compound simulation 

system was created, through the validation work, the maximum 

simulation error keeps under 2% compare with Type 557a. 

(3) The HR-GSHP was validated and illustrated that this self-

development simulation system keeps an excellent simulation 

performance. 
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