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INTRODUCTION

The Underground Thermal Energy Storage (UTES) is a good solution for saving energy. Laboratory methods have been used to study the ground properties.
MOBILE SYSTEM FOR EXAMINING GROUND THERMAL PROPERTIES
The basic quality requirements for the experimental apparatus are an uninterruptible supply of constant heat power to the borehole and the capability to take highly accurate temperature and flow rate measurements. Fig.1 shows the unit design.

[image: image1.png]



Fig.1. System set-up [2]

Charging and discharging of hybrid installation with solar collectors and BTES
A hybrid installation with solar collectors and Borehole Thermal Energy Storage (BTES) was set up in 2003 at the "Solar Energy Laboratory" of the Technical University Federico Santa Maria (UTFSM) in Valparaiso, Chile with the participation of Prof. A. Georgiev [1].

1. Construction of the system  
The installation is located in Plovdiv, Bulgaria, at the campus of the Technical university of Sofia, on the 4-th floor. The main components of the installation are: solar collectors (SC), a hot-water storage (200 l), a latent heat storage (300 l), a water-water heat pump (inverter type), a cold-water storage (150 l), two borehole heat exchangers (BHEs), two expansion tanks, a flat panel heat exchanger and a fan-coil convector [2]. 
2. Measurement and control requirements 

The system complexity demands a lot of measurement points for a long period of time in order to obtain a suitable data set that allows correct thermal and energy process analyses. The number of measurement points can be approximated depending on which specific sensor or instrument type was used.

The operator console is designed as a PC-based station linked via USB or wireless Internet connection to a DAQ board. It ensures that the experiment is being remotely monitored and controlled in real time [3].

3. Different regimes for system operation
Seven different regimes are possible for system operation:

- Mode 1 (charging of the water storages);

- Mode 2 (charging of the borehole storage);
- Mode 3 (direct solar heating);

- Mode 4 (ground-source heat pump heating).
Preparation of the Borehole Heat Exchangers (BHEs)

Polyethylene (PE) pipes are used in the geothermal drills.  The chosen polyethylene pipes are of the PE 100 type and their technical specifications are given in Tab.1.

Table 1. Specifications of PE 100 pipes
----------------------------------------------------------------------------

Name        Surface   Free 
Size of 
Nominal
Hydraulic

            area       volume
lamellas 
Diameter
Diameter

----------------------------------------------------------------------------


          m²         m³            mm           mm          mm

----------------------------------------------------------------------------

IMTP 25
242.8
   97.1

 2.0
  18.6
  16.0

IMTP 40
171.6
   96.7

 3.1
  26.5
  22.5

IMTP 50
107.1
   97.8

 4.1
  37.5
  36.5

IMTP 70
66.1
   98.5

 4.1
  61.0
  59.6

----------------------------------------------------------------------------
Response analysis

Basic equation
The Kelvin's line source theory [4-6] is normally used as a base for mathematical evaluation of the Thermal Response Test:
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- temperature rise, K;

q - heat injection power per unit borehole length, W/m;

λ - ground thermal conductivity, W/mK;

t – time, s;

a - thermal diffusivity, m²/s;

r - radius from the borehole, m;

β - integration variable, -;
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- radius of the borehole, m.

Slope determination technique

With this approximation, the delivered heat is considered as coming from a line source, the borehole in Eq,(1). The value of c is to be determined from the inclination of the line in the plot of the mean fluid temperature versus ln(t) [7].
CONCLUSIONS

     Some TRTs have been conducted in 2009, 2011 and 2012 at the Technical University of Sofia, Plovdiv Branch, with the created mobile installation. There are some main conclusions.
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NOMENCLATURE
q - heat injection power per unit borehole length, W/m;

r - radius, m;

t - time, s;

T - temperature, K;

a - thermal diffusivity, m²/s;

β - integration variable, -;

λ - thermal conductivity, W/mK;

[image: image5.wmf]b

r

- radius of the borehole, m.

Subscripts

b - borehole.
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