HNEPIAHYH

O1 Bepuikég 1010TNTEG TOV £0GPOVE EIVAL GNUOVTIKEG Y10 TOV GYEOOCUO EVOC YEMOEPLIKOV
evaArdxtn. Ot mo arapaitnreg Oepuikég 1010TTEG €lval 0 GVVTEAEGTNG OEp KNG
ayoyotntag(L), n ek Ogppotnta tov £ddpovg (C),  TukvoTnTa (Pp) Ko 1) Oeppukn
dtyutdTTO 6TO £30(POG (). O1 1310TNTES AV TES VITOAOYILOVTOL LE TEWPOUATIKEG LETPNOELG. ATO
TIG TTEIPOUOTIKEG LETPNOELS OVOADOVTOL TO ATOTEAEGLLOTA [E SIAPOPES Lo UaTIKEG oxéoelc. Ot
OYEGEIS VTEG TEPLYPAPOLY TNV HeTAPOpd Beprotntog o Oepikn| 1ooppomio petald Tov
€041POVG KoL TOV YEMOEPUIKOD EVOAAAKTY.

210 EPYOOTNPLO ZVKOTETPITN TOV TUNHOTOG Mnyavoddywv unyovikav £xet tonofetn et Eva
Bapéit pe dtaotdoelg 65 cm diduetpog ko 120 cm vyoc. Xto Papéit eykotaoctddnKoy og
TapdAANAN O1dtaln Tpelg Kabetot yewbeppkol evoridktes tomov U, kotackevacuévol amod
xoAk6 kot aupo. Kotd pnkog tov yembepikdv evailoktodv £xovv tomofetn el e1dkd
Bepuootoryeio oe dtapopeg anootdoelg (23 cm, 34 cm, 57 cm). To kevd oto Papéit kKaAdednke
HE TNV oTp®ST| PAoNS Kol TPEIS OTPAOGCELS: (0) KoKKvOympa ( 23 cm) (B) petypa amod
KOKKIVOYMLLO, PrevTovitn kat dppo (23 cm) kot (y) pelypo omd UmevTovitn Kot Gupo

(24 cm). T kGBe oTpdoN peTpONKe N Oeppukt| Ay®YIUOTNTO KO 1) TUKVOTNTO TOV DVAKOV.

To nelpapa Paciotnike o1V avakvkAoopio vepol Le oTafeptn) por) 6ToVG EVOALAKTES, LECW
TPLOV avTAIOV. [0 va Aettovpyncovv ot avtAieg ypetdotnkay va totobetnBodv 4 aviioTdoelS o€
TopdAANAN Sudtaén tov 18 Ohm yw kabe pio Eexopiotd.

To vepd mov avaKLKAOPOPOVGE GTOV KEVIPIKO €VOAAAKTY Beppovotay cuvex®ds He NAEKTPIKO
Bepuavtikd otoyeio (coil) wyvoc 18.95 W, 12 W, 945 W, tomofetnuévo o€ €1d1Ka
SLLOPPOUEVO Kol HOVOREVO doyelo. XT10o Oeppavtikd otolyeio mapeyOdTOV GLVEXELS TAon omd
petacynuoTioty evopévo oto diktvo g Apyng HAektpiopov Kompov. To vepd mov
OVOKVKAOQOPOVUGE  GTOLG OVO  (GAAOVG EVOAAGKTEG, TEPLPEPELOKA TOMOOETNUEVOLG, NTOV
TOmOBETNUEVO GE E0IKE SIOUOPPOUEVA KOl LOVOUEVO doyela ympic va d€xeTon BEpuavon 1 yoén
and otoyeio. ' va vroAoyiotel M Bepuoxpacio Tov vepov TomobetnOnKav ota tpio doyeia
Oepukég avtiotdoels (Beppictops) mov vobnkay pe E101KOVG Kataypapeis Oeppokpociol.
Xpnowomowdvrag Tig pebddovg line source kot tov puOuov nrdong g Bepprokpaciog HETE amd

0épuavon Tov LAIKOL PpéBnkav ot OepuikéG oy®YLOTNTEC KOl Ol ELOIKEC OYKOUETPIKEG



BepupoympntikdtnTeg o8 Tpiot mEpdpata. Xtnv pébodo line source ot meEPAUOTIKEC OEPUIKES
ayoyotnteg frav A1=1.84 W/m.K, 22=0.719 W/m.K , 213=0.750 W/m.K. v pébodo tov
puOuov mrdong g OBepupokpaciog petd amd Bépupavon tov vAkov frav A1=2.306 W/m.K,
A2=0.294 WIm K, 213=0.361 W/m.K. Ot e101k€g 0YKOUETPIKES OEPUOYOPNTIKOTNTEG GE OTOGTACN
0.08 m fjrav C1=12001666.67 J/m°K, C2=14972343.75 J/m*K, C3=826478.8732 J/m*K evd oe
améotaon 0.2 m frav C1=3661525.424 J/m°K, C2=2921432.927 J/m®K, C3=199591.8367
JIM3K. H Beopntcy T g Oeppukic ayoyotnroc frav A=0.316 W/mK evéd g eidikic
oyKOpETPIKAC BeppoyopnTikdTTag frav C=145700000 J/mK.



ABSTRACT

Thermal properties of soil are important for the design of a geothermal heat exchanger. The most
essential properties are the thermal conductivity (1), the specific heat of soil (c), density (p) and
thermal diffusivity of the ground (a). These properties are calculated with experimental
measurements. The results of the experimental measurements are analysed using various
mathematical relationships. These relationships describe the heat transfer in thermal equilibrium
between the ground and the fluid in the heat exchanger.

A barrel measuring 65 cm in diameter and 120 cm in height has been placed at the workshops of
the Mechanical Engineering Department. Three parallel vertical U heat exchangers, made of
copper and sand were installed in the barrel. Thermocouples were fitted along the length of the
vertical heat exchangers at various distances (23 cm, 34 cm, 57 cm). The empty place in the
barrel was covered with the base layer and three more layers: (a) red coloured soil (23 cm) (b)
mixture of red coloured soil, bentonite and sand (23 cm) and (c) mixture of bentonite and sand
(24 cm). The thermal conductivity and density were measured for each layer.

The experiment was based on the recirculation of water with a constant velocity flow through
three pumps. Four resistors arranged in parallel (of 18 Ohm each) were used for each pump in
order to operate at the required speed.

The water which was re-circulated in the main heat exchanger was heated continuously with an
electric heating element (coil) of 18.95 W, 12 W, 9.45 W power, mounted in a specially designed
and insulated container. Constant voltage was supplied to the heating element by a transformer
connected to the EAC network. The water which was re-circulated in the other two heat
exchangers which were peripherally mounted, was placed in specially designed and insulated
containers. Three thermistors which were connected to temperature recording devices were used
to record the temperature of the water in the containers.

Thermal conductivity and volumetric specific heat capacity were calculated by using the
methods of line source and the rate of temperature fall after the delivery of a heat pulse in three
experiments. The experimental thermal conductivities measurements using the line source
method were A1 = 1.84 W/m.K, A2 = 0.719 W/m.K, A3 = 0.750 W/m.K. The same measurements
using the second method were A1 = 2.306 W/m.K, A2 = 0.294 W/m.K, A3 = 0.361 W/m.K. The



specific volumetric heat capacity at a distance of 0.08 m was C1=12001666.67 J/m°K,
C2=14972343.75 Jm’K, C3=826478.8732 J/m°K while at a distance 0.2 m was
C1=3661525.424 J/ m*K, C2=2921432.927 J/m®K , C3=199591.8367 J/m°K respectively. The
theoretical value of thermal conductivity was A = 0.316 W/m.K and the specific volumetric heat
capacity was C=145700000 J/m*K.



