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APlepdVve TN HETAMTUXLAKI] HOU £pyacia otn BViin Tou ayamn-
pévou pou Kabnyntn rat @idou Epppavound MaOoudaxkn

O KaOnyntig MaOioudakng, o 61k6g pou MavoAng ftav o av-
9pwnog, 0 ONoi0g NMICTEWPE OTLG SUVATOTNTEG HOU KAl PE OTHPLEE PE
OIO1081ITOTE TPOMO TOOO0 OF £MINESO MPOCWIIKO 600 KAl OTn NOp-
(PKO1] HOU KAl TN YEVIKOTEPN £§EALT pou wg avlpomno. ‘Hrtav, eivat
rat 9a eival péoa otnv KApdid pou yla mAavia PE TA UMOOTNPLKTL-
K4 tou Adyuwa «AEN YIIAPXEI KATI IIOY NA MH AYNETAI», «OAA
MIIOPOYME NA TA $TIAEOYME», «IIANTA NA XAMOTEAAZ, NA EI-
ZAI H XAPA THX ZQHY, «NA AT'AIIAY TOYX I'ONEIX *0Y, NA MHN
TOYX ZTENAXQPEIZ», «NA IIIZTEYEIYX ETIX AYNAMEIX X0Y», «<NA
ITPOX$PEPEIX OIIOY MIIOPEIX», «<NA KANEIX XTH ZQH XOY AYTO
IIOY ATAIIAZ». EKeivo mMOU PE Avarougilel £ivat to yeyovog ott
000 {ouos £iXa tn Suvatotnta va Tou EKPPACK TNV ANEPAVIN EU-
YVOROOUVH nov £€viwBa yla ekeivov. XapaKkInplotikd, ToU £ixa net:
«ATTAAMA NA ZOY XTIZQ XTHN ITYAH TOY IIOAYTEXNEIOY, NOIQ-
0Q OTI AEN $TANEI I'lA OAA OZA MOY EXEIX ITPOX$EPEI XTH
ZQH MOY !».

Av eixe 8uvapn n Ppuyn va Bydietl tnv Kpauvyr Ing,
@a oyifave MavoAn pou 1 ta Bouva tng Kpning!

Agv £X® Adyla va ERPPACT®, VA N OGO Aunapat,

KaAokapdo kat yeAaoto, £tot 9a oe Jupapatr!
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Euyxaplotieg

®a 10eda va euxaplotoe tov kKabnynt Eppavound MaBioudakn o orntoiog dev Bpiloketat
oty @1, ya v apéptotn Borjbsia mou pou mapeixe 1000 Og EMOUHOVIKO 000 Kat
YPUYX0AOYIKO eminiedo kab 0An v SidpKela eKNOVNONG NG EPyaciag.

Eniong 9a 1108eAa va euxapilotrjon tov ErmBAénovia g PETantuX1aKig SIMAOPATIKEAG
epyaotiag, Kadnynt EppavounA Mavoutooylou yia v kabodrynorn rnou pou rapeixe
OtV EMOTNUOVIKY Tteploxn] NG ['ewbeppiag oe 0An 1 61dpKela EKIOVNONG TNG EPyAoiag.

[Swaitepa 9¢Am va suxapiloton ta péAn g ESetaotikrg Ermtpornng Ap. Kovotavtivo
Kaputoa kat Ap. NikoAao Zravouddkn yla Vv €motnpoviky kabodnynon kat t) mo-
Avtan BonBela mou pou napeixav katda ) Sidpkela g epeuvnTikng Sadikaciag Kabwg
Kat Tov Kupto Anprjtpto Mevdpvo yia v for|fsia rmou pou napeiye yia v 0AOKANpoon
g epyaoiag.

TéA0g, EUXAPIOT® TA PEATN TNG OIKOYEVELNS POV, XOPIG TNV Uootpi&n TV oroiov dev

9a propouoa va 0AOKANP®WO® T0 oUYKeKPEvo Metartuyiako IIpdypappa Zrmoudov.
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IlepiAnyn

'Evag onpavukog nmapdyoviag yla Tov dptio oXedlaopo Kal v EIMITUXT £YKATAOCTAON
€VOG ouotnuatog aBaboug yewbeppiag arotelet n adlomoty pooopoino T0U oUoTrad-
106 padi pe m 6ieaywyn g doxipng Seppikng anokpiong e6adoug. AVUKEIPEVO NG
napouoag HPETAITTUXIAKAG epyaociag armoteAel 11 povieAornoinor, mapaperpoIoinon Kat
UAoroinon mPooopoIwoe®V oUcTPRATeOV aBaboug yembepiiag Xpnotponotoviag to Aoyt-
OpKO avolktou kodika OpenGeoSys. To AOy1op1KO aUTo EIMTPETIEL TV IIPOCON0I®OT TNG
Aettoupytiag ouotnpatev aBaboug yenbeppiag and toug pnxavikoug epappoioviag ouy-
Xpoveg apOpntikég pefodoug emiduong npoBANPATOV APXIKOV KAl OUVOPIAKQOV TIHOV,
OTWG AUTEG £€XOUV UAoroinOei oe ouyxpoveg pabnuatikég BiBAobrkeg. Eriong n &ieda-
YOV TV EMIOTNHPOVIK®OV UTIOAOYIOP®OV TRV aplOpnuikov pefodanv prmopet va uvAoroinOet

ota TAL0V oUYXPOova UTTOAOY10TIKA TieplBaAAovia.
H petartuyiaky) epyaocia anoteAeital ano ta mapakAte 1€00epa Repaiaia:

Z1o npwto kePpdAato, rmapouotadovial ol PacikEg €vvoleg g yemBeppiag Kabwg Kat tev
ouotnpatev aBaboug yewbeppiag. Emiong ouvormuikd meptypdgetatl n Asttoupyia tov
aviAlov deppotntag Kat 181aitepa 10V Ye®OEPUIKOV AVIAIOV.

To deutepo kepdAato avapépetat oto Aoyiopiko OpenGeoSys yia Vv IIpocopoi®on g
Aettoupylag ouotnpatev aBaboug yewbepniag. Iepiypdgetal n dradikaocia eioaywyng tou
nipoBAnpatog 61adoong Yeppotntag Katd T Aettoupyia Tou yrivou evadAdktn Seppotntag
KaB®g KAl TOU CUVOAIKOU 81KTUoU ouotrjpatog aBaboug yewbepuiag.

Z1o tpito Kepdaldalo mapouoiaetal n poviedonoinon Kkat i Stadikaocia pooopoimwong g

doxurg Sepuikng anokplong evog ouotrpatog aBaboug yewbeppiag yia v npootyylon



TOV YEPUIKOV IIAPAPETIP®V TOU £8APOUG e TV XP1or tou Aoylopikou OpenGeoSys. Zin
OUVEXELWD Teplypadetal 1o ouotnpa ababoug yewbeppiag tou KAIIE, tou oroiou nipooo-
powwbnke 1 Soxiur) YepUIKNG ATOKPIONG TOV YEMEVAAAAKI®V TOU KAO®G KAl 1] OUVOAIKN
dladikaoia Yugng éppavong tou ouotpaATog.

TéAog, oto TETapto KePAAAlo yiverat avapopd otd OUNIEPAoHATA ITOU IIPOEKUYPAV ATTIO
) Xpron tou Aoylopikou OpenGeoSys yla Vv Ipooopoimon tng SoKpng Seppikng

AanoKP101G KAt g Asttoupyiag cuotnpdatev aBaboug yewbeppiag.
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Kepadaw 1

I'ewOeppia

FewBeppia 1) yewBeppikn evépyela opidetal wg n Seppdinta n oroia PogpxeTal amnod 1o
uniedadog. H evépyeia avtr] mepldapBavetal o€ QUOIKOUG ATHOUG, OF EMMIPAVEIAKA T)
unidyela deppd vepd kat oe Yepud Enpd nerpopata.

Avdloya pe 10 9eppoKkpactako g €Upog 1 yewbeppia Srakpiveral otig napakat®

Katnyopieg [2] :

e YynArg evBaAriag (Seppokpaocia 7' > 150°C), n omoia xproyponoteital KUpieg yia

NAeKTIpOMIAPAY®OYT).

e Méong evBalriag (Seppokpaocia 80°C' < T' < 150°C)), érou ouyvd yivetatl xprion mg
oe epappoyég 9éppavong 1) Ernpavong Suleiag Kat aypotkaov mpoioviov. Eriong
etvat duvatr) n mapaywyr) NAEKIPIKAG EVEPYELAG HIE TI) XP101 KAE10TOU KUKAQUATOG

He @pov, 1o oroio Stabetel xapndo onpeio (Eoewg.

e XapnArg evBalrniag (Seppokpaocia 30°C' < T < 80°C), émou xprnowponoteitatl yia
epappoyég déppavong (xopwv,Beppornrinyv), ixyBuokaddiepyelov Kal yia ) rapa-

Y®V1] YAUKOU vepoU.



1.1 Katnyopieg YEXOEPHIKAOV CUCTNPATOV

Ta ovotpata ta omoia nepikAsiovv yewBeppikn evépyela propouv va dSiakpiBouv

OT1G§ TTAPAKAT® TEVIE Katnyopieg [3].

1. Y6poBeppika : Ta udpobBeppira cuotrjpata ta oroia aviikouv oe dU0 PBacikeg Ka-

nyopieg.
e Yuvaywyng : Ilepatoi oxnuatiopol pe @uotkr) KUKAoQopia peuotav.

o Aywyrg : Mn mepatol oxnpatiopol pe Peydlo opadeg Kal IepATOTTA.

2. @geppa §npa netpopata : Mn mepatol oXNUATIONOl METPOUATOV X®OPIS QUOIKY KU-

KAogopia peuot®v.

3. Teonerueopéva : 'EykAeiota udpodopa orpopata Uro Peyddn Iiieorn, mapouoia

udpoyovavopdkmv.

4. Maypatuka : @eppoxkpaociag (17 > 500°C) oe peprd x1iAopetpa BdOoug Adym pay-

PaTKV 51e100U0eRV.

5. ABabng yewbepnia : Amo Babog 1m éwg 400m (avaddywg tov optopo g eOVIKAg

vopoBeoiag kabe xwpag ), pe 1 xopig vepod kat Seppoxpaociag (1° < 40°C).

1.2 Zuotnpata aBaBoug yewOeppiag

Ot pnxol yewBeppikoi épot anotedovv pia onpaviikr) kat Sapkr) iy evépyetag. Meta
ta 15 — 20 pérpa Baboug ta avia ovopadovial yewBeppika.To eupog tng Sepporpaciag
eCaptdtat ano myv emniyela por] Yeppotntag Kat myv 1pn g YEPPIKAG aydypotntag 1ou
uredaPoug g KABe TEP1OXNS .

Ta pnxd yeobeppika cuotrpata Baocidovial Kuping otn Xpron Xapniev n peplov dep-
Hokpaolwv yia €ppavon-yusn. AUtEG o1 9epoKPACIES AMAVI®VIAL OTd AVATEPA VED-

Aoykd otpopata kat Bpiokoviat oto 1610 Yepporpaciakod erinedo pe v erjola péon



deppoxpaocia tou e§wtepikov xopou. H xprion autev tov 9eppokpaci®v oto yeabepiko
ouotnpa avadEPETal og APEOT) XPL o1, Kupleg og ninyr Seppotntag. Mmopet emiong va
XpnoworoinBei dpeoa poopEépoviag aveon oe Slepyaoieg Puing, e181KA og YPuXpOTeEPES
KAPatkeg {wveg.

Fevikotepa wg ouotnpata aBaboug yewbepniag xapakinpidovtal ta ouotrjpata, ta onoia
dev ermbiwrouv TG vYPnAotepeg Jeppokpaoieg rmou Ppiokoviat ouvhOwg oe peyaAutepo
Babog, aAdd epappoouv TeXVIKEG AUOELS Yld TV A§loIoinon @V OXEUKA Xapndov dep-
HOKPAOCI®V TI0U Tpoodépovial oe Babn ave tov 100 pépwv 1) Kat replocotep®v 10U
@Aowou g I'ng. Ta v aBabn yewbeppia n abiatdpakin Seppokpaocia e6adoug mou
artotedel ) Bdon ng €€aywyng 1 mg £yxuong deppottag, n ornoia Kupaiveratr peta-
&u 2°C < T < 20°C' avddoya pe v KAPATIKY KATAOTAon g MeEPLoXNg Kat 1o Babog
g yewtpnong. I'a v adlornoinon tov otabepd xapndov 9eppokpaociov tou e6apoug

urtapxouv U0 TPOTIot :

e AUEnon 1 peiwon ng Seppokpaociag g yewbeppikrg Seppodtntag oe erinedo ka-

VOITOUNTIKO Y1a TNV a§loroinorn Je ) Xpron yenbepuikng avidiag Seppodtntag.

e Yrnidyela anobrikeuorn Jepuikng evépyelag.

1.3 Xapaxinplotikad cuotnpatev aBaboug yewOeppiag

Ta yewbeppikd ocuothjpata aBaboug yewbeppiag armotedovuvial anod ta MapaKkat® Bacika
pépn [1]:

ZUotnpa yeiwong

Ta ovotnpa yeiwong ouvdéet trv avidia eppotntag pe 10 unedapog Kat EMIPETIEL TNV £-
Saywyn Seppodtntag amo 1o £€6agog 1) tnv £yxuorn Seppotntag oe avto. Ta cuotpata avta
dlakpivovial oe avolytou 1] KAslotou turiou. [Ma v emAoyr) 1ou KatdAAnAou cuotrpa-
T0G TPETEL va ANpOHouv unoyn 51apopot KaBoploTtiKol MapAyovIeg, ONKG 1] YeE®Aoyia KAt

udpoyemdoyia tou unedadoug (r.X n ernapkng darepatdtta eivat anapait ya ta



avo1XTOoU TUTIOU ouotnpata), tn 61abson neploxn (rm.x ta optdoviia KAE1OTOU TUTIOU OU-
OTPATA ATIAITOUV OUYKEKPTHEVT TIEPLOXN Yid TOToBEon), Vv Urapsn mbaveov nmnyov
Oeppoinrag, kat n {mon oe Yéppavon kat Pu&n tou Kinpiou. Katd v @don tou oxe-
d1aopoU evog ouothpatog, arattouvial akpBn 6edopéva yia 1ig Baoikég mapapEIpoug,
€101 ®ote va oxedlaotel 10 IO AnodoTIKO cUoTHA HE TO XapnAotepo duvatd KOoTog.

Ma v petagopd Seppodtntag and Kat mpog 1o £dadog o autd ta ouotnpata rneplAap-

Bavovtat ta akodouba :

Op1¢ovtiotl evadddakteg Seppotnrag edagpoug o fabog 1.2 — 2.0m opi¢oviia tomobe-

TnpEvoL.

FewevadAdkteg o fabog 10 — 250m katakopupa torobetnuévort.

Evepyelakr) ouotdda oe fabog 5 — 45m Katakopudng rmoAAarArg torobetnong.

e [Inyadia undyetlou vepou.

Nepo aro opuxeia kat onpayyes.

Ta ocuotpata g aBaboug yewbeppiag (oxnua 1.1), [24] ,[6], rou xpnotporotovy evai-
Adxkn Seppotntag oo £6apog ovopdalovial kKAelotou Bpoxou. Eve,ekeiva mou mapayouv
vepo arod 1o £€6adog Kal XPnothornolovv evaddaktn deppomrtag (. e§atpiotg ) oty
erm@gdvela ovopdadoviatl avolktou Bpoyou.
Zuotfjpata AvolXtou Bpoxou

KuUp1o teXviKO XapaKInPloTiKO IOV AvOolXIOV OUCTIHAI®OV £ivdl Td @PEATIA UTTOYEI®V
ubdtwv, yla Vv e§aymyn 1 tv £€yXUoTr) VEPOU arto KAt IPOg TA OTPWHATA [TOU PEPOUV VEPD
oto uriedapog (UdpoPopeig). LTig MEPIOCOTEPES MEPUTIDOELG, ATTATTOUVTAL U0 YEDTPTOELS
pia ya myv e§ayoyn tov Uroyelov uddtov Katl pia yia v enaveioayoyr] toug.

Me ta avoixtd ocuotpata, pia woxupr nnyn depuodtnrag, propet va agloronOei pe

OUYKPITIKA XapnAd kootog. ASilel va onpewdel 0t ta @pedtia 1oV UMOYEIRV UdAtev



Exfpa 1.1: Suotjpata avor oy Bpoxou [24].

arnatouv oUVINP1 oL Kal Td avolytd ouotnpata rieplopifoviat oe tornobeoieg pe KataAAn-

Aoug udpogopeig. Ot KUpPleg aArAToelg eivat:

o Emapkrg diarepatotnta @ote va emIuyXAavetal | napayeyn tmg erméupntng mno-

00TNTAG UTIOYEI®V USAT®V PE PIKPL aroppopnor).

e Kaln xnuikoi ovotaon tev Uroyelov uddatev (It.X XapnAr rmeplektkotnta os oidnpo

(Fe) , yia v anoguyr] poBAnpudtev onweg arnoppadetg kat 61a8pioetg).

Ta ouotrpata avolyxtou Bpoxou cuotnpata dliakpivoviatl otig €§1g KATNyopieg:

1. Emugaveiakda vepd (ri.x Atpveg,0dAacoeg,rmotapia) ta oroia €X0uv ta IMAPAKAT®

XAPAKINPEIOTIKA :

e Eival eUkoAa oty eykatdotaorn.

"Exouv xapnAo kootog.

Amnattouv Atyoteprn eKOKAPT).

e Eival emppeneig oe punavon kat S1dBpwon.

Aev eivatl mavia otaBepr) n Seppokpacia ToU vepou.



2. TInyddua ta oroia €xouv ta €§1ng XapaKInplotka :

e Yynlo kootog.
e AmMaltouv neploooTePn) EKOKAPT) 1] YEDTPNON.

e H Seppoxkpacia tou vepou Siatnpeitatl otabepn.

Zuotipata KAewotou Bpoxou

Zta kAewotd ovotpata [24], (oxfpa 1.2) ot evadddkteg Seppotntag torobetovviat
unoyeiwg (eite oe kaBetn, opidovria 1) mMAayta Sievbuvor), Kat éva peco petadopdg dep-
pontag (rm.x vepo) mou KukAopopel péoa otoug evadddkieg deppotntag petapepet Sep-

pounta ano 1o £€6adog 1pog v avidia Seppdintag 1 avuotpoPng [8] .

Ixnpa 1.2: Suctipata kAsiotou Bpdyxou [24].



Ta xAeiotou Bpoxou cuotrjpata Siakpivovial OTig MAPAKATO KATNYOPIES:

1. Op1iovtia cuotrpata KAEL0TOU BPOXOU

Ta kAe10TOU TUIOU 0p1{OVIIA CUCTHHATA £1VAl EUKOAOTEPA OV £YKATACTAOT KaO®g
KAl eAeVBepa @G MMPOG TNV AN VEOHUETPIA TOUG (AKOPA KAl TEPITAOKES YE®-
petpieg), avantuooovtal oe Pabog touddyiotov 1.9m KAT® amod v ermdAaveld g
I'ng kat n ouvdeorn toug yivetatl, site mapdAAnlda, €ite o 0g1pdA 1] KAl O€ OTIEIPOEL-
6ng 6wataln (slinky r) Svec). H peyaldutepn anodoon tewv 0pidoviiov oUoTHHATOV
EMTUYXAVETAL O€ AETTTOKOKKA £8APT Pe UPNAT TEPLEKTIKOTITA O VEPO, OTIWG TA apP-
VIAKA Katl Sa mpénetl va anodeuyeTal 1] yKATAoTaon toug oe e6Apn XovOpOKOKKaA

(r.x xaAixwa) .

2. Katakdépuda KAe10T0U Bpoxou cuotpata

AUTOU TOU TUTIOU Td CUCTHATA £PAPPOLovTal O€ FIOVOKATOIKIEG, ATToTeEAoUVTAl ATIO
pia 1 EP1o0OTEPES YEWTPNOELS OTIS OTIOIEG £1val EYKATEOTHEVOL O1 YEMEVAAAAKTEG.
Ot yewtprjoelg ouvnBwg extivovial o abog €wg ta 200m kat priopouv va datnpn-
douv oxebov oe kABe turou edapoug. O yewevadddaking ouvdeetal pe v avidia
deppontag, Orou pe v KUKAoPopia Tou PUKTIKOU (11X vepo) n Seppotnta e§aye-
Tat anod 1o rePBAAAovV NG YEMTPNONG Kal petapépetat oty avidia deppotnrag anod
TNV OTI0ila KATAVEHPETAL OT0 KIrplo Jdeppotnta pe uypndotepn Tipr deppokpaociag.

Ot Baoikég KAtnyopieg yewevalAaKtov ivat :

e Tunog U (oxfpa 1.3,1.4), [4] : amotedeitat ano éva {evyog 100V OC®ANVOV, ot
oroiot ouvdéoviat pe 180° otpogr] oto KAt PEPoG. Le pia yedtpnon pro-
pouv va eykataotabouv €vag 1) kat 6uo owArveg turou U . To mAeovéktnpa
10U owAnva tunou U gival 10 XapnAo KOOTog ToU UAIKOU Ao IO OrMoio Kata-
okeuddetal, pe anotédeopa ot Hirrdot owArveg turou U va arnoteAouv Toug 1o

ouyVvda eykateotnpévoug yewevaidakteg otnv Euponn.



BHE
40mm single-U
IS AL

Zxnpa 1.3: lewevadddaxng wonou 1U [4].

e Opoagovirog (oxnpa 1.5), [4]: Zuvaviovial eite g ouvduacpog SU0 CRWANVOV

dagopetikng drapérpou eite pe niepinmiokeg S1apopPOOoELS.

e EAwkoedng (oxnpa 1.6), [4]: omelpoeidoug oxrpatog cwArjveg peyaing dia-
HETpou.

o Evepyelarég ouotadeg : Tpeig 1) kat reptoodtepot owAnveg turou U n §vo

Kal ITEPL00OTEPES TUITOU eA1KOe1O0UG .

I'a tov oxedlaopo v yewevaAdaktov £xel avartuxOel peydalog aptdpog pebodav
oxedlaong [7], eite apOunTIKEG, €ite AVAAUTIKEG yia TV MMAOYT] TOU PeyEBoug Toug
Kat v BeAtiotonoinorn g 9¢ong toug. Ta und doxar) povieda Seppikng anokpt-
ong, n enedepyacia 1@V YEPPIKAOV QOPTIOV TOV KINpiov, 1 £§£1a0n 1OV SepPiKOV
apePBoAOV Kal AAAEG ETIAOYEG OTIOU £€X0UV H1aPOPETIKY TIOAUTIAOKOTNTA Kal H1a-
@épouv petadu toug. Ilapakdte napouotddoviatl ot Bacikotepeg peBodot KABeToU

0Xed1a010U YEDEVAAAAKIOV :



Zxnpa 1.5: Teesvadddxing opoafovikou tinou [4].



Zxnpa 1.6: Teowevalddking tunou eAdikoe1doug [4].

(@) Mé£Bobog IGSHPA : H 1né6o6og IGSHPA artoteAeti trv o ouxvda Xpnotorolo-
Upevn pEBodo H1aotactoAdynong 1wV yewevadldakiov. Yrodoyilel 10 NriKog
TV YEMEVAAAAKIOV TOU anatteitatl ya v 9€ppavon Kat v Ppudn @optiov

epappodoviag TG e§10W0ELg

Qh(Rp+Ran) COPh—l
L, = . 1.1
h T, — T}, cop, (1.1)

Q.- (R, +Rs-F,) COP.+1

Lc = )
Ty — T, COP,

(1.2)

‘Ornou o eiking h avagépetatl ot Aettoupyia déppavong, evod o deikng ¢

otn Aettoupyia ng Yuéng.

L : To anattoupevo punkog oxediaong os pétpa (m).

Q@ : To deppikd @optio oxedlaopoy 1 1 CUVOALKI] X®PNTIKOTNTA TG HO-
vadag yla otnv e10epXOPEVI] YEPIOKPATia TOU UypoU petpnpévo oe (Watt).

e [': To rAdopa Asttoupyiag .
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e C'OP : Zuviedeotg anodoorng.

R,: Zuvtedeotrig 9eppikng avtiotaong eddagpoug (Km/W) .

R,: ZuvteAeotr|g Seppikng avtiotaong owAnva (Km/W) .

17, T Avagépovtatl otnv kaboplopévn eAdyiotn Kat péylotn Sepporkpa-

ota £10660u 10U UypoU otnv avidiag Seppotntag Ty, 4, (CC) .

() M£Bob8og ASHRAE : To eyxepidio tng pebodou ASHRAE nepidapBavet pia
eClomon 0Xe81a0P0U yewevadAaKtov deppotnrag KatdAAnAn yla ypryopoug

uroAoytlopoug. Autr) eivat

Qa'Rsa+Qh'(Rb+PLFm'Rsm+Fsc'de).COPh_l

Lh - T T
in ou ’
Ty, — T M COP,

(1.3)

Qa'Rsa_'_Qc'(Rb+PLFm'Rsm+Fsc'de) COPh+1

Lc -
T; +T,
(hp) t(hp)
W — ZO — Zp COPh

;o (L4)

Q. : Emowa péon petagopd 9epuikou goptiou oto édagog (Watt).
e PLF,, : Zuviedeotg PePIKOU dep1koU (OopTiou yia Tov purjva oxediaopo-
U.

e C'OP : ZTuviedeotrg anodoor.

Ry s R, Rsq: Avapépovtal otnv arnoteAeopatiky Sep k) aviiotaon tou
edbagoug otnv didpkela ToU £10UG , TOU PNVA KAl TOU PEYIOTOU NIEPTIOI0U

avtiotoxa (Km/W).

F,.: Tlapayoviag anmAeiag deppotntag PpaxUKUKA@®PATOS .

R,: ZuvteAeotr|g Seppikng avriotaong owAnva (Km/W) .
e 7T,: Eivat n Seppokpaociakn anoieia Adye rmapepBoA@v arod Yetovikeg

yewtproeg (°C) .

(y) M£608og FLSCC : Me v uriépBHeon AUCE®V yld MTOAAATIAEG VEWTPTOELG, UITO-
pel va epappootel n péBodog FLSCC-based-g-function kavovtag xpron ou-

Vaptoe®v Xpovikou Brpatog kat Seppotmrtag. H pébodog FLSCC npooeyyilet
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) Seppokpacia e1066ou oty avidia Seppowrag Tiy(np) (avaroya xat tn Sep-

poxpaoia £§6860u ™G Thu4(hp)) XPNOTHOMIOIOVIAG TO 1005UY10 SeppotnTag

n

(i — qi—1) ty —th—1 ™ B — ¢HN,
Tinhp) = O o - g 2 )+ iRy + To — 1.5
(hp) L ork, 9e( te | H H) + s+ o 2mC; (1.5

q : O pubpog petagopag Seppotag ava povada pnkoug (W/m).

e ¢.: H ujun g g-function ouvdaptnong oto kaBopiopévo onpeio.

o t: Xpodvog (sec).

e [3: Amootaon petady ye®Tproewv (m) .

e 1, Axktiva yewtpnong (m) .

e [: Babog yewtpnong (m) .

e T} : Méon upn adlatdpaxing Seppokpaciag edapoug (°C) .

e Ry ®epuikn aviiotaon yewtpnong (mK/W).

o t,, = % : Xpoviko 6plo otabepng kataotaong (sec).

e «, : Tuvteheotng Seppikng Sidxuong edagpoug (m?/sec).

o kg Ogpuikn ayeypomrta edagpoug (W/mK).

o N;: O apBpog TV YERTPHOERDV .

e 1: Pubuog porg padag (kg/sec) .

o (y: E181kn) 9eppoxepnukotnta tou vypou (J/kgK) .
H 1pé6obog autr) kabopidel éva prikog yeodtpnong vnobétoviag pia tuxaia ap-
XK1 Tipn. X1 OUVEXEld I PEYL0T Kat 1 eAaxiotn deppokpaacia €10060uU tou
Uypou otnv avidia Seppdintag propet va urtoAoylotet Kat va ouykpiOei pie toug

TIEPIOPIOPOUG TOU OXED1A0P0U PEXPL va ermteuxOel n anattoupevn akpibea.
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3. KA£10t0U BpOXOU OUCTHRATA EVIOG EMPAVELAROV USATOV.

Ta cuotuata KAE10TOU TUTTOU €VIOG EMPAVEIAKOV USATOV PITOPOoUV va TOTIo0EeTH-
Souv o ePUTIOOELG OTTOU TO KINP10 Ppioketal Kovid oe (roiva, motapLAipvn K.a).

ArnoteAel pia apketd ouppépouoa A0y ®G IIPOG T0 KOOTOG KATAOKEUTG.

1.4 AvtAicg deppotnrag

AvtAia 9eppotntag sival pia ouokeur), 1 oroia d1abetel v 1Kavotnta va petadepet Sep-
ponta ano éva péoo xapning Seppokpaoiag o €va dAdo uypnldotepng . Autod udornoteitat
He v aroppodnorn Sepuotntag anod pia nnyn xapning Seppoxkpaociag (. e§mtepikog
a€pag , UTTOYELO 1] EMPAVEIAKO VePO K.a) KAl 1] petadopd autng g deppotntag o eva
Héoo pe uywnlotepn Seppokpaocia, OMES TOV AEPA 1] TO VEPO, TO OITOI0 KAl XPNOEVEL
otV Yéppavon evog XOPou.

Ta kUpla pépn g avidiag Seppotntag eivat ta napakate (oxnpa 1.7):

1. E€atpiotig : Aéxetatl Seppodtnta arnd to £dadog n oroia Sioxetevstal oto cUotnpua

H£€0® TOU UypPOoU 1O ortoio §atpidetat.
2. Zuprueotrg . Zuprédetl to agplo auiavoviag t deppokpacia tou.

3. Zupnukvetng @ Metagépel Seppotnta oto KUKA@PA YEppavong Pe CURITUKV®OOT)

TOU OUPITIEOPEVOU UYPOU.

4. BaABida ektovwong : AlaotéAAel TO CUPITUKVOPEVO UYPO O XapnAotepn Itieon.

Ta téooepa mapandave e&aptrpata ouvdéovial o KAEI0TO KUKA®UA, KAl T0 UYPO TO
ortoio péel péoa oe autod eivat ouvnbwg pia opyaviky €veorn pe Xxapndr deppokpaocia

Bpaopou (r.x tetpapBopoaibavio CH2FCF3 ).
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Exnpa 1.7: Baowkda s§aptipata avidiag Sepuomnrag.

O ouviedeotr|g antoboong piag avidiag Seppotnrag Siakpivetal avadoywg tnv Aettoup-
yia mg oe 9¢ppavon 1 Yyudn wg 81g :

e COP (Coefficient Of Performance): O ouvieAdeotnig anodoong xpnotpomnoteitat yua
va erppdcel v anodoorn evog cUCTHATOS Katd tnv diepyacia tng YEppavong Kat

o uroAoyidetal wg e&ng:

COP =Ilapayodpevn Seppomra/Evépyeia rmou katavaloverat

¢ EER (Energy Efficiency Rating): O BaBpnog evepyelakng anodoong xpnotponoteitat
yla va ekppacetl mv arodoon evog oUCTPATOG Katd tv diepyaoia tng Ypudng kat
o urtoAoyidetal wg e&ng:
EFER =Anattoupevn evépyela yia wuin/Evépyela mou epappoletar 1 FER =
COP % 3.412

Katnyopieg avtAidv 9eppotntag
O1 avtdieg Seppontag avadoywg v mnyn mnou tig I1popodotel Kat Tov TPOIto HPe oV
ortoio dloxetevouv v Jeppotnta dtakpivovial otig MAPAKAT® PBACIKEG KATNYOopieg OTTOU

TO TIPMTO PEPOG AVTIOTOLXEL OTNV TNy KAl T0 SEUTEPO OTOV TPOIIO H10XETEVOTG :
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o A¢pog-Nepou

o A¢pog-Aépog

e Nepou-Nepou

e Nepou -Aépog

Avaldoyag 1o £160g eykataotaong Tou cuotrjpatog Stakpivovial otig €§1)g KAtnyopieg :

1. AvtAia Seppotntag nnyng aspog

e aut Vv Katmyopia n Seppodtnta e§ayetal and tov atpoopalpiko aépa,o ornoiog
eloépxetal otov evadldaktn depuodinrag. H Seppokpaocia tng mnyng e§aptatatl oe
peyddo Babpo amo v Seppokpaocia iep1BaAAoviog Kat StapEpet oe OAn T Sidpkela

TOU £T0UG avaAOy®g TNV YERYPAPIKY Y01 TG EYKATAOTAOTG.
2. AvtAia 9eppotntag nnyng vepou
AutoU tou tunou ot avidieg Seppotnrag xepidovial oe U0 UTIOKATNYOPIES :
e KAeiotou tUrou : KA£1010 oUCTNHA OWANVOOE®V TANPOUEVO L€ VEPO 1] KAl
AVTIYPUKTIKO 61dAupa , to ormoio €xel fubiotel oe motdpt, Atpvn 1 9dAaocoa.

e Avoixtou turiou : To vepo e§ayetat aro éva uroyeto udpoPpopo Kat Sloxetevetal
péow tng avidiag Seppotntag (0e PEPIKEG MEPUTIVOEIS Kpivetal avaykaia 1

XP101] TIPOOTATEUTIKOU VAAAAKTI JePPOTNTAG VEPOU -VEPOU).

3. Avtdia 9esppotntag Bpoxou vepou

To ocuonpa autd XPnolporolel KAE10T0 BpoxXo vepou yla mapoXn Yéppavong 1
Puéng oe éva kpto . O Bpdxog xpnotporotel Siipopoug 1pomou yia va JeppavOet

1] va yuyOet.
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4. AvtAia 9sppotntag efatpiong aépa

Ot avtdieg 9eppdinrag e§ATNIoONG A€pa AVIUTPOOMITEVOUV AUTEG TOU £160Ug a€pog-
vepou. Tvetat avaxkmon Yeppodintag and tov agpa e§ATHIONG KATA v dapkela
g déppavong Xopou 11 {E0TOU VEPOU, TPV TNV ATIOPAKPUVOT TOU aépd OTnVv d-

THoodalpa.

5. Avtlia 9eppotnrag nnyng £dagoug 1 FewOeppirn avtiia Ssppotntag (FAO)

Ta ouotrpata avidiev deppotntag edagpoug (FAB) (oxnpa 1.8), [24] mapéxouv Sép-
pavorn Kat yudn xopou kabwg kat ) duvatdtnta niapoxrg {eotodv vepwv xpriong. H
TEXVOAOYia TOUG XPNOIOTOlEl Pla €00TEPIKY Povada avidiag deppotntag Kat va
Bpoxo yelwong aviadAayng deppotntag oto urnedadog yla v petadopd Sepuirng
EVEPYELAG PETASU TOU £8APOUG KAl TOU KInpiou, eve Katd v Aettoupyia os Yuidn

1A CUCTHATA PETAPEPOUV JEPIIKI] EVEPYELD, ATIO TO KINP10 010 £6a¢og.

Ynidpyxouv 81apopot tuIol oxedlaopou Kal eyKatdotaong tou Bpdxou yelmwong oto

unedagog ot ortoiot apatiBevial MApaAKAT® :

e Tuotnpata KAs10toU Bpoxou : Xpnowporolouv éva Bpoxo edagpoug (ou-
vO®G KATAOKEUAOPEVO ATio oA veg TtoAuatBulieviou 11 PVC), péoe tov oro-
10V KUKAOQOpPETL TO0 YUKTIKO yla va eruteuxBel n aviaddayr Seppotntag pe myv

Nyt ( €6agog 1 ta unoyewa vdata ).

e Tuoctnpata avoixtou Bpoxou : Ta cuotrpata avoiXtou BPoXou KUKAOPO-
pOoUV vePO Yla e§aywyn deppotntag kabwg Kat yla anoppuyn areubeiag and
TOTUIKEG TINYEG UTIOYEI®V USATOV.

e Tuotqpata ancuBeiag avraddayng : Ta aneubeiag aviaddayng ouotpa-

Ta XPNOIPOIIO0UYV £va PUKTIKO PECO, TO OIT0io péel Hlapeoou evog XAAKIVOU

o®Anva avti evog Turmkou Ppodxou yeimong.

Ta mAeovektpata 1oV yeaBepikodv aviAliov Seppotntag eivat :
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Zxnpa 1.8: Teabepuikn avidia Sepuomnrag [24].

e Meiwon ekteBelpévou e§OTEPIKOU £COTTAIONOU.
e IIpoopEépouv peyadutepn aveon oe I€ppavon Kat Yuin.
e Meiwon KAtavdA®ong o€ OPUKTIA KAUOA (EKITOUITEG APV TOU JePHOKI)-

rtiov).
e TIpoogpépouv v duvatotnta ya {eotd vepo Xprong.
e MeydAn dapkela {wng.
e MeyaAutepn anodoorn ano pia amiry avidia Seppontag.
e Meiwon oe KatavAaA®on @PECKOU vePOU (rmUpyog Yuing).
. To vepo atov Bpoxo edadoug oulAéyel eppotnta ano 1o £€6agog.
. To yuktké anoppodd Jeppodtnta anod tov Ppoxo yeiwong kat tv egatpidet.
. O ouprueotng OUPITIESEL TO YPUKTIKO O UYpOo deppaivoviag To.

. H Seppointa anod 1o ouprieopévo PUKTIKO PETAPEPETAL OTOV AEPA.

. To yuxktkd anooupriédetal yia va avabeppavOet.
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Kepaiaio 2

Aoylopiro OpenGeoSys

2.1 Ewayoyn otn Xprorn tou Aoylopitkou OpenGeoSys

To avoiktou kOdika Aoylopikd OpenGeoSys vAorotel aplOpuntuikég pebodoug yia t mpo-
copoiwon Seppo-ubpo-pnxavo-xnuikeg diadikaoieg oe mopwdn Kal peypwdn péoa. To
Aoylopiko OpenGeoSys epappodetal OTig ETOTHOVIKEG TIEPLOXEG NG MEPLPEPEIAKTG, TNG
HOAUOHATIKNG KAl TG Tapdktiag udpodoyiag, 10V PACIKOV KAl YEROEPPIKWV evePYELQ-
KOV OUCTNHAT®V, TG YEDTEXVIKIG UNXAVIKAG, TNS ArtofnKeuong evépyelag , g SEopeu-
ong/arobnkeuong 61o08e1diou tou avBpaka (CO2) kat tng Siaxeipiong kat 61¢Oeong u-
pnvikev anoBAnieov. H epappoyn tou Aoyiopikou OpenGeoSys yla tnv mpooopoinon

€vog ouotnpatog aBaboug yewbeppiag meptdapBavel ta MapaKAt® otadia :

e Eloaynyn Sedopévav yeoperpiag tou ipoBArpatog.

e Ei10ayoyn 1eXViK®V XapaKInploTIKOV T0U OCUCTHATOS KAl ETTIAOYT] T®V Ap10UNTIKOV

1rebodwv mpooopoinong.

e Ernefepyaoia 1oV anoteAeopdiov g Ipocotoinong T0U GUCTHIATOS.
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Zinv €kt €k6001 TOU AOYIOPIKOU £ival anapaitnin n £10aymyr) g YEOHUEIPiag Kat
g mMAnpogopiag dlakpitornoinong tou npoBAnpatog pe v eoaynyrn 6uo Bacikov ap-
xelov. To mpwto apyeio yewperpiag eivat turou .gml xkat 1o 8evtepo eival tirnou .vtu
Kat ieplAapBavet v mAnpogopia g 1aKpitonoinong tng rmePloxrg ya v pébodo tov
MENePAoPEvVaV ototxeiwv. Ta apyeia autd propel va KATtaoKEUAOTOUV HE T XPNOoT NG
eCedikeupévng epappoyrg BHE SETUP TOOL 1y yia ntapddstypa i onoia ouvodeuetat a-
o 10 Aoylopiko OpenGeoSys 1) P 1] XP10n VEVIKGV ePpappoywv oxed1aopou yewpepiag

Kkat Siakpironoinong, onwg yla napddetypa n epappoyr gmsh.

2.2 IIapapetpomnoinon yia TtV NMPOCOHOi®OLN Tng Aet-
TOUPYLag YEWEVAAAAKTOV.

2.2.1 TIIpooopoiwon 81adoong 9eppoétntag pe TV XPrion yHveV evaAAaxtdv

Ewayoyn

O1 ynfvot evaAdaxktieg Seppointag (FE®) epappodovial oe ouotrpata ta ornoia Xpn-
oworolovv avidia Seppointag eddagpoug (GSHP) yia tnv ekpetdAAeuon g Ye@OEPUIKNG
eVEPYELQG. Zrpepa UTIApXEl TANOMPA AOYIOPIK®OV ITPOCON0In0oNG e OKOITO TV BEATIO
agloroinon g arnddoong KAt T0U 0Xe81a0P0U AUTOV TV OUCTNPATeV. To Aoylopiko
OpenGeoSys nipoopépet ) duvatdinta g pooopoimong g dadoong g Seppotntag
oto urtedagog, 1 oroia PETAPEPETAL PEO® TRV YEREVAAAAKTI®OV Jepuodtntag oto unedagog,
KaOwg Kat v oUVoAIKr| arnodoor) g Aettoupyiag t1ou ouotratog cupneplAapBavopévng

Kat Ing aviiAiag Seppotntag.

20



MaOnpatiki povicdonoinon Kat eniAuon

To Aoylopikd OpenGeoSys epappodet v aplfpnukn péBodo twv acuveXmv nenepa-
opévav otoixeiov (DC FEM) yia v apiOunukr) eniAuon 10U X®@P1KOU NPoBANATog TG
61adoong Seppotntag oro unedagpog. H ocuykekpipévn apbuntikr pebodog apyikd mpo-
1aOnKe ano toug [19] kat emektadnke anod toug [20] [21], eve epappOoTNKE OTO AOY1OPIKO
OpenGeoSys ané tovShaoetal.(2016) [22] [23]. H povtedonoinon tou npoBAfpatog Ba-

oloTnNKe OT1§ MAPAKAT® TTApadoxEg:

e To unédapog Sewpeital ouvexég nedio otig Tpelg H1aotdoelg, eV 0 YEMEVAAAAKTNG

Seppotntag poviedoror)tal os pia 61dotaon @g pia cuvexn ypapypn.

e H petagopda Jeppomtag and d1adopetikousg Ye®EVAAAAKTIEG ITPOCOHOIMVETAL ATIO

1o Capacity-Resistance-Model (CARM) oe avaloyia pe ta NAEKIpIKA KUKA®PATA.

e Y10 umedadog, 1000 1 petadopd deppotnrag, 000 KAl 1 YePUIKI AYRYIPOTNTA,

neptypagoviatl ano v eiowon diatripnong YepHikng evépyelag n oroia givat :

0
H, = & [prCf + (1 - E)pscs] TV - (,OfoVfTs) V- (AS ’ VTS) (2.1)

ortou
- A, : Tavuotiig g deppikng Kat udpoduvapikrg diacropdg .
- H, : 'Opog tng rinyng Seppotnrag (sink term) .

e Xe& KABe OWANVa £VIOG NG YEWTIPNONG avagépetal pia €§i0mon yla v 1pocopio-
iwon g deppikng petadopdg otov aywyo. Ermiong yia kabe {ovn evépatog rmou

TEP1BAAEL TOV AYWYO TG YEDTPNONG TIPOCOUOIMVETAL I YEPUIKT] AY®YIIOTNTA TOU.

To Baowkod apxeio mapaperporoinong evog MPoBANATOg MPOCO0IRoNS OTO AOY10HL-
K6 OpenGeoSys eivatl tng katnyopiag .prj kat eivat trou xml. H Sour) tou apxeiou

neptAapBdvel ta mapakate nedia:
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IMapapetpot £10060vu

e name’ : 'Ovopa Swadikaoiag HeatTransportBHE yia pooopoiwon 61adoong Sep-

pontag oe ye®evaAAdkrn.
e type’ : Turog Swadwkaciag HEAT — TRANSPORT — BHE.

¢ ‘integration order : Td&Sn oloxArpwong g apOunukng pebodou twv nemnepa-

OPEVRV OTOIXEIDV.

e Process variables’ : Baoikég mapaperpot tng Sadikaoiag (. temperature soil,

temperature BHE).

To oxnpua 2.1 mapouoidaderl éva mapadeiypa 10V BAciKOV TAPAPEIPOV £10060U TOU
Baowkou apyeiou tou Aoyiopikou OpenGeoSys.
Z1n OUVEXELW €10AYOVIAL TA TEXVIKA XAPAKTINPLIOTIKA TG YEDTPNONG.
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>

<integration_order>2</integration_order>
<process_variahles>

<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHE1</process_variable>
</process_variables>

Zxnpa 2.1: apdperpot e10660u OpenGeoSys.

Tsatpnon

To Babog kat n Sidperpog g yemdtrpnong stodayoviat oe pétpa. H ewkdva 2.2 eppavidet
éva tapaderypa yeotpnong dtaperpou 0.16 pérpwv kat Baboug 20 petpav. Lt ouvexela
€10AYETAL O TUITOG TOV YEMEVAAAAKTIOV.

Op1opdg TUNOU YEWEVAAAAKTN

Z10 Aoylopiko OpenGeoSys pNropouv va £10ax00oUv 1€00eP1g TUTIOL YIIVOV EVAAAAKTIOV

Seppotntag. Autot givar:
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<borehole>
<length>20.0</length>

<diameter>0.16</diameter>
</borehole>

ZxApa 2.2: Aaotdoeig yeotpnong oto OpenGeoSys .

1. 1U: O yewevaAAdAing os autr) v nepirmoorn diabétetl éva owAnva turou U.

2. 2U: O yewevaAddAing oe auty) tnv nepirmeorn S1abétet éva {eUyog OMAN VGOV TUTIOU

U.

3. CXA: Opoagovikou turou omAnvag pe §aktuAioeldr) yewperpia Kat 10060 arod tov

e€WTEPIKO OWANVa Katl 6060 Ao 0V E0MTEPIKO.

4. CXC: OpoaovikoU TUIoU OMANVAS aviiotpopng Kateubuvor and autr) tou opod-

Sovikou (CXA).

To oxnpa 2.3,[1] epgpavidel ta téooepa €16 tov 5100£01NV 0TO AOYIOPIKO YEDEVAA-
AQKTOV. X1 OUVEXELD £10AYOVIAL TA TEXVIKA XAPAKIPIOTIKA TOV YEMEVAAAAKTIGOV.

I810tnteg WA VOV

Ye auto 1o onpeio yivetal €10aymyr] tov 1810TNTOV TOV O®ANVOV TOU YE®EVAAAAKTN

orou :

e 'a toug OpOoAfOVIKOU TUTOU YE®EVAAAAKIEG €10AYETAl TO PUAKOG NG SlapnKoug

draomopdg.

e T'a toug 1U,2U t¥rnoug yemevaAAaKtiov eKTog aro v diapnkn diaomopd eloayetat

KA1 1] arootaoct) PEtady TV OOANVQV.

1o oxnpa 2.4 napouvoiadetat éva mapadetypa yewevaddaktn turnou 2U, 6mou ot ooAnveg
€10060U Kat 6060V €ival KATAOKEUAOPEVOL A0 UWPNANG ITukvotntag roAuaibuiévio HD-

PE.
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Qutlet pipe

Grout

Grout

Inner pipe

Outer pipe

CXA CXC

IZxnpa 2.3: Awtopés tov e180V 1oV yeoevaddaktov [1].

Z1n OUVEXELD €10AYETAL TO £160G TOU POVIEAOU PONG KAl EAEyXOU deppdtntag g mpo-

oopoimong.

<pipes>
<inlet>
<diameter> 0.0378</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</inlet>
<outlet>

<diameter>@.0378</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.053</distance_between_pipes>
<longitudinal_dispersion_length>0@.001</longitudinal_dispersion_length>
</pipes>

Zxnpa 2.4: 1616tteg owdfvov OpenGeoSys .

EmAoyn poviédou porng Kat eA£yxou depporpaciag
[Tévte TUTION pOVIEA®V porg Kat eAéyxou Seppokpaoiag mapéyoviatl oto OpenGeoSys,

1a oroila apouctadovial MAPAKAT® :

1. FixedPowerConstantFlow: O yewevadAdking £xel otabepd Sepiko @optio KAt o
PUOOG PONG TOU WPUKTIKOU HPECOU OtV yewtipnon diatnpeital otabepog. e autn

Vv nepimiaon opiovial n TR g 10¥XVU0G KAt 0 publog porg T0U PEUCTOU.
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FixedPowerFlowCurve: O yewmevadAdking £xel otabepod Yepiko @optio Kat o pub-
HOG PONG TOU WUKTIKOU HMECOU OTNV YEMTPN O akoAoubei pia Xpovikd e§aptodpevn
KAUITUAN. Ze autn Vv Mepirtoon opidoviat n TiPn g 10XV0G KAt 1] XPOVIKA e§ap-

TOHEVI] KAPITUAN ToU pubpou porg.

PowerCurveConstantFlow: O yeswevaAldring €xel otabepo pubpo porng, eve 1)

10XUG akoAouBel pia xpovikd e€aptopevn dakupavon.

4. TemperatureCurveConstantFlow: O yewevalldking €xet otabepd pubuod porg,
eve 1 deppokpaocia 100600 TOU PeUOTOU AKOAOUOEL TIEG TTOU opidovial amo v

XPOVIKA £§APTOHEVI] KAWUTTUAT.

. TemperatureCurveFlowCurve: Xtov ye@evaAldkin o pubpog por)g, adld kat ot
Tpég NS depporpaciag, akOAOUBOUV TG AVIIOTOIXEG XPOVIKA £§apTOPEVES dlaKku-
pavoeg.

‘Etot

TMa epappoyég déppavong n Seppikn evépyela egayetat aro 10 Unedadog Orote n
TIUr) 10X0U0G €Xel apvnuko péyebog. To aviiotpoo 10XUEl yia epappoyEg Pudng,

Orou oto urEdadog dloxetevetal 1 YepUIKY evEpPyeLd.

e 'a 0Aeg TG ermdoyeg eAéyxou pong Kat Yeppokpaociag oto Aoyiopiko OpenGeoSys

urtodoyidetal n Seppokpacia £10060U 10U KAOe yewevaAAdktn.

e H cuvoplakr) ouvOrkn g d1apopikrg £§i000NG Mou avaépetal ot deppokpacia

€10060U 10U OWANva kKAbe yewevaddaktn eivatl tunou Dirichlet.

e Avdloya pe v eIMAOYT) ToU eAEYX0U pong Kal deppokpaaciag n 9eppokpaoia e16p0-
g urtodoyidetal Suvapika oe KAOBe XpoviKO Bripa Kat yia KaOe emavaAnyn,£101 @ote

Va 1KAVOTIO10UVTAl 01 TIEPIOPIOHOL T®V TEXVIKOV XAPAKINPE10TIKGOV TOU ITPoBAn1atog.
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Z10 oxnpua 2.5 apouotddetal £va napddetypa e10aymyng tou poviédou TemperatureCu-
rveConstantFlow:

Z1n oUVEXEL £10AYOVTAL TA XAPAKINPIOTIKA TOU EVERATOG NG YEDTPNONG.

<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>

<flow_rate>2.0e-4</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve»
</flow_and_temperature_control>

ZxApa 2.5: Opiopdg poviédou oto OpenGeoSys pe xprion TemperatureCurveConstantFlow .

‘Evepa
O1 Sepp1kég 1610TNTEG TOU UAIKOU €VEPATOG £10AYOVTIAL O AUTO TO THN A TOU ap)xeiou

He Tov akoAoubo tporo :

e [Tukvotnta

o T[Topmdeg ToU evépatog
¢ BeppoxmpPNUKOTNTA
¢ BgpuIKn AyRYROTNTA

Zto oxfjpa 2.6 mapouoiddetal 1) £10ay®yn TV 9EpPIKOV 1810TT®V £vOg Ttapadeiypatog
EVEPATOG YEWIPNONG. XTO0 EMOPEVO TUNHA TOU apXeiou eloayovial ot JeppuireEG 1610TnTeEG

TOU WPUKTIKOU PECOU TOU OUOCTHATOG.

<grout>
<density>2190.0</density>
<porosity>@.0</porosity>

<specific_heat_capacity>1735.1</specific_heat_capacity>
<thermal_conductivity>@.73</thermal_conductivity>
</grout>

Ixnpa 2.6: Opilonodg Seppikov 1810t TRV 10U evépatog oto OpenGeoSys .

26



YyRTIKO

Ot 9eppikég 1810TEG TOU WYUKTIKOU UYPOU TOU OUOCTHATOS E10AYOVIAl ©OG EENG:

e TTukvotnta

[EOdeg

E161kn 9epuoxwpnuikotnta

OepUKn ayytpotnTa

e Beppokpaocia uypou

To oxnua 2.7 epgpavidel v e0ayeyn v Jepikav 18100V £vog apadelypiatog

YUKTIKOU L1€00U.

<refrigerant>
<density>998</density>
<viscosity>0.0011375 </viscosity>

<specific_heat_capacity>4190</specific_heat_capacity>

<thermal_conductivity>@.6</thermal_conductivity>

<reference_temperature>22</reference_temperature>
</refrigerant>

IxApa 2.7: Opiopog Sepuikov 1810tV YUKTIKOU 010 OpenGeoSys .

2.2.2 TIpooopoicwon 51adoong SsppdIntag pe v Xprion ouctoryiag ynivev svadla-
KTQOV
Ze pia ouotoyia yNnvev evaAldaktov Seppotntag 0Aot o1 yemevalAdKieg ouvdéovtatl pe-
TadV toUg P€om evog SiktUou aywywv. Ot 9eppokpacieg TOU PUKTIKOU Péod o KAOe
vewevaddaktn edéyyoviat and 1o Siktwo. Emedny undpyxet e§100ppornon, v 1oco-
otV deppikng e§aywyng Petady v yewevaldaktov spdavidoviat gawvopeva aldayng
SepkoU @opTiou YemeVAAAAKI®OV yld peydla Xpovikd Siaotrpatda. X1o Aoylopiko O-
penGeoSys autn ) diadikaoia propel va mpooopolwdel kavoviag Xpron g Asttoupyiag

PipeNetwork ot 6iadikaocia HeatTransportBHE.
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<flow_and_temperature_control>
<type>TemperatureCurveConstantFlowe/type>

<flow_rate>d</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
¢/flow_and_temperature_control>

Ixnpa 2.8: Aswoupyia PipeNetwork ot 8iadikacia HeatTransportBHE .

Z10 oxnpa 2.8 mapouotadetal éva napddeiypa eloaynyng tou poviédou Temperatu-
reCurveConstantFlow yia cuotoiyia yewevalAlakiov:

Anploupyia povtéAou S1KTUOU aywy®v pe to Aoyiopiko TESPy

To Aoyiopko TESPy (Thermal Engineering Systems in Python ) aroteAeitat andé pia
[1BA1001kn Sradikaoidv ypappéveg oe Kodika Python yia tnv mpocopoiwon Seppikaov
dradikaoiov.

'Eva ouotnpa aBaboug yewbeppiag anotedeital amo éva §iktuo ayeayov cuvdedepévo
He yewevaddakteg Seppotntag, pia avidia deppotnrag edagpoug (consumer), éva Siaxwpt-
oty (spliter) yia tv katavoprn g pong ToU uypou tng tpopodooiag kat Evav dStakAad®tn)
(merge) yla v ermotpodn g Porg.

To oxfjpa 2.9 napouoidadel oxnpatika éva KAeloto ouotnpa aBaboug yewOeppiiag,
10 ortoio arotedeital and pia ouctoryia ye®evadAaKtwv. Xtrn oUvEXela Teplypdetal
1 TIApapeIponoinon tou apxeiou dedopévav tou Aoylopikou TESPy péowm tou ormoiou
dnpoupyouvial ta cuprAnpepatka apxeia dsdopévav ta omoia avagépovial os pia
ouotolyia YemevaAAakiov Tou rpoBAnpartog .

Anploupyia §1ktiou aywyov

Apxkd elodyetat ) tortoAoyia tou diktuou. Arotedel 10 KUPLo PEPOG TOU NOVIEAOU Ka-
9mg e1oayoviat o1 facikoi TAPAPEIPOi TOU OTM®G TO KUKAOPOPIAKO UYPO TOU OUCTHHATOS
KaO®G KAt 1a EMPEPOUS XAPAKTINPIOTIKA TOU ouotnpatog. Xto oxnpa 2.10 epgavidetat
éva mapddetypa Kataokeung H1ktuou pe XP1on vepou oG WUKTIKO péco. Ot petaBAnteg

10U S1KTUOU £10AayovVidl G £§N1G:

28



heat pump

—O
pump =/
—- e
splitter merge
BHE
— | BHE 4 | —

ZxApa 2.9: Movtédo diktuou ayeyov oto TESPy

from tespy.networks import network

from tespy.connections import connection, ref

from tespy.components import source, sink, pump, splitter, merge, heat_exchanger_simple, cycle_closer
from tespy.tools import char_line, dc_cc

import numpy as np

btes = network(fluids=['water'], T_unit='K', p_unit='bar', h_unit='kJ / kg')

IxApa 2.10: Opioudg petaBAntev Tou S1KTUOU.

Zroixeia Siktuou

Ze auto 1o tprpa tou apyeiou sodayovial ta dadopa otoxeia tou H1KTUOU,0n®G
N Unapén avolktou 1] KAE10TOU KUKA®PATOG, KUKAogopttr), Starkdadwtr), avidiag Sep-
pontag kat o ninbog tev yewevaddaxktov. To oxnpa 2.11 epgpavidel éva nmapaderypa
KA£10TOU CUOCTNHATOG TIEVIE YEMEVAAAAKTIGOV. LT OUVEXEL £10AYOVIAL O1 TIAPAPETPO1 KABE

EMPEPOUG TUNHATOS TOU OUOCTHATOG.

cycle_closer('cycle closer')
pump (' pump ')
splitter('splitter', num_out=5)

heat_exchanger_simple('BHE1')
heat_exchanger_simple('BHE2')
heat_exchanger_simple('BHE3')
heat_exchanger_simple('BHE4')
heat_exchanger_simple('BHE5')

merge('merge’', num_in=5)
= heat_exchanger_simple('consumer"')

IZxnpa 2.11: Opiopdg oroieiov diktuou.
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IIapapeTponoinon otoeiov

Z1n ouvéyxela €104ayovial 01 MAPAPETPOl KAOE eTPEPOUS TUNIATOG TOU OUCTILATOG.

Z10 01dd10 autd el0ayovial Ta OTolXela IMoU amattouvidl yia v meptypadr) tov Xa-
PAKTINPEIOTIKOV KAOe THNPATOG TOU COUCTHHATOS OTIRG TO HIKOG TRV VEMEVAAAAKI®OV, N
dlaperpog T0Ug, 0 oUVIEAEOTHG TPAXUTNTAG, 1] 10XUG TOU OUCTHATOG KAl 1] XAPAKINP1oTL-
KIl KAQUITUAL NG QUYOKEVIPIKIG avidiag (kukAogpopntig). To oxnpa 2.12 mapouoiadet
éva tapddeypa e1oaymyrg 6e6011€VeV TApapPeETPOnoinong 1oV BAcIKOV OTO1XEimV TOU OU-
Ot Patog. LTO EMOPEVO TUNHA TOU apXelou e10dyetal o TpoItog 61a0UvOEon§ TOV AY®YWV

TOU OUCTHATOG.

X =
np.array(
[2.77778E-06,5.83333E-05,0.000113889,0.000169444,0.000222222,0.000283333,0.000336111,0.000383333,0.000422222,0.000447222, 0000505556,
0.000558333,0.000611111,0.000669444,0.000725,0.000780556,0.000836111,0.000891667,0.00095,0.001002778,0.001061111,0.001119445,0.001169445,
0.001227778,0.001280556, 0. 001308333, 1)

y=
np.array(
[3.6081,3.5672,3.5058,3.4854,3.4445,3.4036,3.3628,3.3014,3.281,3.2401,3.1788,3.1379,3.0561,2.8926,2.7699,2.6064,2.4633,2.3202,2.1975,
2.034,1.8909,1.6498,1.5336,1.3523,1.1861,1.0803,1) * 1e5

char = char_line(x=x, y=y)
pu.set_attr(flow_char=dc_cc(func=char, is_set=True))
pu.set_attr(eta_s=6.9)

bhel.set_attr(D=0.025, L=55, ks=0.00001)
bhe2.set_attr L=100, ks=0.00001)
bhe3.set_attr(D=6.032, L=242, =0.00001)
bhe4.set_attr(D=0.032, L=242, ks=0.00001)

bhe5.set_attr(D=0.040, L=238, ks=0.00001)

cons.set_attr(pr=0.32

cons.set_attr(Q=-19215)

Ixnpa 2.12: I[Mapaperpornoinon otoieicov.

Awaouvdéoelg aywyov.

IMa ka6 ayeyo neptypadetat ) eicodog kat ) €§060g tou. 'Etot ] ouvoAikr) Siacuvde-
on anoteAeital anod pia akoAloubia d1acuvdeoemv OARV TOV Ay®Y®V Tou cuotnpatog. o
OUYKEKPIIEVA 1] POT) TOU PEUCTOU TOU EEKIVAEL ATIO TNV avidia, oty ouvéxela dayxwpidetat
ano tov drakAadwtn oe mévie KAAS0oUG évav yia Kabe yewevadAdktn. AKoAoubwg 1 eKpor)
TOU UYPOU AITO TOUG YEMEVAAAAKTIEG OUYX®VEUETAL Kal odnyeitat otnv avidia Seppointag.

H ewkova 2.13 mapouoidetl v napaperponoinon v 61aouvééoenv v ayoyov. BOa
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TIPETEL VA ONMPEIROEl OT1 1 1810TNTEG TOU PEVUCTOU €VIOG TG OUVOEONS TIAPAPEVOUV Ota-
Oepég. Autd onpaivel ot 6tav dUo otoixeia ouvdéovial petagu toug, ot 1810TNTEG ToU
PEUOTOU, OMKG Yla rapadetypa o pubpog porg padag, n rieon Kat n Seppoxkpacia otnv

£€060 10U MPWToU otoixeiou da eivat ioeg pe autég otnv £icobo tou Seutépou otorxeiou.

fc_pu = connection(fc, 'outl', pu, 'inl')
pu_sp = connection(pu, 'outl', sp, ‘'inl')

sp_bhel = connection(sp, 'outl', bhel, 'inl')
sp_bhe2 = connection(sp, 'out2', bhe2, 'inl')
sp_bhe3 = connection(sp, 'out3', bhe3, 'inl')
sp_bhe4 = connection(sp, 'out4', bhe4, 'inl')
sp_bhe5 = connection(sp, 'out5', bhe5, 'inl')

bhel_mg = connection(bhel, 'outl', mg, 'inl')
bhe2_mg = connection(bhe2, 'outl', mg, 'in2')
bhe3_mg = connection(bhe3, 'outl', mg, 'in3')
bhe4_mg = connection(bhe4, 'outl', mg, 'in4')
bhe5_mg = connection(bhe5, 'outl', mg, 'in5')

mg_cons = connection(mg, 'outl', cons, 'inl')
cons_fc = connection(cons, 'outl', fc, 'inl')

btes.add_conns(fc_pu, pu_sp, sp_bhel, sp_bhe2, sp_bhe3, sp_bhe4,sp_bhe5, bhel_mg, bhe2_mg,
bhe3_mg, bhe4_mg,bhe5_mg , mg_cons, cons_fc)

Zxnpa 2.13: Aacuvdiosig ay@yov.

IMa v vAornoinon T®V UMoAOY1oP®V Aattouvidl OUVOPLaKEG OUVONKES OTIRG :

e H miieon e1oporg va etvat otabepn.

e Mia npoowpivy) tipr) Seppokpaociag ekpong oe KAOe yewevaAlaktn.

¢ H xatavdAworn Seppodintag otnv avidia Seppotntag va mmpogpxETatl aro ToUg EVIE

VE®EVAAAAKTEG.

e O rAe10T0G KUKAOG Staogpadiel ot ) mieon Kat n evOaAria otnyv £€§060 tng avidiag

Yeppotntag eival ioeg pe autég otnv €i00do tG.

To oxfjpa 2.14 epgavidet ta XapaKtnpioTtikAa T0U peUOTOU Kat TG IepoKpaATieg EKPO-
1S yia KAOe yewevaAddaktn yla rapddetypa Xprjong vepou rieon piag atpoopalpag pe

Oeppokpaocia £§660u oV névie yewevadlaktov oe Babpoug Kelvin.
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fc_pu.set_attr(p=1, fluid={'water': 1})

bhel_mg.set_attr(T=289.5)
bhe2_mg.set_attr(T=292)
bhe3_mg.set_attr(T=293)
bhe4_mg.set_attr(T=293)
bhe5_mg.set_attr(T=293)

IZxnpa 2.14: XapaKinpiotkd peuctou Kal EpoKpacia EKPong .
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Kepaiaio 3

IIpocopoiwon Soxipng deppikng
ANOKP101G YHLVOV EVAAAARTOV
9eppotntag (TRT)

I"a tov oxedraopod evog cuotrpatog aBaboug yewbeppiag pe xpnon yewevallakiov dep-
potntag, Kpivetal avaykaia n yvoorn tov deppikav 1810ttov tou edagpoug. Ot onpa-
VUIKOTEPEG TIAPAPETPOL efval 1 YepPIKY AY@YIHOTNTA KAt 1] PEOT T TG adlatdpaking
Seppokpaociag tou e6apoug. AUTEG 01 TTAPAPETPOL eival €101KEG yia KAaBe tomobeoia Kat
e€aptavial ano 81aPpopoug napdyovies,oneg n yemdoyia, n enibpaon tov UMoyelwv u-
datwv rat n Yeppokpacia TV emMEAPAvelak®OV 5ap@V(UYPOUETPO TTAVR ATIO TNV EMPAVELA
g Yddaocoag). Emiong o ouviedeotrig 9eppikng avtiotaong tng YE®IPNONG, O Oroiog
EPIYPAPEL TNV YepHIKN avtiotaor PETady ToU TOIX®OHPATOG TG YEDTPNONG KAl TOU UYpoU

artotedel anapaittn MAapdpeTrpo otov oXed1aopo TV yewevaldaktov deppotntag.

3.1 IIpoocopoiwon SoripnGg depuIKG ANOKRPLONG KAl U-
ITOAOY1O0N0G 9EPPRIRAOV MAPARETPRV TOU £8adpoug

H arnteubeiag Soxipun Seppikng anoxkpiong (TRT) avuurpoowrievet pia pébodo agloddynong

TV deppkaVv 1810t TV ToU untedadoug [5], o1 onoieg eivat antapaitnteg yia tov oxediaopo
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ocuotnuatev aBaboug yewbeppiag pe xpnon yewevaldakiov deppointag. Evaldaxktika
Ol PETPLOEIS NG IEPUIKLG AYPOYIHOTTAS PITOPOUV va Ipaypatornofouv oe €va epya-
otplo oe €181kA Srapoppepéva Sokipa 1 Kat arcubeiag pe avixveutég Bedovag, otav
1 OKAnpPOotnta tou deiypatog 1o emipenel. 'OPwg OT0 €PYAOTINPLO 1 TIUN TIOU HETPATAL
dladépet amo v mpaypatiky, kKabwng ot ouvornkeg, ON®G 0 KOPEOPOG Kat 1 Yepporpaocia
ITOU £ITIKPATOUV OTO £PYAOTIP10,0€V AVIIOTOIXO0UV OTI§ TIPAYHATIKEG, KAl TEAOG 1] PETPN O
eV avTIIIPOOMEITEVEL TO CUVOAO TRV OTPOPAT®V TOU UredAgpoug.

EfonAilopog Soripng 9eppikig anokpiong

Yriapxouv 600 tporot Asttoupyiag [14] tou e§orAiopou otnv okt depuikng anokpt-
ONg yld TtV €KXUOH 1] TV eKYXUA0N deppottag amnod 1) rmpog tov e§eTalOPeEVo YEMEVAA-
Adaktn. Auto npaypatornoleital pe v KUkKAopopia evog uypou, PEo® NG YEDTPNONG TO
ortoio givat Jeppotepo katd v diepyaocia g EKXUoNG Kat Puxpotepo Katd v diepya-
ola g ekxUAlong aro 1o £dagog 1o oroio 1o repBaiet. H ewkova (3.1), [25] epgpavidet
pia KAaocowkr) 6idtagn eorAtopou (TRT).

Inlet & outlet

Thermal response test ri
temperatures [°C] P 9

=8
| OO
Heat rate l Iﬁmﬁ[m:’ls]
q [W/m]

Powaer [kW]

o Measuring points

—
—
Ground Heat Exchanger

e ’

ZxApa 3.1: Adradn egordiopou doxiurg Seppikng anoxpiong (TRT) [25].
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Apxn Aettoupyiag Soripng 9eppikig andokpiong

Apxka ipoodlopiletal n adratapaktn Yeppokpaoia tou eddpoug, pe v Kataypadpn
g Seppokpaciag oty ermdaAvela g YEWIPNOoNg 1) Pe v aloddynon ng Seppokpaciag
TOU UYPOU TOU KUKAOPOPEL OTOV YEMEVAAAAKTI TPV TNV EVEPYOITOiNoN tng WPudng 1 tng
9¢ppavong [9] . Me tov 6po Sepnikn anokplon opidetat ) perpovupievny) addayn otnv peon
Oeppokpaocia v Yeppokpaocidv 10660U Kat §660U ToU UYPOU otV ITAPoSo ToU XPOvou.
Ot uneptuiBépeveg Stakupavoelg mg deppokpaociag ouvrbwg efaptovial and v peta-
BaAAopevn deppokpaocia tou agpa oto mepBAAAov 1) TG avtiotolxeg dlaKUpPAvVOoelg otV
TIAPOX1] 10XU0G OTOV NAEKTPIKO JepPavirpa Katl otnv avidia kukAogpopiag. Emopéveg n
Yeppokpaoia 10U agpa Katl 1 KAtavalmorn 10XU0G PETPOVIAL OUXVdA yid va dliax®plotouv
1€to10u €idoug Sratapaxég kata v a§lodoynorn. A&idel va onpewwbdel 6t apketoi £§o-
mAtopol avuiotabpidouv autég Tig S1aKUPAVOELS XP1NOTHOTIOIMVIAS £va XEIP10TH P10 Yid va
napéxouv otabepr| 10XUG.

H xatavour] mg dagopdag Seppokpaciag AT petadu mg péong Seppoxkpaciag tou
UypoU tou yewevadddaktn 17 kat tng Yeppokpaciag 1ou T01XOpatog g yewtpnong 1y,
propet va povtedornonOet ano v napakAte pabnpatiky ouvaptnon oG rpog v aktiva

NG YEDTPNONG Kat to Xpovo [15] [16] :

- 2
AT (ry,t) = ¢ _ap=-Lpg [ i } (3.1)

OTI0U
o AT =Ty — T, Awagpopd Seppoxpaoiag.
e o : @zppikn Siaxuon (m?/sec).
e [ : ZtaBepd 0AoOKANPGOTG .
e t: Xpovog (sec).

e )\ : Osppikn ayoypomrta (W/mK).
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e ¢ : Pubpog éyxuong Seppotntag (W/m).
e 1, 1 Aktiva yeotpnong (m).

H ouvdapmon E; oy apandve ox€on PIopet va mpooeyylotel og

2 2 00 s \n
Tb rb n(4at) ~ 40[1/'
! [40(75} T {40475} Z( ) n-n! " [ 2 7 (-2

orou v = 0.5772 n otaBepd Euler.

To péyioto opdApa npootyyiong g ouvaptnong Fp da sival pikpotepo tou 10% yia tg
XPOVIKEG OTIYHEG ¢ TTIOU 1KAVOITO10UV TI OXE0T) ff—g > 5 evo pikpotepo tou 2.5% yia autég
ne f—g > 20. TedApa npootyylong pikpotepo tou 10% eival ouvrBwg arodexto, ondte

EMAEYOVIAL O1 XPOVIKEG OTIYHEG TTOU 1KAVOTIO0UV 11 oXéorn [15]
—>r5 (3.3)

e a = Cip yuaa C, mv edikr) Yeppoxwpnukotta edapoug oe J/ K m3.

H Seppokpaocia tou uypou 1ou péet 0to E0MTEPIKO TOU YEMEVAAAAKTL HITOPEL va UTTO-
Aoyiotel Sewpoviag ot ] YpappiKy ninyn Seppotntag Bpiokeratl otnv aktiva g yeOTPN-
ong Kat rpooBétoviag v emnibpaon g YEPPIKAG avtiotaong HETASU TOU TOIXOPATOS TNG
YEDTPNONG KAl TOU Uypou autou. Omote 1 deppokpaocia tou uypou g oUuvAaptnon Tou

XPOVOU UIOPET va TEPIypaAdel PE TNV MAPAKAT® £§l0®or :

4ot
AT(t) = Ty(t) = To(t) = Ry - q = Ty(t) = % [Z”(%) - ’y} YT, +Ry-q  (3.4)

oriou T, n adwatapaxtn deppokpaocia edddoug, 1, n Seppikn aviiotaon perpnuévn oe
(K, m/W), yua Ty tov aptlOpnuko péco 6po tov 9eppoKpaciov 10660u Kat e5660u Tou
Tin+Tout

UYpoU T0U yewevadAdktn, dndadn Ty = 5

H napandve e§iowon pumopel va ypadtel oe ypappikng Hopdr oG €§n1g -

1 4
Ty(t) = % “In(t) + ¢ [m <ln (r—g> — 7) + Rb} + 1T, (3.5)
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Kadl aKOPA O€ TT0 ATTAT] Popdr| 0

Ty(t) =k - In(t) +m. (3.6)

A6 10 Stdypappa tou PEcOU 0pou YePPOKPAOIaAg ®G P0G T0 AoyaplOpo Tou Xpovou

Sa €xe1 KAion

q q
k=—= )= — 3.7
4T\ = Ak (3.7
£V 1 TIAPALETPOG
1 4o
m=q [m <ln (7"—13> — ”y) + Rb] +Ty. (3.8)

H eSiowon (3.6) g subeiag g péong THPNS TOV IEPPOKPACIOV YEMEVAAAAKT OG
POog Tov AoyapiOpo tou Xpovou exktédeong tou TRT pmopel va KATaOKEUAOTEl OG TNV
eubeia 1oV edayiotwv tepaydvav [16] amod 10 ypdpnpa 1oV IEPAPATIKOV PETPHOEDV TOV
Yeppokpaot®v yemevalAdKin ®G mpog tov AoydaplOpo tou xpovou ektédeong tou TRT
. ®a npénet va onpelwdel 0Tl 1 Kataokevr) g eubeiag tov edayiotov terpayovev Sa
KATAOKEUAOTEL e T XP1 o1 TV 8edopévav TIOU 1Kavortolouy 1 oxéon (3.3). 'Etot pe v
eupeorn g depuikng ayoyipomtag A [17], o urtodoyiopodg tng Seppikrg avtiotaong Ry
HETAdU TOU UYPOU 10U YE®EVAAAAKTN KAl TOU TOXOUATOG TG YEWIPNong tou da divetat

Ao TV MAPAKAT® OXEOT)

_T-T, 1 (, (4 _
Ry, = . T In 7’2 v . (3.9)

O1 t€ooeplg 61aPOPETIKOU TUTIOU Y11vol evadAdkieg Jeppotntag ol ortoiotl aroteAouv

10 ovotnua yewvaldakiov oto KATIE, pedet)Onkav §Ex®piotd yia v Iipocopoi®doT g
doxiun Seppikng amokpiong (TRT). IMapakate mapouoiadoviatl ta amoteAéopatd 10 mpo-
OOPOIOOE®V TTOU MPAYHATOONONKAV yia tov KAabe ye®evaAAdKin TOU OUCTHHATOS OTO

KAITIE.
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3.1.1 Aoxuyn 9eppixkiig anéxpiong (TRT) yewevadAdrn tonou 1U

O ynwog evadAdking Seppointag turnou 1U onwg @aivetatl oto oto oxnua (3.2), [4] po-
ocopowwbnKe akodoubwviag v napakdte dadikaocia [[Tapaptnpa I']:

BHE
40mm single-U
6"

Zxnpa 3.2: lesosvadddxing tnou 1U oxédio KATIE [4].

1. Anuoupyia menepacpévav otolxeiov e xpnon tou npoypappatog (BHE SETUP

TOOL) (oxnua 3.3).

2. Anploupylia yeoperpiag kat S1akpironoinong ye®evaAAdKtn pe Xpron Tou Aoyiopt-

kou DataExplorer (oxnpa 3.4, 3.5).

3. Me xpron tou Aoylopikou Matlab [18] kataokeudotnkav 1a MApAKATe ypadnpata
OV oXnNpatev 3.6 kat 3.7 kat dSnuioupyndnKe 10 POVIEAO UTTOAOYIOPOV SEPHIKOV

MAPAPETPROV TOU £8APOUG, OTIHG MTEPLYPAPETAL OV TTPONyoupevn apaypago (3.1).

4. O11pég IOV YePPIKOV TAPAPETPOV TOU £6APOUG ATIO TV IIPOCOH0IMOT) TG SOKIING

Seppikng anokplong napouctalovial OTov EMOUEVO TTivakd.
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WIDTH 10

LENGTH 10

DEPTH 120

BOX 2 6 6

ELEM_SIZE 5 30

// material_group #_of_elements thickness_of_elements

LAYER @ 32 9.25

LAYER 1 48 0.25

LAYER 2 160 ©0.25

LAYER 3 246 0.25

// BHE# x y z_top z_bottom radius
BHE @ 0 5 © -119 0.08255

Zxnpa 3.3: Apxeio £10660u yia v Snuioupyia TOV MEMEPACPEVRV OTOXEIOV OTO TIPodypappa
BHE SETUP TOOL.

IZxApa 3.4: leoperpia yewevadddxn winou 1U (DataExplorer).
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0
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0
gLt
o |1y + BHE Input Temperature CARM (simulated values)
5 |y -+ BHE Input Temperature (measured and OGS values)
T 2% ,f.. +BHE Qutput Temperature OGS (simulated values)
o | + BHE Qutput Temperature CARM (simulated values)
Q ! -+ BHE Output Temperature (measured values)
Eo4it 4
e
w 1
5 22 ;
|
205 .
18 | | |
0 0.5 1 15 2 2.5 3 3.5
TRT time in seconds ©10°

IZxApa 3.6: Awdypappa dsppokpaciag £10680U-e€660U O GUVAPTNOT HE TOV XPOVO YEDEVAA-

Adakty tornou 1U
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BHE 1U

[~}
(=7

T
()]
m o
Lol + OGS simulated values 4
g + CARM model with simulated values
o + Measured values
)
2
o3
[0}
6]
=
o
530
@ S e
o et
[E>. / o .‘0
o o ‘ |
8 Vo
E |
UIJ 26 vl ' 4
50
2 | \ | \ | | | |
8 8.5 9 9.5 10 105 1 1.5 12 12.5 13
In(time)

Ixnpa 3.7: Adypappa péong 9eppokpaciag oe ouvaptnon pe tov Xpovo os AoyaptOuike) kKAtpa-

Ka yewevadAaktn turou 1U

[Tivakag SepikoV apaperpev e6apoug

FewevaAddking tunou 1U

OepUiKY ayeypotnta

Zuviedeotng Sepuikng

mulated values

(W/mK) avtiotaong (mK /W)
KATIIE model with measured va- || 3.1960 0.1300
lues
LS model with measured values || 3.1500 0.1191
LS model with CARM simulated || 3.3407 0.1261
values
LS model with OpenGeoSys si- || 3.1396 0.1160

4]




3.1.2 Aoxuypn 9esppixiig anéxpiong (TRT) yewevadAdrn tonou 2U

O ynwog evadddking deppotntag tunou 2U onwg @aivetat oto oxnpa (3.8), [4] pooo-
po1wbnke akoAdoubBaviag v rmapakate dadikaoia [[Tapapinpa A7 :

BHE
32mm double-U
O6Y:"

WM

Zxnpa 3.8: lewevadddxing tunou 2U oxédio KATIE [4].

1. Anuoupyia menepacpévev oTolXEiOV pe Xprion tou npoypappatog (BHE SETUP

TOOL) (oxnua 3.9).

2. Anpioupylia yeoperpiag kat S1akpitonoinong ye®evaAAdKtn Pe Xprjon Tou Aoyiopt-

xou DataExplorer (oxnpa 3.10, 3.11).

3. Me xpnon tou Aoylopikou Matlab kataokeudotnkav ta Mapakdate ypadnpata tov
oxnuatev 3.12 kat 3.13 kat SnpioupynOnke 10 POVIEAO UTIOAOYIOU®OV JePUIKGOV

MAPAPETPROV TOU £dAPOUG, OTIOG opidetal otnv nmponyoupevn napaypado (3.1).

4. O11p€g TOV ePPIKOV TAPAPETPOV TOU £6APOUG ATTO TV IIPOCOH0IMOT) g HOKIING

depPIKNG aroKkp1long rnapouotadovial OToV EMOPEVO ITVAKA.
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WIDTH 10

LENGTH 10

DEPTH 125.5

BOX 2 6 6

ELEM_SIZE 5 30

// material_group #_of_elements thickness_of_elements

LAYER © 32 0.25

LAYER 1 48 0.25

LAYER 2 166 0.25

LAYER 3 262 0.25

// BHE# x y z_top z_bottom radius
BHE @ 0 5 © =121 0.08255

Zxnpa 3.9: Apxeio £10660u yia v Snuioupyia TOV MEMEPACPEVRV OTOXEIOV OTO TIPoypappa
BHE SETUP TOOL.

Zxnpa 3.10: Teopetpia yeosvaddakn wnou 2U (DataExplorer).
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32 g
1]
o}
Y
530 4
@
o
3
3 28 i
[}
6]
.g % i
§ ;' / / + BHE Input Temperature CARM (simulated values)
[P -+ BHE Input Temperature (measured and OGS values)
o4 T +BHE Output Temperature OGS (simulated values) 7
g— i g + BHE Qutput Temperature CARM (simulated values)
5 L,‘ + BHE Qutput Temperature (measured values)
~ 20 .
w il
I |
: A

0n 1

18 | \ |

0 05 1 1.5 2 2.5
TRT time in seconds «10°

ZxApa 3.12: Awdypappa 9sppokpaciag £10660u-e§660U 08 CUVAPTNON JE TOV XPOVO YEDEVAA-
Adaxkty tunou 2U.
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BHE 2U

(o5
=

[~
no
T

-+0GS simulated values
+ CARM model with simulated values
+ Measured values

(%]
=1

no
[==]

BHE mean temperature in Celsius degrees
R
.
AN

85 9 95 10 105 11 115 12 125 13
In(time)

IZxnpa 3.13: Adypappa péong 9sppoKpaciag oe cUVAPTNON He TOV XPOVO Ot AoyaplOpikn
KAlpaka yewevaAddxrn turnou 2U.

[Tivakag deppikav apap€rpeyv edAapoug (Ipaypatikotntag-rnpocopoinong)
FewevaAddking tunou 2U Bepuikn ayoypomta | Zuviedeotg depuikng
(W/mK) avtiotaong (mK /W)
KAIIE model with measured va- || 2.9650 0.0730
lues
LS model with measured values || 2.8524 0.0588
LS model with CARM simulated | 2.9667 0.0615
values
LS model with OpenGeoSys si- || 2.8229 0.0549
mulated values
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3.1.3 Aoxuypn 9eppixiig anéxpiong (TRT) yewevadAddkin opoafovikou TGnou

O yrjvog evadAdking 9epnotntag op1oa§ovikou TUIoU Oreg (aivetatl oto oto oxfua (3.14),

[4] mpoocopowbnke akodoubBwvtag tnv napakdte diadikaocia [[Tapaptnpa EJ :

BHE
76/40 mm coaxial
Oa4%6"

Zxnpa 3.14: Tswevadddakng opoagovikou turou oxédio KAIIE [4].

1. Anuoupyia menepacpévev oTolXEiOV pe Xprion tou npoypappatog (BHE SETUP

TOOL) (oxnua 3.15).

2. Anpioupyia yeoperpiag kat S1akpitonoinong ye®evaAAdKtn pe Xpron Tou Aoyiopt-

kou DataExplorer (oxnpa 3.16,3.17).

3. Me xpnon tou Aoylopikou Matlab kataokeudotnkav ta Mapakdat® ypadrnpata tev
oxnuatev 3.18 kat 3.19 kat SnpoupynOnke 10 POVIEAO UTIOAOYIOU®OV JepUIKGOV

MAPAPETPROV TOU £dAPOUg, OTIOG opidetal otnv nmponyoupevn napaypado (3.1).

4. O11pég IOV YePPIKOV TAPAPETPOV TOU £6APOUG ATIO TV IIPOCOH0IMOT) TG SOKIING

depPIKNG aroKkplong rnapouotadovial OToV EMOPEVO ITHVAKA.
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WIDTH 10

LENGTH 10

DEPTH 52

BOX 2 6 6

ELEM_SIZE 5 30

// material_group #_of_elements thickness_of_elements

LAYER @ 32 0.25

LAYER 1 48 0.25

LAYER 2 128 0.25

// BHE# x y z_top z_bottom radius
BHE @ ] 5 © -50 0.055

Zxnpa 3.15: Apyeio £10660u yia v dnpioupyia 1oV MeMepacuévev ototkeiov oto pdypappa
BHE SETUP TOOL.

Zxnpa 3.16: lsopestpia yeoevadddxtn opoagovikou tunou (DataExplorer).
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ZxApa 3.17: Awakpnromnoinon yewevadddxtn opoagovikou turou (DataExplorer).

BHE COAXIAL

38

[o~]
D

(7]
=

oo
=]

(]
=1
T

f BHE Input Temperature GARM (simulated values)
+ BHE Input Temperature (measured and OGS values)

BHE temperature in Celcius degrees

281,

- «BHE Output Temperature OGS (simulated values)

+F + BHE Qutput Temperature CARM (simulated values)
2648 -+-BHE Output Temperature (measured values)
24 :::
2p
20 | \ |

0 0.5 1 15 2 25

TRT time in seconds «10°

ZxApa 3.18: Awdypappa Ssppokpaciag £10660u-e§660U 08 CUVAPTNON 1IE TOV XPOVO YEDEVAA-

Adkt opoagovikou TUIou.
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BHE COAXIAL
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Zxnpa 3.19: Adypappa péong 9eppoKpaociag oe cUVAPTNON He TOV XPOVO O AoyaplOpikn
KATpaka yewevaAddkin opoagovikou Turiou

[Tivakag deppikav apap€rpeyv edAapoug (Ipaypatikotntag-rnpocopoinong)
Fewevalddking 010agoVIKOU || Beppikn) ayoypotnta | Zuviedeotr|g Seppiknig
TUTIOU (W/mK) avtiotaong (mK /W)
KAIIE model with measured va- || 2.6430 0.0500
lues
LS model with measured values || 2.4568 0.0378
LS model with CARM simulated | 2.4298 0.0336
values
LS model with OpenGeoSys si- || 2.5482 0.0392
mulated values
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3.1.4 Aoxuyn 9eppixkiig anéxpiong (TRT) yewevadAdrin eAtkos150Ug Tinou

O ynwog evadAdking 9eppotntag TuIou eAKoe180Ug ONKG @ativetat oto oto oxnpa (3.20),
[4] mpooopodnKke oav yewevadAdaking turnou 1U, kabwg 1o AOy1o11KO Sev £Xel avarttuget
K®OO1KA Y1a aUToU TOU TUTIOU TOV YEMEVAAAAKTL PE KATIolEG TIapadoxEG KAt akoAouboviag
Vv napakaie dStadikaoia [[Mapdptnua T7 :

BHE
25 mm spiral

ZxApa 3.20: leswsvadddxing sdikos1doug tinou oto KATIE [4].

1. Anuioupyia nenepacpévev otolxeimv pe xpron tou npoypappatog (BHE SETUP

TOOL) (oxnpa 3.21).

2. Anploupyia yeoperpiag kat S1akpirornoinong ye®evaAAdKtn pe Xpr)on Tou Aoyiopt-

kou DataExplorer (oxnua 3.22, 3.23).

3. Me xpnion tou Aoyiopikou Matlab kataokeudotnkayv ta MApAKAT® ypadpnpaid 1oV
oxnuatev 3.24 kat 3.25 kat SnpoupynOnke 10 POVIEAO UTIOAOYIOU®OV JePUIKDV

MAPAPETPROV TOU £8APOUG, OTIOG opidetal otnv nmponyoupevn napaypado (3.1).

4. O1 TP£G TOV FepUIKOV TIAPAPETP®V TOU £8A(POUG ATIO TNV IPOCON0IMO0T TNG SOKIING

Seppikng anokplong napouctalovial OTov EMOUEVO TTivakd.
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WIDTH 10

LENGTH 10

DEPTH 16

BOX 2 6 6
ELEM_SIZE 5 30

// material_group #_of_elements thickness_of_elements
LAYER @ 32 9.25

LAYER 1 32 9.25

/] BHE# x y  z_top z_bottom radius

BHE 9 0 5 0 -15 0.20

Zxnpa 3.21: Apxeio £10660u yia v dnpioupyia 1oV MEMepacuévev oTotXeiov oto pdypappa
BHE SETUP TOOL.

IZxnpa 3.22: Teoperpia yewevaAddxn tunou edikoeidoug (DataExplorer).
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Zxnpa 3.23: Awakpnronoinon yeoevaAddktn sAikoedoug turou (DataExplorer).

Helicoidal BHE
60 T
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i
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W + BHE Input Temperature CARM (simulated values)

f -+ BHE Input Temperature (measured and OGS values)
«~ BHE Qutput Temperature OGS (simulated values)
+ BHE Qutput Temperature CARM (simulated values)
+- BHE Qutput Temperature (measured values)

BHE temperature in Celcius degrees
& &
s =l
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w
(=]
T
|

20 - . | |
0 1 2 3 4 5 6 7

TRT time in seconds x10°

ZxApa 3.24: Awdypappa Ssppokpaciag £10660u-e§660U 08 CUVAPTNON JE TOV XPOVO YEDEVAA-
Adxktn eAdkoe1§oug TUTIoU.
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Helicoidal BHE

+ OGS simulated values
= CARM model with simulated values
561 + Measured values -
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IZxnpa 3.25: Adypappa péong 9sppokpaociag oe cUVAPTNON He TOV XPOVO O AoyaplOpikn
KATpAKA Ye®eVAAAAKTL eAKOE150UG TUTTOU

[Tivakag deppikav apap€rpeyv edAapoug (Ipaypatikotntag-rnpocopoinong)
Fewevadddking tunou eAikoeldo- | OBepuikn ayoylpomta | Zuviedeotg deppikng
Ug (W/mK) avtiotaong (mK /W)
KAIIE model with measured va- || 3.643 0.108
lues
LS model with measured values || 3.2989 0.0986
LS model with CARM simulated | 2.9378 0.0901
values
LS model with OpenGeoSys si- || 3.2612 0.1016
mulated values
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3.2 IIpooopoiwon cuoctipatog yewOeppiag oe mpaypa-
TIREG OUVONKEG

Ia v mpooopoiwon tou cucthpatog aBaboug yewbeppiag Tou Kripiou ypagdeiov tou

KATIE xpnoworno)bnkav dedopéva armo g mapaKat® mnyeg :

1. Tewypadikn 9¢on ynvev evaldakiev Ieppotntag Kat arootdoelg Netadl 1oV Ye®-

Tprjoenv (oxnpa 3.26), [4].

[Tivakag CUVIETAyPAVeV VERTPHOoE®V 0T0 EAANVIKG yemdattiké cuotnua avadopdg 1987 (ETZA/87)

ID X Y Z

T'1(10) 493398.291 4205377.16 125.92
r2(20) 493397.37 4205387.82 126.37
I'3(Opoatovikdg) || 493398.31 4205394.61 126.83
T4(EAkoeidrig) | 493399.14 4205401.29 127.32

Arootdoelg petadl 1OV YEWTPI|OEDV

Fewtpnoeig (ID) Anootaon(m)
rir2 10.6996262
rar3 6.85475747
rar4 6.73136687

2. Tewdoyka - edadoloyika yapaktnpiotkd [10], ta omoia eivat eloayoviat oe faot-
KEG TAPAPETPOUG ToU Aoylopikou OpenGeoSys (oxnpa 3.27). O mapakAate mvaxkag

nieplAapBavetl ta e6aPoAoyiKA XAPAKINPIOTIKA TOU UtedApoug.

Ebda@doloyikd Xxapakinplotika TeEPLOXg

Ei60g e- || [laxog Beppox®PNUKOTTA [Mukvomnia | Ogppikn a- | [Hopwbdeg
dagpoug otpopatog | (J/KgK) (Kg/m?) yoywmomta | (%)

(m) (W/mK)
Dry Clay 8 1600 2100 1 40
Wet Clay 12 3400 1200 3.4 20
Grey Clay | 40 2500 2700 2.6 17
Sandstone | 65 750 2680 2.965 10

3. O1 61001d0e1g TV YE®TPNOE®V Ol OMOoieg Kpivovial armapaitnieg katd v 61adt-
Kaoia dnuoupyiag g yewperpiag Kat g §1akpitonoinong 1oV yeE®EVAAAAKIOV

Seppotntag Tou cuoTNIATog TIAPOUc1adovial OToV MAPAKAT® TTVAKA.
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Zxnpa 3.26: Tuotua yeoevaddaktov katoyn - oxédio KAIIE [4].
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BHE BHE BHE BHE

40mm single-U 32mm double-U 76/40 mm coaxial 25 mm spiral

“er" oer" Da¥" 15%"

Zxnpa 3.27: Tuompa yeesvadlaxtov oxedio KATIE [4].

XapakinploTiKa YEDTPI|OEDV
Turnog yewevaddaxin Axtiva yewtpnong (m) | Babog yewtpnong (m)
10U 0.1651 119
20 0.1651 121
Opoaovikog 0.110 50
EAwkoe1dng 0.40005 15

Ta apxeia yeoperpiag kat Siakpirornoinong ta oroia dnpioupyndnkav pe tv Xpron
v npoypappdatov DataExplorer kat (BHE SETUP TOOL) mapouotaloviat ota

oxnpata 3.28 — 3.30:
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WIDTH 21

LENGTH 40

DEPTH 125.5

BOX 2 36 12
ELEM_SIZE 5 3@

// material_group #_of_elements thickness_of_elements

LAYER @ 32 0.25
LAYER 1 48 0.25
LAYER 2 160 0.25
LAYER 3 262 0.25
// BHE# x

BHE © ]

BHE 1 ]

BHE 2 ]

BHE 3

y z_top z_bottom radius
6.023 0 -15 0.200025
12.7543 0 -50 0.0555625
19.609 0 =121 0.08255
30.0664 O =121 0.08255

Zxnpa 3.28: Apxeio £10660u yia v dnpioupyia 1oV MeMepacuévev ototkeiov oto pdypappa

BHE SETUP TOOL.

Zxnpa 3.29: lsopestpia cuotpatog yeosvaddaxktov (DataExplorer).
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ZxApa 3.30: Awaxkpnrtonoinon cucthuatog yewevaddaxtov (DataExplorer).

. Ta texvikd XapaKnplotkad v ynivev evaldaktov Seppotntag [4] mapouoiadoviat

OTOV TIAPAKAT® TVAKA :

XapaktnplotKA YEDEVAAAAKTOV

Tunog yewevad- || Awapetpog [Taxog Tto1- | BepuIKy a- | Amootaon
AdxkIn o®Anva (m) | xopatog yoypouta petady v

omAnva (m) | toxopatog ORANVOV(M)

ooAfva(W/mK)

10U 0.040 0.0037 0.49 0.0948
2U 0.032 0.0029 0.49 0.0756
Opoadovikog in || 0.032 0.0029 0.43 -
Opoadovikog 0.076 0.0045 1.6 -
out
EAwkoe1dng 0.025 0.0037 0.42 0.29247

. XapaKinplotikd UVAK®V MANP®ONG NG YEDTPNONG . TS YeRTprjoelg aBaboug yew-
Seppiag yiverat xpnon evepdiov yla v MANP®ON TV YERTPHoenv [11] ,petd v
€YKATAOTAOT TOU YEMEVAAAAKTN OTO £0MIEPIKO NG YeTPnong. 'Orou evépata o-

pidovtatl ta uvypniAng peuotdtntag avapiypara ouvdeTtikng Koviag. Ita yemBeppika
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OoUCTAATA N TTANPWOT TRV VEDTIPTOE®V H1E XP1)on KatdAAnAou evépatog [12] arote-

Ael éva oAU onpavuko Bripa yua v e§acpdAion g EMmMTuXnUEVNg YEOOEPIKDG

eykataotaong. Xto ouotnpa tou KAIIE ta evépata ta omoia Xpnotponotr|dnkav

Yld TV MANP®OOT IOV TE00APKMV VERTPNOEDV £1XAV 1A XAPAKINE1OTIKA Td oroia ma-

pouotadovial oTov MAPAKAT® MTivakd.

XapaKTnpP1oTIKA EVEPATOV

Tunog yewevadAdkin

IMTukvotnta BcppoxmpPNTUKOTNTA Oepukn] Aywyl-
(Kg/m?) (J/KgK) pomrta (W/mK)
1U 1655 1460 2
2U 1655 1460 2
Opoagovikog 1000 4180 1
EAwkoe1dng 1655 920 0.41

6. XapaKinplotikd KUKAO(POPOUVIOG UYPOU OTO £0MTEPIKO TOU OUCTIHATOS .

XapakinplotiKA PYUKTIKOU UypoU
Ei6og [Tukvotnta | [mdeg (C)) BepuoX®PNTIKOTTA Bepuikn a- | Ogpuorpacid
(K g/m?) (J/KgK) voywpomrta | (9)
(W/mK)
Nepo 1000 1 4138 0.598 20

7. XapaKtnploTiKy] KAPIUALN TG QUYOKEVIPIKNG avidiag (kuxkAdogopntrg ) (oxfpa

3.31), [13], n omoia arotedei faockd otoikeio oty dnuoupyia poviédou diktvou

ayeyeov pe 1o Aoylopiko TESPy onwg avagépetat oty evotnta (2.2.2). H xapaktn-

P10TIKT) KAUITUAD piag avidiag ekppddet tnv adAnAemnidpaon petadu duo petabAntov

TG 01 OToieg EPLYPAdOUV TNV anodoon g :

e (Head): H evépyela ava povada padag mou nap€xel n avidia oto peuoto.

e (Flow rate): H moootnta tou uypou mou d1€pyxetat ano pia topr) os pia ouyke-

KPIPEVH XPOVIKY] TIEPiodo.
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ZxApa 3.31: Xapakinplotiky KapmuAn @UYOKeVIpIKnG avidiag ouotruatog KATIE [13].

3.2.1 >stvounpa yewBeppiag o Asttoupyia Wolng - 9éppavong

IMa v npooopoinon Tou cuctpatog os Asttoupyia Yuing -9épnavong [[Mapaptnpa Al

, [TTapdpinpa Blxpnoiponor)dnkav ot TiHEG TOV TIAPAPEIPROV OF TIPAYHATIKEG PETPLOEIG

OTI®G AUTEG ITaPOoUo1adovial OTov MAPAKAT ITivakd :

Tég mapap€rpv o Asttoupyia Puing

Turnog yewevaAddaktn

loxug oe wugn (W)

pubu6g ponig (m?/sec)

10U

2U
Opoagovikog
EAwkoe1dng

7900
7100
5500
1100

0.30
0.28
0,27
0.13

Tipég mapapétpwv o Asttoupyia Seppavong

Tunog yewevaAddaktn

loxug oe wugn (W)

pubu6g ponig (m?/sec)

10U

2U
Opoagovikog
EAwkoe1dng

-7900
-7100
-5500
-1100

0.30
0.28
0,27
0.13
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AZie1 va onpelwdei 6t 10 Aoyiopikd OpenGeoSys POCOPOIRVEL Tr) Asttoupyia tou
ouOTNHATog PEXPL Kat T yewBeppikn avidia Seppointag. 'Etotl dev eivar ediktod va mipo-
oopowBel 0 TIAT)PNG KUKAOG TG avidiag, emeldr) otnv rmapouvod £€KH00r ToU AOY1OPIKOU
Oev eival duvatr] n Kataxmpnon mAneodopiav T0U CUCTHHATOS TTOU adopouV 10 TUNHPa
TOU KInpiou peta v avidia Seppointag. Ondte Sev pnopet va mpooopotmOet n aAAnAe-

niibpaorn tou Kpiou Kat tou ouotrpatog yenbeppiag (oxnpa 3.32), [1].

considered in the model
iﬁﬁﬁ%:% poundany Hot Water Supply
< : :
i Heat Pump | !
' 1
L]
7777 7777 Circulating ._,.:
S \E Fluid Pump - == -
COP corrected ===~ | —
/\/ A
7l P
filled o4 < A A
ith
e SEEEE
< J
= J
\/ Buffer Tank Floor Heating
not yet included in the model

Zxnpa 3.32: Tuompua yeabepuikng avidiag Seppdtntag cupgeva pe o OpenGeoSys [13] .

O ynwog evaAAdking Seppdtntag eAKOEIB0UG TUTTOU IIPOCOPOIWONKE, OTIOG avadEp-
9nke oe mponyoupevn evowta (3.1.4), cav yewevaddaking turou 1U. Autd eixe oav
arnotéAeopa anokAlon anod my npaypatky kataotaorn. 'Etol ta napakdte anotedéopa-
Ta apopouv g Yeppokpaocieg e100dou kat e§6dou tou Ppodyxou yeiwong (Earth Loop
system).

To ypaonpa 3.33 eppavidetl 11§ MPAYHATIKES TIHES TOV IEPPOKPACIOV 10000V KAl €-
£660U ToU ouoTPATog TV YIVeV evadldaktmv Seppotntag tou KAIIE katd v Aettoupyia
Puéng oe ouvaptnorn pe tov Xpovo otg b ZertepBpiou 2018 petadu 11 : 25 — 11 : 35 10

pi.
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a5 Real measurements 05/09/2018 CRES 11:25-11:35
T T T T T T T
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0 1 2 3 4 5 6 7 8 9 10
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ZxApa 3.33: Zuotnua ot Asttoupyia Yu§ng mpaypatikég Tipég YepoKpaciov.

Zto ypaonua 3.34 epgpavidovtal ot aviiotoyeg TG TV depHoKpaoiev £10060U Kat
€€060U TOU CUOTHIATOS TV YHIVOV EVAAAAKTOV deppdtntag pe v XPrjon Tou Aoylopt-
koU (OpenGeoSys). 'Onwg MPOKUITIEL AITO I CUYKP1o1 TV §U0 ypadpnpdiev, T16o0 ot
THEG €10060U, 600 KAl Ol THEG €6060U TRV YEPHOKPACIOV PETA AT TA APXIKA A£rTd
Aettoupyiag, eival maparidnoleg. Emiong n diagpopd Seppoxpaociag e100dou kat e§6dou

eival pkpOtepn 10U £vog Babpou.
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a6 OGS measurements 05/09/2018 CRES 11:25-11:35
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Zxnpa 3.34: Tuctnua oe Asttoupyia Yiugng mpooopoiwpéveg Tipég Seppokpaciov (OpenGeoSys)

To ypaonpa 3.35 eppavidet 11§ MPAYHATIKES TIHES TOV IEPPOKPATIOV 10080V Kal &-
£060u ToU ouoTPatog TV YN vev evadldaktev Seppotntag tou KAIIE katd v Aettoupyia
9¢éppavong oe ouvdptnor pe tov xpovo otg 1 @eBpouapiou 2018 petaguy 07 : 36 — 07 : 46

10 TIP®1.

Real measurements 01/02/2018 CRES 07:36-07:46

30 [~=-Tin
-Tout
25
7]
(0]
o
3
T 20+ =
7]
2 —
L]
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© 15
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2
S 10
()
Q
=
k)
5. 4
0 1 L 1 | 1 1 L 1
1 2 3 4 5 6 7 8 9 10

Time in minutes

Zxnpa 3.35: Zuomua os Asttoupyia 9¢ppavong mpaypatkig Tipég JepoKpaotav.
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Zto ypdonpa 3.36 epgpavidovtatl ot aviiotoiyeg Tipég TV deppoKpaot®v £10060U Kat
€€060U TOU CUOTHPATOS TV YHIVOV EVAAAAKTOV Seppdtntag pe v XPrion Tou Aoylopt-
koU (OpenGeoSys). 'Onwg MPOKUITIEL AITO 1 OUYKP1o1 TV §U0 ypadpnpdiev, 1600 ot
THEG €10060U, 600 KAl Ol TIHEG £6060U TRV YEPHOKPACIOV PETA ATIO TA APXIKA AErTd
Aettoupyiag, eival maparidnoleg. Emiong n diapopd Seppoxpaociag e1006ou kat e§6dou

eival pkpOTEPN TOU HP1oou Babpou.

30 OGS measurements 01/02/2018 CRES 07:36-07:46
T T T T T T T -0-¥I0ut
- | N

25 - 4

N
o
T
|

Temperature in Celsius degrees
(4]

0 I | | | I L
0 1 2 3 4 5 6 7 8 9 10

Time in minutes

Zxnpa 3.36: Zuotnua os Asttoupyia 9éppavong npocopolapéveg Tipég deppokpaoctov (Open-
GeoSys) .
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Kegpalawo 4

Tupnepaocpata

Le autn ) PETATIUXaKD gpyaocia napouctdotnke n dadikaoia poviedomnoinong, mapa-
HETPOTT0IN0NG KAl EMESEPYACIAG TV ATIOTEAEOPAT®V ATIO THV IIPOCOH0I®OT) EVO§ CUCTHA-
10g aBaboug yewbeppiag. E1dikotepa mpooopotmbnkav ot oK1pEG SepHIKDG ATTOKPIONG
(TRT) ya ta téooepa Paoka eidn yewevadlakiov deppdintag, ta oroia ouvhEtouv to
ouotmpa aBaboug yewbeppiag tou KAIIE. Emiong rpooopolnbnke os Asttoupyia wugng
kat 9éppavong 1o oAorAnpepévo cuotnpa tou KAIIE pe v xprjon tou avolktou Kodt-
Ka Aoylopikou OpenGeoSys. Ta amotedéopata @V MPOCOPOIWOERY Nag 0dnynoav ota

MAPAKAT® CUUIEQAOUATA

e To Aoylopikd OpenGeoSys otnv rapovoa €ktn €kdoon tou dev mapéyet ) du-
vatotnIa MPOooPoinong Tou eA1koe1d0Ug TUTIOU YI|tvou evadddktn Seppotntag oe
Katakopuon tomobéwnon. Emnopéveg katd tn mpooopoinon tou dewpnbnke wg
yvewevaddaking tunou 1U. Autd eixe oav amotédeopa v €10ay0yn opaipdatov
and avty v napadoxr) 1000 Katd IV IPooopoidon) tng 60K JepuiKkng anokpt-
ong,600 Kat Katd v S1e§aymyr) g PoconoinoT) T0U 0OAOKANP®HIEVOU CUCTIATOS

g Asttoupyiag 9éppavong kat Yuing.

e Aro ta anotedéopara g IIPOCO0iMONG TOU YE®OEPHIKOU CUOTIIATOG TOC0 Ot Aetl-
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toupyia Wwudng 6oo kat fppavong n péon Seppokpacia £10660u Kat e€686ou tou
PEUOTOU UTIOAOYioTNKE 1Kavoronuka. [To cuyrekpipéva ot drapopeg depporpa-
010V KATd 11 ITPOoooPoi®on eixav Siapopd MKPOTEPN TOU £vog Babou oe oxéon 1e

TIG TIPAYHATIKEG PETPTOELG.

H pikpr] amnokAion tov anoteAeopdiov IOV MTPOCOHOIN0ERV TOV SOKIIOV SepIKNG
anokplong (TRT) pag odnyei oto ocupniépaocpa Ot 1] IIPOCOPOIMOT YHIV@V evadda-
KtV deppdintag pe ) Xpron tou Aoyiopikou OpenGeoSys eivat adlormoteg Kat
HIopouv va eradnBevoouv 11§ MPAYHATIKEG PETPNOELS Katd ) Sie§aywyn tov do-

KOV YepHIKNG ATTOKP101G.

H e§aywyn mpooopowoenv pe ) Xpron tou Aoylopikou OpenGeoSys arattet Ba-
OlKEG YVROELS ouotnpdtev aBaboug yenbeppiag, aplOpnukov pebodov emiluong
POBANPATOV APXIKOV TIHOV KAl IIpoypappatiopouy oe yAwooa python. Ormdte
Hropet va xpnowporoinOei and pnxavikoug ot ortoiot dev Srabétouv 16raitepa eet-

dikeupéveg yvwoetg.
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e Kupio extedéopo apxeio OpenGeoSys

<?xml version="1.0" encoding="ISO-8859-1"?>
<OpenGeoSysProject>
<mesh>kape.vtu</mesh>
<geometry>kape.gml</geometry>
<python_script>bcs_tespy_closedloop.py</python_script>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEl</process_variable>
<process_variable>temperature_BHE2</process_variable>
<process_variable>temperature_BHE3</process_variable>
<process_variable>temperature_BHE4</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>1U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>15</length>
<diameter>0.40005</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>920.0</heat_capacity>
<thermal_conductivity>0.41</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.29247</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
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<borehole_heat_exchanger>
<type>CXA</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>50.0</length>
<diameter>0.11</diameter>
</borehole>
<grout>
<density>1000</density>
<porosity>0.0</porosity>
<heat_capacity>4180</heat_capacity>
<thermal_conductivity>1</thermal_conductivity>
</grout>
<pipes>
<outer>
<diameter> 0.076</diameter>
<wall_thickness>0.0045</wall_thickness>
<wall_thermal_conductivity>1.6</wall_thermal_conductivity>
</outer>
<inner>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.43</wall_thermal_conductivity>
</inner>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.00114</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.598</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
<borehole_heat_exchanger>
<type>2U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>121.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.0756</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
<borehole_heat_exchanger>
<type>1U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>119.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
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<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.0948</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
</processes>
<media>
<medium id="0">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
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<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="2">
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<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4200</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>2500</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2700</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.17</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.6</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="3">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4157</value>
</property>
<property>
<name>density</name>
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<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>750</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2680</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1000</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2500</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.1</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.965</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">
<nonlinear_solver>basic_picard</nonlinear_solver>
<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>l.e-5</reltol>
</convergence_criterion>
<time_discretization><type>BackwardEuler</type></time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>

<!-- use the following for full simulation
<t_end> 15552000 </t_end>
—-—>
<t_end> 4200 </t_end>
<timesteps>
<!-- use the following for full simulation

<pair><repeat>10</repeat><delta_t>720</delta_t></pair>
<pair><repeat>4</repeat><delta_t>3600</delta_t></pair>
<pair><repeat>1</repeat><delta_t>10800</delta_t></pair>

——>
<pair>
<repeat>70</repeat>
<delta_t>60</delta_t>
</pair>
</timesteps>
</time_stepping>
</process>
</processes>
<output>
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<type>VTK</type>
<prefix>4bhesKAPE</prefix>
<timesteps>
<!-- use the following for full simulation
<pair><repeat> 1</repeat><each_steps> 92 </each_steps></pair>
<pair><repeat> 1</repeat><each_steps> 80 </each_steps></pair>
-=>
<pair>
<repeat> 1 </repeat>
<each_steps> 1 </each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHEl</variable>
<variable>temperature_BHE2</variable>
<variable>temperature_BHE3</variable>
<variable>temperature_BHE4</variable>
</variables>
<suffix>_ts_{:timestep}_t_{:time}</suffix>
</output>
</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<values>303</values>
</parameter>
<parameter>
<name>T0_BHE1</name>
<type>Constant</type>
<values>289 289 289 289</values>
</parameter>
<parameter>
<name>T0_BHE2</name>
<type>Constant</type>
<values>289 289 289</values>
</parameter>
<parameter>
<name>T0_BHE3</name>
<type>Constant</type>
<values>289 289 289 289 289 289 289 289</values>
</parameter>
<parameter>
<name>T0_BHE4</name>
<type>Constant</type>
<values>289 289 289 289</values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperature_soil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
<boundary_conditions>
<boundary_condition>
<geometrical_set>adrikos.gli</geometrical_set>
<geometry>top</geometry>
<type>Dirichlet</type>
<parameter>T0</parameter>
</boundary_condition>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHEl</name>
<components>4</components>
<order>1</order>
<initial_condition>TO0_BHE1</initial_condition>
</process_variable>
<process_variable>
<name>temperature7BHE2</name>
<components>3</components>
<order>1</order>
<initial_ condition>T0_BHE2</initial_condition>
</process_variable>
<process_variable>
<name>temperature_BHE3</name>
<components>8</components>
<order>1</order>
<initial_condition>T0_BHE3</initial_condition>
</process_variable>
<process_variable>
<name>temperature_BHE4</name>
<components>4</components>
<order>1</order>
<initial_condition>TO0_BHE4</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
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<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_ linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>
<parameters>-gw_ksp_type cg -gw_pc_type bjacobi -gw_ksp_rtol le-16 -gw_ksp_max_it 10000</parameters>
</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>0 4200
</coords>
<values>289 289
</values>
</curve>
</curves>
</OpenGeoSysProject>

e Apyxeio ouvoplak®v cuvinkov Python

#H#

# Copyright (c) 2012-2020, OpenGeoSys Community (http://www.opengeosys.orq)
# Distributed under a Modified BSD License.

# See accompanying file LICENSE.txt or

# http://www.opengeosys.org/project/license

#i

import sys

print (sys.version)

import os

import numpy as np

from pandas import read_csv

import OpenGeoSys

from tespy.networks import load_network

# User setting +++++++tttttttttttttttttttttttttttttttttttttttttttttttttttttttt
# parameters
# refrigerant density
rho_f = 1000 # kg/m3
# switch for special boundary conditions
# switch of the function for manually specified dynamic flowrate
switch_dyn_frate = "off’ # ’'on’,’off’
# switch of the function for manually specified dynamic thermal demand
switch_dyn_demand = ’‘on’ # ’‘on’,’off’
if switch_dyn_demand == ’‘on’:
#give the consumer name defined by user in the network model
consumer_name = ’consumer’

# network status setting
def network_status(t):
nw_status = ’‘on’
# month for closed network
timerange_nw_off month = [] # No month for closed network
# t-1 to avoid the calculation problem at special time point,
# e.g. t = 2592000.
t_trans = int ((t - 1) / 86400 / 30) + 1
t_trans_month = t_trans
if t_trans_month > 12:
t_trans_month = t_trans - 12 % (int(t_trans / 12))
if t_trans_month in timerange_nw_off_month:
nw_status = 'off’
return nw_status

# dynamic consumer thermal load
def consumer_demand(t): # dynamic thermal demand from consumer
# time conversion
t_trans = int((t - 1) / 86400 / 30) + 1
if t_trans > 12:
t_trans = t_trans - 12 * (int(t_trans / 12))
# thermal demand in each month (assumed specific heat extraction ratex
# length of BHEx number of BHE)
month_demand = [
-63 x 305, -63 % 305, -63 x 305, -63 % 305, -63 % 305,
-63 » 305, -63 % 305, -63 » 305, -63 % 305, -63 % 305,
-63 x 305, -63 = 305,
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]

return month_demand[t_trans - 1]

# dynamic hydraulic flow rate at the network inlet
def dyn_frate(t):

# time conversion

t_trans = int((t - 1) / 86400 / 30) + 1

if t_trans > 12:

t_trans = t_trans - 12 * (int(t_trans / 12))

# flow rate in kg / s time curve in month

month_frate = []

return month_frate[t_trans - 1]

# End User settingt+++++++ttttttttttttttttttttttttttttttttttttttttttttttttttt++

# create network dataframe
def create_dataframe() :
# return dataframe
df_nw = read_csv(’./pre/bhe_network.csv’,
delimiter=";’,
index_col=[0],
dtype={’data_index’: str})
return (df_nw)

# TESPy calculation process
def get_tespy_results(t):
# bhe network boundary conditions re parametrization
# if network exist dynamic flowrate
if switch_dyn_frate == 'on’:
cur_frate = dyn_frate(t)
localVars([’inlet_name’] .set_attr (m=cur_frate)
# if network exist dynamic thermal demand
if switch_dyn_demand == ’on’:
# consumer thermal load:
cur_month_demand = consumer_demand (t)
nw.components [consumer_name] .set_attr (Q=cur_month_demand)
# T_out re parametrization:
for i in range (n_BHE) :
localVars[’outlet_BHE’ + str(i + 1)].set_attr(T=df.loc[data_index[i],
" Tout_val’])
# solving network
nw.solve (mode='design’)
# get Tin_val and flow rate
for i in range (n_BHE) :
# get Tin_val
df.loc[df.index[1i],
'Tin_val’] = localVars([’inlet_BHE’ +
str(i + 1)].get_attr(’'T").val
# get flowrate
df.loc[df.index[1i],
"flowrate’] = localVars[’inlet_BHE’ +
str(i + 1)].get_attr('m’).val / rho_f£f
return df[’Tin_val’].tolist (), df[’flowrate’].tolist ()

# 0GS setting

# Dirichlet BCs

class BC (OpenGeoSys.BHENetwork) :

def initializeDataContainer (self):

# initialize network and get data from the network
nw.solve (mode='design’)
get_tespy_results(0)
# convert dataframe to column list

t =0 # ’initial time’

data_col_1 = df[’'Tin_val’].tolist () # 'Tin_val’

data_col_2 = df[’Tout_val’].tolist () # ’Tout_val’

data_col_3 = df[’Tout_node_id’].astype (int) .tolist () # ' Tout_node_id’
data_col_4 = df[’'flowrate’].tolist () # 'BHE flow rate’

return (t, data_col_1, data_col_2, data_col_3, data_col_4)

def tespySolver (self, t, Tin_val, Tout_val):
# network status:
nw_status = network_status(t)
# if network closed:

if nw_status == 'off’:
df.loc[:,’flowrate’] = 0
cur_flowrate = df[’ flowrate’].tolist ()

return (True, True, Tout_val, cur_flowrate)
else:

# read Tout_val to dataframe
for i in range (n_BHE) :

df.loc[df.index[i1], ’Tout_val’] = Tout_vall[i]
# TESPy solver
cur_Tin_val, cur_flowrate = get_tespy_results(t)
# check norm if network achieves the converge
if_success = False
pre_Tin_val = Tin_val
norm_dx = np.linalg.norm(
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abs (np.asarray (pre_Tin_val) - np.asarray(cur_Tin_val)))
norm_x = np.linalg.norm(np.asarray(cur_Tin_val)
if norm_dx/norm_x < le-6:
if_success = True
# return to OGS
return (True, if_success, cur_Tin_val, cur_flowrate)

main

initialize the tespy model of the bhe network
load path of network model:

# loading the TESPy model

project_dir = os.getcwd()

print ("Project dir is: ", project_dir

nw = load_network (’./pre/tespy_nw_closedloop’)
# set if print the network iteration info
nw.set_attr (iterinfo=False)

EoE

# create bhe dataframe of the network system from bhe_network.csv
df = create_dataframe (
n_BHE = np.size(df.iloc[:, 0])

# create local variables of the components label and connections label in
# network
localvars = locals()
data_index = df.index.tolist ()
for i in range (n_BHE) :
for ¢ in nw.conns.index:
# bhe inlet and outlet conns

if c.target.label data_index[i]: # inlet conns of bhe
localVars([’inlet_BHE’ + str(i + 1)] = ¢
if c.source.label == data_index[i]: # outlet conns of bhe
localVars[’outlet_BHE’ + str(i + 1)] = c
# time depended flowrate
if switch_dyn_frate == 'on’:
# import the name of inlet connection from the network csv file
inlet_name = read_csv(’./pre/tespy_nw/connections.csv’,

delimiter=";’,
index_col=[0]).iloc[0,0]
for ¢ in nw.conns.index:
# bhe inflow conns
if c.source.label == inlet_name: # inlet conns of bhe
localVars|[’inlet_name’] = c

# instantiate BC objects referenced in OpenGeoSys
bc_bhe = BC()

e Apxeio dnuioupyiag diktvou Python

###

# Copyright (c) 2012-2020, OpenGeoSys Community (http://www.opengeosys.orq)
# Distributed under a Modified BSD License.

# See accompanying file LICENSE.txt or

# http://www.opengeosys.org/project/license

i

# Execute this file to generate TESPy network csv files

from tespy.networks import network

from tespy.connections import connection, ref

from tespy.components import source, sink, pump, splitter, merge, heat_exchanger_simple, cycle_closer
from tespy.tools import char_line, dc_cc

import numpy as np

# %% network
btes = network (fluids=['water’], T_unit='K’, p_unit=’'bar’, h_unit="kJ / kg’)

components

cycle_closer (’cycle closer’)

pu = pump (" pump’)

sp = splitter(’splitter’, num_out=5)

o
o°
Il oo

# bhe:

bhel = heat_exchanger_simple (' BHE1'
bhe2 = heat_exchanger_simple (' BHE2’)
bhe3 = heat_exchanger_simple (' BHE3')
bhed4 = heat_exchanger_simple (' BHE4')
bhe5 = heat_exchanger_simple (' BHE5')
mg = merge ('merge’, num_in=5)

cons = heat_exchanger_simple (’ consumer’)

## components paramerization

# pump

# flow_char

# provide volumetric flow in m"3 / s
x = np.array ([2.77778E-06,
5.83333E-05,
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.000113889,
.000169444,
.000222222,
.000283333,
.000336111,
.000383333,
.000422222,
.000447222,
.000505556,
.000558333,
.000611111,
.000669444,
.000725,
.000780556,
.000836111,
.000891667,
00095,
.001002778,
.001061111,
.001119445,
.001169445,
.001227778,
.001280556,
.001308333,

0000000000000 OOO0OOOOOOO OO

provide head in Pa
= np.array([3.6081,
.5672,

SRR RPRPRPRPLDUDUODOOOOONDWWWWWWNWWWwWwwwK #
<}
a
o
=

char = char_line(x=x, y=y)

pu.set_attr (flow_char=dc_cc (func=char,

pu.set_attr(eta_s=0.9)

# bhes
bhel.set_attr (D
bhe2.set_attr (D
bhe3.set_attr (D
(D
(D

bhed.set_attr
bhe5.set_attr

.032, L=242,

# consumer
cons.set_attr (pr=0.32)
# consumer heat demand
cons.set_attr (Q=-19215
) *# W

# %% connections

fc_pu = connection(fc, 'outl’, pu,
pu_sp = connection(pu, "outl’, sp,

sp_bhel = connection(sp, ’outl’
sp_bhe2 = connection(sp, 'out2’,

sp_bhe3 = connection(sp, 'out3’,
sp_bhe4 = connection(sp, 'out4d’,
sp_bhe5 = connection(sp, 'outb5’,

=0.040, L=238, ks=0.

bhel,
bhe2,
bhe3,
bhed,
bhe5,

bhel_mg = connection(bhel, ’‘outl’, mg,
bhe2_mg = connection(bhe2, ’‘outl’, mg,
bhe3_mg = connection(bhe3, ’outl’, mg,
bhe4_mg = connection(bhed4, ’outl’, mg,
bhe5_mg = connection (bhe5, ’outl’, mg,

mg_cons = connection(mg, ’outl’

cons,

cons_fc = connection(cons, ’‘outl’, fc,

is_set=True))

0.025, L=55, ks=0.00001)
0.032, L=100, ks=0.
0.032, L=242, ks=0.

00001)
00001)
.00001)
00001)

rinl’)
inl’")
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btes.add_conns (fc_pu, pu_sp, sp_bhel, sp_bhe2, sp_bhe3, sp_bhed, sp_bhe5,

bhe3_mg, bhed4_mg,bhe5_mg , mg_cons, cons_fc)

## connection parametrization
# system inlet
fc_pu.set_attr(p=1, fluid={’water’: 1})

# for BHEs:
# Tout:

bhel_mg.set_attr (T=289.5
bhe2_mg.set_attr (T=292)
bhe3_mg.set_attr (T=293)
bhe4_mg.set_attr (T=293)
bhe5_mg.set_attr (T=293)

# %% solve
btes.solve (’design’)
#btes.print_results ()

%% save to csv:
tes.save (' tespy_nw_closedloop’)

o =

82

bhel_mg,

bhe2_mg,



INapaptnpa B’

IIpocopoicwon oe Asttoupyia Ppusng

e Kupio extedéopo apxeio OpenGeoSys

<?xml version="1.0" encoding="IS0-8859-1"?>
<OpenGeoSysProject>
<mesh>kape.vtu</mesh>
<geometry>kape.gml</geometry>
<python_script>bcs_tespy_closedloop.py</python_script>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEl</process_variable>
<process_variable>temperature_BHE2</process_variable>
<process_variable>temperature_BHE3</process_variable>
<process_variable>temperature_BHE4</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>1U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperaturefcurve>inflowftemperature</temperaturefcurve>
</flow_and_temperature_control>
<borehole>
<length>15.0</length>
<diameter>0.404</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>920.0</heat_capacity>
<thermal_conductivity>0.41</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_ conductivity>0.42</wall_thermal_ conductivity>
</outlet>
<distance_between_pipes>0.29247</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
<borehole_heat_exchanger>
<type>CXA</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
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<flow_rate>0</flow_rate>
<temperaturefcurve>inflowﬁtemperature</temperaturefcurve>
</flow_and_temperature_control>
<borehole>
<length>50.0</length>
<diameter>0.11</diameter>
</borehole>
<grout>
<density>1000</density>
<porosity>0.0</porosity>
<heat_capacity>4180</heat_capacity>
<thermal_conductivity>1</thermal_conductivity>
</grout>
<pipes>
<outer>
<diameter> 0.076</diameter>
<wall_thickness>0.0045</wall_thickness>
<wall_thermal_conductivity>1.6</wall_thermal_conductivity>
</outer>
<inner>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.43</wall_thermal_conductivity>
</inner>

<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>

</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.00114</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.598</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
<borehole_heat_exchanger>
<type>2U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>121.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.0756</distance_between_pipes>

<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>

</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
<borehole_heat_exchanger>
<type>1U</type>
<use_bhe_pipe_network>true</use_bhe_pipe_network>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>0</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>119.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
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<pipes>
<inlet>
<diameter> 0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.0948</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>293</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
</processes>
<media>
<medium id="0">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
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<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="2">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
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<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4200</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>2500</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2700</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.17</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.6</value>
</property>
<property>

<name>thermal_longitudinal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
<property>

<name>thermal_transversal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="3">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4157</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
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<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>750</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2680</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1000</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2500</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.1</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.965</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">
<nonlinear_solver>basic_picard</nonlinear_solver>
<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>l.e-5</reltol>
</convergence_criterion>
<time_discretization><type>BackwardEuler</type></time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>

<!-- use the following for full simulation
<t_end> 15552000 </t_end>
-—>
<t_end> 4200 </t_end>
<timesteps>
<!-- use the following for full simulation

<pair><repeat>10</repeat><delta_t>720</delta_t></pair>
<pair><repeat>4</repeat><delta_t>3600</delta_t></pair>
<pair><repeat>1</repeat><delta_t>10800</delta_t></pair>
——>
<pair>
<repeat>70</repeat>
<delta_t>60</delta_t>
</pair>
</timesteps>
</time_stepping>
</process>
</processes>
<output>
<type>VTK</type>
<prefix>4bhesKAPE</prefix>
<timesteps>
<!-- use the following for full simulation
<pair><repeat> 1l</repeat><each_steps> 92 </each_steps></pair>
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<pair><repeat> 1</repeat><each_steps> 80 </each_steps></pair>
-—>
<pair>
<repeat> 1 </repeat>
<each_steps> 1 </each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHEl</variable>
<variable>temperature_BHE2</variable>
<variable>temperature_BHE3</variable>
<variable>temperature_BHE4</variable>
</variables>
<suffix>_ts_{:timestep}_t_{:time}</suffix>
</output>
</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<values>303</values>
</parameter>
<parameter>
<name>T0_BHE1</name>
<type>Constant</type>
<values>301 301 301 301</values>
</parameter>
<parameter>
<name>T0_BHE2</name>
<type>Constant</type>
<values>301 301 301</values>
</parameter>
<parameter>
<name>T0_BHE3</name>
<type>Constant</type>
<values>301 301 301 301 301 301 301 301</values>
</parameter>
<parameter>
<name>T0_BHE4</name>
<type>Constant</type>
<values>301 301 301 301</values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperature_soil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
<boundary_conditions>
<boundary_condition>
<geometrical_set>adrikos.gli</geometrical_set>
<geometry>top</geometry>
<type>Dirichlet</type>
<parameter>TO0</parameter>
</boundary_condition>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHE1l</name>
<components>4</components>
<order>1</order>
<initial_condition>T0_BHEl</initial_condition>
</process_variable>
<process_variable>
<name>temperature_BHE2</name>
<components>3</components>
<order>1</order>
<initial_condition>TO0_BHE2</initial_condition>
</process_variable>
<process_variable>
<name>temperature_BHE3</name>
<components>8</components>
<order>1</order>
<initial_condition>TO0_BHE3</initial_condition>
</process_variable>
<process_variable>
<name>temperature_BHE4</name>
<components>4</components>
<order>1</order>
<initial_condition>T0_BHE4</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_ linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
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<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>
<parameters>-gw_ksp_type cg —gw_pc_type bjacobi -gw_ksp_rtol le-16 -gw_ksp_max_it 10000</parameters>
</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>0 4200
</coords>
<values>301 301
</values>
</curve>
</curves>
</OpenGeoSysProject>

e Apxeio ouvoplak®v cuvOnkev Python

#44

# Copyright (c) 2012-2020, OpenGeoSys Community (http://www.opengeosys.org)
# Distributed under a Modified BSD License.

# See accompanying file LICENSE.txt or

# http://www.opengeosys.org/project/license

#H#

import sys

print (sys.version)

import os

import numpy as np

from pandas import read_csv

import OpenGeoSys

from tespy.networks import load_network

# User setting +++++ tH++++++++++H+++4 tH+++ 44 tH+++++++++++++4 ++
# parameters
# refrigerant density
rho_f = 1000 # kg/m3
# switch for special boundary conditions
# switch of the function for manually specified dynamic flowrate
switch_dyn_frate = "off’ # ‘on’,’off’
# switch of the function for manually specified dynamic thermal demand
switch_dyn_demand = ’‘on’ # ’‘on’,’off’
if switch_dyn_demand == ’on’:
#give the consumer name defined by user in the network model
consumer_name = ’consumer’

# network status setting
def network_status(t):
nw_status = ‘on’
# month for closed network
timerange_nw_off_month = [] # No month for closed network
# t-1 to avoid the calculation problem at special time point,
# e.g. t = 2592000.
t_trans = int((t - 1) / 86400 / 30) + 1
t_trans_month = t_trans
if t_trans_month > 12:
t_trans_month = t_trans - 12 * (int(t_trans / 12))
if t_trans_month in timerange_nw_off_month:
nw_status = "off’
return nw_status

# dynamic consumer thermal load
def consumer_demand(t): # dynamic thermal demand from consumer
# time conversion
t_trans = int((t - 1) / 86400 / 30) + 1
if t_trans > 12:
t_trans = t_trans - 12 * (int(t_trans / 12))
# thermal demand in each month (assumed specific heat extraction ratex
# length of BHEx number of BHE)
month_demand = [
68 * 305, 68 % 305, 68 x 305, 68 x 305, 68 » 305
68 * 305, 68 % 305, 68 x 305, 68 x 305, 68 » 305
68 x 305, 68 x 305,
]

return month_demand[t_trans - 1]

# dynamic hydraulic flow rate at the network inlet
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def dyn_frate(t):
# time conversion
t_trans = int((t - 1) / 86400 / 30) + 1
if t_trans > 12:
t_trans = t_trans - 12 x (int(t_trans / 12))
# flow rate in kg / s time curve in month
month_frate = []
return month_frate[t_trans - 1]

# End User setting++ L I L L o t+++++++++++4

# create network dataframe
def create_dataframe () :
# return dataframe
df_nw = read_csv(’./pre/bhe_network.csv’,
delimiter=";",
index_col=[0],
dtype={’data_index’: str})
return (df_nw)

# TESPy calculation process
def get_tespy_results(t):
# bhe network boundary conditions re parametrization
# if network exist dynamic flowrate
if switch_dyn_frate == 'on’:
cur_frate = dyn_frate(t)
localVars([’inlet_name’].set_attr (m=cur_frate)
# if network exist dynamic thermal demand
if switch_dyn_demand == ’'on’:
# consumer thermal load:
cur_month_demand = consumer_demand (t)
nw.components [consumer_name] .set_attr (Q=cur_month_demand)
# T_out re parametrization:
for i in range (n_BHE) :

localvVars[’outlet_BHE’ + str(i + 1)].set_attr(T=df.loc[data_index[i],
' Tout_val’])

# solving network
nw.solve (mode='design’)
# get Tin_val and flow rate
for i in range (n_BHE) :
# get Tin_val
df.loc[df.index[i],
'Tin_val’] = localVars([’inlet_BHE’ +
str(i + 1)].get_attr(’'T’).val
# get flowrate
df.loc[df.index[i],
" flowrate’] = localVars[’inlet_BHE’ +

str(i + 1)].get_attr('m’).val / rho_f

return df[’/Tin_val’].tolist (), df[’'flowrate’].tolist ()

# OGS setting

# Dirichlet BCs

class BC (OpenGeoSys.BHENetwork) :

def initializeDataContainer (self):

# initialize network and get data from the network
nw.solve (mode='design’)
get_tespy_results(0)
# convert dataframe to column list

t =0 # ’initial time’

data_col_1 = df[’Tin_val’].tolist () # ’'Tin_val’

data_col_2 = df[’Tout_val’].tolist () # ’Tout_val’

data_col_3 = df[’Tout_node_id’].astype(int) .tolist () # ’Tout_node_id’
data_col_4 = df[’'flowrate’].tolist () # 'BHE flow rate’

return (t, data_col_1, data_col_2, data_col_3, data_col_4)

def tespySolver (self, t, Tin_val, Tout_val):
# network status:

nw_status = network_status (t)

# if network closed:

if nw_status == ’off’:
df.loc[:,’ flowrate’] = 0

cur_flowrate = df[’flowrate’].tolist ()
return (True, True, Tout_val, cur_flowrate)
else:

# read Tout_val to dataframe
for i in range (n_BHE) :

df.loc[df.index[1], ’Tout_val’] = Tout_vall[i]
# TESPy solver
cur_Tin_val, cur_flowrate = get_tespy_results (t)
# check norm if network achieves the converge
if_success = False
pre_Tin_val = Tin_val
norm_dx = np.linalg.norm(

abs (np.asarray (pre_Tin_val) - np.asarray(cur_Tin_val)))
norm_x = np.linalg.norm(np.asarray (cur_Tin_val)
if norm_dx/norm_x < le-6:

if_success = True
# return to OGS
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return (True, if_success, cur_Tin_val, cur_flowrate)

main

initialize the tespy model of the bhe network
load path of network model:

# loading the TESPy model

project_dir = os.getcwd()

print ("Project dir is: ", project_dir

nw = load_network (’./pre/tespy_nw_closedloop’)
# set if print the network iteration info
nw.set_attr (iterinfo=False)

EoE e

# create bhe dataframe of the network system from bhe_network.csv
df = create_dataframe (
n_BHE = np.size(df.iloc[:, 0])

# create local variables of the components label and connections label in
# network
localVars = locals ()
data_index = df.index.tolist ()
for i in range (n_BHE):
for ¢ in nw.conns.index:
# bhe inlet and outlet conns

if c.target.label == data_index[i]: # inlet conns of bhe
localVars|[’inlet_BHE’ + str(i + 1)] = ¢

if c.source.label == data_index[i]: # outlet conns of bhe
localVars|[’outlet_BHE’ + str(i + 1)] = ¢

# time depended flowrate

if switch_dyn_frate == ’on’:
# import the name of inlet connection from the network csv file
inlet_name = read_csv(’./pre/tespy_nw/connections.csv’,

delimiter=";"’,
index_col=[0]).iloc[0,0]
for ¢ in nw.conns.index:
# bhe inflow conns
if c.source.label == inlet_name: # inlet conns of bhe
localvars[’inlet_name’] = c

# instantiate BC objects referenced in OpenGeoSys
bc_bhe = BC()

e Apyeio dnpoupyiag diktuou Python

#4

# Copyright (c) 2012-2020, OpenGeoSys Community (http://www.opengeosys.org)
# Distributed under a Modified BSD License.

# See accompanying file LICENSE.txt or

# http://www.opengeosys.org/project/license

###

# Execute this file to generate TESPy network csv files

from tespy.networks import network

from tespy.connections import connection, ref

from tespy.components import source, sink, pump, splitter, merge, heat_exchanger_simple, cycle_closer
from tespy.tools import char_line, dc_cc

import numpy as np

# %% network

btes = network (fluids=[’water’], T_unit='K’, p_unit='bar’, h_unit='kJ / kg’)
# %% components

fc = cycle_closer (’cycle closer’)

pu = pump (’pump’
= splitter(’splitter’, num_out=5)

7]
kel
I

# bhe:

bhel = heat_exchanger_simple (' BHE1'
bhe2 = heat_exchanger_simple (' BHE2')
bhe3 = heat_exchanger_simple (' BHE3')
bhed4 = heat_exchanger_simple (' BHE4')
bhe5 = heat_exchanger_simple (' BHE5')

mg = merge ('merge’, num_in=5)
cons = heat_exchanger_simple (’ consumer’)

## components paramerization
pump

flow_char

provide volumetric flow in m"3 / s
= np.array([2.77778E-06,
.83333E-05,

.000113889,

.000169444,

.000222222,

.000283333,

.000336111,

O OO OO U X #*
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.000383333,
.000422222,
.000447222,
.000505556,
.000558333,
.000611111,
.000669444,
.000725,
.000780556,
.000836111,
.000891667,
00095,
.001002778,
.001061111,
.001119445,
.001169445,
.001227778,
.001280556,
.001308333,

L0000 0000O0O0OOOOOO OO O

provide head in Pa
= np.array([3.6081,
.5672,

#
y
3
3
3
3
3
3
3
3
3
3
3.
3.0561,
2
2
2
2
2
2
2
1
1
1
1
1
1
1)

char = char_line (x=x,

pu.set_attr(eta_s=0.9)

# bhes
bhel.set_attr(D=0.025, L=55, ks=0.00001)
bhe2.set_attr (D=0.032, L=100, ks=0.00001
bhe3.set_attr(D=0.032, L=242, ks=0.00001
bhed.set_attr(D=0.032, L=242, ks=0.00001
bhe5.set_attr (D=0.040, L=238, ks=0.00001
# consumer
cons.set_attr (pr=0.32)
# consumer heat demand
cons.set_attr (Q=21800) # W
# %% connections
fc_pu = connection(fc, ‘outl’, pu, ’inl’)
pu_sp = connection(pu, ‘outl’, sp, ’inl’)
sp_bhel = connection(sp, ’‘outl’, bhel, "inl’)
sp_bhe2 = connection(sp, ’‘out2’, bhe2, "inl’)
sp_bhe3 = connection(sp, ’‘out3’, bhe3, ’inl’)
sp_bhed4 = connection(sp, ’‘out4’, bhe4, "inl’)
sp_bhe5 = connection(sp, ’‘out5’, bhe5, "inl’)
bhel_mg = connection(bhel, ’outl’, mg, ’'inl’)
bhe2_mg = connection(bhe2, ’'outl’, mg, ’"in2’)
bhe3_mg = connection(bhe3, ’‘outl’, mg, ’"in3’)
bhed4_mg = connection(bhe4, ’‘outl’, mg, ’"in4’)
bhe5_mg = connection(bhe5, ’‘outl’, mg, ’'inb5’)
mg_cons = connection(mg, ‘outl’, cons, ’‘inl’
cons_fc = connection(cons, ’'outl’, fc, ’inl’
btes.add_conns (fc_pu, pu_sp, sp_bhel, sp_bhe2, sp_bhe3,
bhe3_mg, bhed4_mg,bhe5_mg , mg_cons, cons_.

y=y)
pu.set_attr (flow_char=dc_cc (func=char,

## connection parametrization

# system inlet
fc_pu.set_attr (p=1,

fluid={"water’:

1}

is_set=True))
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# for BHEs:
# Tout:

bhel_mg.set_attr (T=299)
bhe2_mg.set_attr (T=299)
bhe3_mg.set_attr (T=299)
bhed_mg.set_attr (T=299)
bhe5_mg.set_attr (T=299)

# %% solve
btes.solve (’design’)
#btes.print_results()

# %% save to csv:
btes.save (' tespy_nw_closedloop’)
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e Kupio ektedéopo apyxeio OpenGeoSys

<?xml version="1.0" encoding="ISO-8859-1"?>
<OpenGeoSysProject>
<mesh>TRT1.vtu</mesh>
<geometry>TRT1.gml</geometry>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEO</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>1U</type>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>4.9333e-4</flow_rate>
<temperaturefcurve>inflowftemperature</temperaturefcurve>
</flow_and_temperature_control>
<borehole>
<length>119.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.040</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_ conductivity>0.49</wall_thermal_ conductivity>
</outlet>
<distance_between_pipes>0.0948</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>20</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
</processes>
<media>
<medium id="0">
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<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
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<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>

<value>0</value>
</property>
</properties>
</medium>
<medium id="2">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4200</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>

<name>specific_heat_capacity</name>
<type>Constant</type>
<value>2500</value>

</property>

<property>
<name>density</name>
<type>Constant</type>
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<value>2700</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.17</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.6</value>
</property>
<property>

<name>thermal_longitudinal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
<property>

<name>thermal_transversal_dispersivity</name>

<type>Constant</type>

<value>0</value>
</property>
</properties>
</medium>
<medium id="3">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4157</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>750</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2680</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>

<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1000</value>

</property>

<property>
<name>density</name>
<type>Constant</type>
<value>2500</value>
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</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.1</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.965</value>
</property>
<property>

<name>thermal_longitudinal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
<property>

<name>thermal_transversal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">

<nonlinear_solver>basic_picard</nonlinear_solver>

<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>le-10</reltol>
</convergence_criterion>
<time_discretization>
<type>BackwardEuler</type>
</time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>
<t_end> 322800</t_end>
<timesteps>
<pair>
<repeat>538</repeat>
<delta_t>600</delta_t>
</pair>
</timesteps>
</time_stepping>
</process>
</processes>
<output>
<type>VTK</type>
<prefix>beierlU</prefix>
<timesteps>
<pair>
<repeat> 1</repeat>
<each_steps> 1 </each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHE(O</variable>
</variables>
</output>
</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<value>24.65</value>
</parameter>
<parameter>
<name>T0_BHEO</name>
<type>Constant</type>
<values>27.06 23.6 25.33 25.33</values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperature_soil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
<boundary_conditions>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHE0</name>
<components>4</components>
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<order>1</order>
<initial_condition>TO0_BHEO</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>
<parameters>-gw_ksp_type cg -gw_pc_type bjacobi -gw_ksp_rtol le-16 -gw_ksp_max_it 10000</parameters>
</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>600
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37200
37800
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40200
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88800
89400
90000
90600
91200
91800
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92400

93000

93600

94200

94800

95400

96000

96600

97200

97800

98400

99000

99600

100200
100800
101400
102000
102600
103200
103800
104400
105000
105600
106200
106800
107400
108000
108600
109200
109800
110400
111000
111600
112200
112800
113400
114000
114600
115200
115800
116400
117000
117600
118200
118800
119400
120000
120600
121200
121800
122400
123000
123600
124200
124800
125400
126000
126600
127200
127800
128400
129000
129600
130200
130800
131400
132000
132600
133200
133800
134400
135000
135600
136200
136800
137400
138000
138600
139200
139800
140400
141000
141600
142200
142800
143400
144000
144600
145200
145800
146400
147000
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147600
148200
148800
149400
150000
150600
151200
151800
152400
153000
153600
154200
154800
155400
156000
156600
157200
157800
158400
159000
159600
160200
160800
161400
162000
162600
163200
163800
164400
165000
165600
166200
166800
167400
168000
168600
169200
169800
170400
171000
171600
172200
172800
173400
174000
174600
175200
175800
176400
177000
177600
178200
178800
179400
180000
180600
181200
181800
182400
183000
183600
184200
184800
185400
186000
186600
187200
187800
188400
189000
189600
190200
190800
191400
192000
192600
193200
193800
194400
195000
195600
196200
196800
197400
198000
198600
199200
199800
200400
201000
201600
202200
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202800
203400
204000
204600
205200
205800
206400
207000
207600
208200
208800
209400
210000
210600
211200
211800
212400
213000
213600
214200
214800
215400
216000
216600
217200
217800
218400
219000
219600
220200
220800
221400
222000
222600
223200
223800
224400
225000
225600
226200
226800
227400
228000
228600
229200
229800
230400
231000
231600
232200
232800
233400
234000
234600
235200
235800
236400
237000
237600
238200
238800
239400
240000
240600
241200
241800
242400
243000
243600
244200
244800
245400
246000
246600
247200
247800
248400
249000
249600
250200
250800
251400
252000
252600
253200
253800
254400
255000
255600
256200
256800
257400
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258000
258600
259200
259800
260400
261000
261600
262200
262800
263400
264000
264600
265200
265800
266400
267000
267600
268200
268800
269400
270000
270600
271200
271800
272400
273000
273600
274200
274800
275400
276000
276600
277200
277800
278400
279000
279600
280200
280800
281400
282000
282600
283200
283800
284400
285000
285600
286200
286800
287400
288000
288600
289200
289800
290400
291000
291600
292200
292800
293400
294000
294600
295200
295800
296400
297000
297600
298200
298800
299400
300000
300600
301200
301800
302400
303000
303600
304200
304800
305400
306000
306600
307200
307800
308400
309000
309600
310200
310800
311400
312000
312600
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313200
313800
314400
315000
315600
316200
316800
317400
318000
318600
319200
319800
320400
321000
321600
322200

322800</coords>

<values>19.84
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36.36
36.4
36.43</values>
</curve>
</curves>
</OpenGeoSysProject>
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<?xml version="1.0" encoding="ISO-8859-1"?>
<OpenGeoSysProject>
<mesh>TRT.vtu</mesh>
<geometry>TRT.gml</geometry>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEO</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>2U</type>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>2.375e-4</flow_rate>
<temperaturefcurve>inflowftemperature</temperaturefcurve>
</flow_and_temperature_control>
<borehole>
<length>121.0</length>
<diameter>0.1651</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>1460.0</heat_capacity>
<thermal_conductivity>2</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.49</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_ conductivity>0.49</wall_thermal_ conductivity>
</outlet>
<distance_between_pipes>0.0756</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>20</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
</processes>
<media>
<medium id="0">
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<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
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<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>

<value>0</value>
</property>
</properties>
</medium>
<medium id="2">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4200</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>

<name>specific_heat_capacity</name>
<type>Constant</type>
<value>2500</value>

</property>

<property>
<name>density</name>
<type>Constant</type>
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<value>2700</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.17</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.6</value>
</property>
<property>

<name>thermal_longitudinal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
<property>

<name>thermal_transversal_dispersivity</name>

<type>Constant</type>

<value>0</value>
</property>
</properties>
</medium>
<medium id="3">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4157</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>750</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2680</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>

<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1000</value>

</property>

<property>
<name>density</name>
<type>Constant</type>
<value>2500</value>
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</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.1</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.965</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">
<nonlinear_solver>basic_picard</nonlinear_solver>
<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>le-10</reltol>
</convergence_criterion>
<time_discretization>
<type>BackwardEuler</type>
</time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>

<!-- use the following for full simulation

<t_end> 186420 </t_end>

—-—>

<t_end> 259800</t_end>

<timesteps>
<!-- use the following for full simulation
<pair><repeat>3107</repeat><delta_t>60</delta_t></pair>
-—>
<pair>

<repeat>433</repeat>
<delta_t>600</delta_t>
</pair>
</timesteps>
</time_stepping>
</process>
</processes>
<output>
<type>VTK</type>
<prefix>beier2u</prefix>
<timesteps>
<pair>
<repeat> 1</repeat>
<each_steps> 1 </each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHEO</variable>
</variables>
</output>
</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<value>21.63</value>
</parameter>
<parameter>
<name>T0_BHEO</name>
<type>Constant</type>
<values> 24.12 24.12 20.49 20.49 22.3 22.3 22.3 22.3</values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperaturefsoil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
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<boundary_conditions>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHEO</name>
<components>8</components>
<order>1</order>
<initial_condition>TO0_BHEO</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>
<parameters>-gw_ksp_type cg —gw_pc_type bjacobi -gw_ksp_rtol le-16 —-gw_ksp_max_it 10000</parameters>
</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>600
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33600
34200
34800
35400
36000
36600
37200
37800
38400
39000
39600
40200
40800
41400
42000
42600
43200
43800
44400
45000
45600
46200
46800
47400
48000
48600
49200
49800
50400
51000
51600
52200
52800
53400
54000
54600
55200
55800
56400
57000
57600
58200
58800
59400
60000
60600
61200
61800
62400
63000
63600
64200
64800
65400
66000
66600
67200
67800
68400
69000
69600
70200
70800
71400
72000
72600
73200
73800
74400
75000
75600
76200
76800
77400
78000
78600
79200
79800
80400
81000
81600
82200
82800
83400
84000
84600
85200
85800
86400
87000
87600
88200
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88800

89400

90000

90600

91200

91800

92400

93000

93600

94200

94800

95400

96000

96600

97200

97800

98400

99000

99600

100200
100800
101400
102000
102600
103200
103800
104400
105000
105600
106200
106800
107400
108000
108600
109200
109800
110400
111000
111600
112200
112800
113400
114000
114600
115200
115800
116400
117000
117600
118200
118800
119400
120000
120600
121200
121800
122400
123000
123600
124200
124800
125400
126000
126600
127200
127800
128400
129000
129600
130200
130800
131400
132000
132600
133200
133800
134400
135000
135600
136200
136800
137400
138000
138600
139200
139800
140400
141000
141600
142200
142800
143400
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144000
144600
145200
145800
146400
147000
147600
148200
148800
149400
150000
150600
151200
151800
152400
153000
153600
154200
154800
155400
156000
156600
157200
157800
158400
159000
159600
160200
160800
161400
162000
162600
163200
163800
164400
165000
165600
166200
166800
167400
168000
168600
169200
169800
170400
171000
171600
172200
172800
173400
174000
174600
175200
175800
176400
177000
177600
178200
178800
179400
180000
180600
181200
181800
182400
183000
183600
184200
184800
185400
186000
186600
187200
187800
188400
189000
189600
190200
190800
191400
192000
192600
193200
193800
194400
195000
195600
196200
196800
197400
198000
198600
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199200
199800
200400
201000
201600
202200
202800
203400
204000
204600
205200
205800
206400
207000
207600
208200
208800
209400
210000
210600
211200
211800
212400
213000
213600
214200
214800
215400
216000
216600
217200
217800
218400
219000
219600
220200
220800
221400
222000
222600
223200
223800
224400
225000
225600
226200
226800
227400
228000
228600
229200
229800
230400
231000
231600
232200
232800
233400
234000
234600
235200
235800
236400
237000
237600
238200
238800
239400
240000
240600
241200
241800
242400
243000
243600
244200
244800
245400
246000
246600
247200
247800
248400
249000
249600
250200
250800
251400
252000
252600
253200
253800
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254400
255000
255600
256200
256800
257400
258000
258600
259200

259800</coords>

<values>19.63
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33.67</values>
</curve>
</curves>
</OpenGeoSysProject>

127



128



INapaptnpa E’

IIpoocopoiwon doxipng deppuikrng
AMOKP10NG YEWEVAAAAKTY
O10a$oVvikoU TUMOouU

e Kup1io ektedéopo apyxeio OpenGeoSys

<?xml version="1.0" encoding="ISO-8859-1"?2>
<OpenGeoSysProject>
<mesh>TRT2.vtu</mesh>
<geometry>TRT2.gml</geometry>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEO</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>CXA</type>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>5.7778e-4</flow_rate>
<temperature_curve>inflow_temperature</temperature_curve>
</flow_and_temperature_control>
<borehole>
<length>50.0</length>
<diameter>0.11</diameter>
</borehole>
<grout>
<density>1000</density>
<porosity>0.0</porosity>
<heat_capacity>4180</heat_capacity>
<thermal_conductivity>1</thermal_conductivity>
</grout>
<pipes>
<outer>
<diameter> 0.076</diameter>
<wall_thickness>0.0045</wall_thickness>
<wall_thermal_conductivity>1.6</wall_thermal conductivity>
</outer>
<inner>
<diameter>0.032</diameter>
<wall_thickness>0.0029</wall_thickness>
<wall_thermal_conductivity>0.43</wall_thermal_conductivity>
</inner>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.00114</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.598</thermal_conductivity>
<reference_temperature>20</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
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</processes>
<media>
<medium id="0">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
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</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>

<name>thermal_longitudinal_dispersivity</name>

<type>Constant</type>
<value>0</value>
</property>
<property>

<name>thermal_transversal_dispersivity</name>

<type>Constant</type>

<value>0</value>
</property>
</properties>
</medium>
<medium id="2">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>4200</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1000</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>

<name>specific_heat_capacity</name>
<type>Constant</type>
<value>2500</value>

</property>
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<property>
<name>density</name>
<type>Constant</type>
<value>2700</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.17</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>2.6</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">
<nonlinear_solver>basic_picard</nonlinear_solver>
<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>le-10</reltol>
</convergence_criterion>
<time_discretization>
<type>BackwardEuler</type>
</time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>
<!-— use the following for full simulation
<t_end> 186420 </t_end>
—-—>
<t_end> 258600</t_end>
<timesteps>
<!-- use the following for full simulation
<pair><repeat>3107</repeat><delta_t>60</delta_t></pair>
-—>
<pair>
<repeat>431</repeat>
<delta_t>600</delta_t>
</pair>
</timesteps>
</time_stepping>
</process>
</processes>
<output>
<type>VTK</type>
<prefix>beierCXA</prefix>
<timesteps>
<pair>
<repeat> 1</repeat>
<each_steps> 1 </each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHE(O</variable>
</variables>
</output>
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</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<value>22.91</value>
</parameter>
<parameter>
<name>T0_BHEO</name>
<type>Constant</type>
<values>23.78 22.04 22.91</values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperature_soil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
<boundary_conditions>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHE0</name>
<components>3</components>
<order>1</order>
<initial_condition>T0_BHEO</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>

<parameters>-gw_ksp_type cg -gw_pc_type bjacobi -gw_ksp_rtol le-16 -gw_ksp_max_it 10000</parameters>

</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>600
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22200
22800
23400
24000
24600
25200
25800
26400
27000
27600
28200
28800
29400
30000
30600
31200
31800
32400
33000
33600
34200
34800
35400
36000
36600
37200
37800
38400
39000
39600
40200
40800
41400
42000
42600
43200
43800
44400
45000
45600
46200
46800
47400
48000
48600
49200
49800
50400
51000
51600
52200
52800
53400
54000
54600
55200
55800
56400
57000
57600
58200
58800
59400
60000
60600
61200
61800
62400
63000
63600
64200
64800
65400
66000
66600
67200
67800
68400
69000
69600
70200
70800
71400
72000
72600
73200
73800
74400
75000
75600
76200
76800
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77400
78000
78600
79200
79800
80400
81000
81600
82200
82800
83400
84000
84600
85200
85800
86400
87000
87600
88200
88800
89400
90000
90600
91200
91800
92400
93000
93600
94200
94800
95400
96000
96600
97200
97800
98400
99000
99600
100200
100800
101400
102000
102600
103200
103800
104400
105000
105600
106200
106800
107400
108000
108600
109200
109800
110400
111000
111600
112200
112800
113400
114000
114600
115200
115800
116400
117000
117600
118200
118800
119400
120000
120600
121200
121800
122400
123000
123600
124200
124800
125400
126000
126600
127200
127800
128400
129000
129600
130200
130800
131400
132000
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132600
133200
133800
134400
135000
135600
136200
136800
137400
138000
138600
139200
139800
140400
141000
141600
142200
142800
143400
144000
144600
145200
145800
146400
147000
147600
148200
148800
149400
150000
150600
151200
151800
152400
153000
153600
154200
154800
155400
156000
156600
157200
157800
158400
159000
159600
160200
160800
161400
162000
162600
163200
163800
164400
165000
165600
166200
166800
167400
168000
168600
169200
169800
170400
171000
171600
172200
172800
173400
174000
174600
175200
175800
176400
177000
177600
178200
178800
179400
180000
180600
181200
181800
182400
183000
183600
184200
184800
185400
186000
186600
187200
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187800
188400
189000
189600
190200
190800
191400
192000
192600
193200
193800
194400
195000
195600
196200
196800
197400
198000
198600
199200
199800
200400
201000
201600
202200
202800
203400
204000
204600
205200
205800
206400
207000
207600
208200
208800
209400
210000
210600
211200
211800
212400
213000
213600
214200
214800
215400
216000
216600
217200
217800
218400
219000
219600
220200
220800
221400
222000
222600
223200
223800
224400
225000
225600
226200
226800
227400
228000
228600
229200
229800
230400
231000
231600
232200
232800
233400
234000
234600
235200
235800
236400
237000
237600
238200
238800
239400
240000
240600
241200
241800
242400
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243000
243600
244200
244800
245400
246000
246600
247200
247800
248400
249000
249600
250200
250800
251400
252000
252600
253200
253800
254400
255000
255600
256200
256800
257400

258600</coords>

<values>22.62
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37.09213187
37.11013573
37.1281396
37.14614346
37.16414733
37.18215119
37.20015506
37.21815892
37.23616278
37.25416665
37.27217051
37.29017438
37.30817824
37.32618211
37.34418597
37.36218984
37.3801937
37.39819757
37.41620143
37.43420529
37.45220916
37.47021302
37.48821689
37.50622075
37.52422462
37.54222848
37.56023235
37.57823621
37.59624008
37.61424394
37.6322478
37.65025167
37.66825553
37.6862594
37.70426326
37.72226713
37.74027099
37.75827486
37.77627872
37.79428259
37.81228645
37.83029031
37.84829418
37.86629804
37.88430191
37.90230577
37.92030964
37.9383135
37.95631737
37.97432123
37.9923251
38.01032896
38.02833282
38.04633669
38.06434055
38.08234442
38.10034828
38.11835215
38.13635601
38.15435988
38.17236374
38.1903676
38.20837147
38.22637533
38.2443792</values>
</curve>
</curves>
</OpenGeoSysProject>
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<?xml version="1.0" encoding="ISO-8859-1"?>
<OpenGeoSysProject>
<mesh>TRT3.vtu</mesh>
<geometry>TRT3.gml</geometry>
<processes>
<process>
<name>HeatTransportBHE</name>
<type>HEAT_TRANSPORT_BHE</type>
<integration_order>2</integration_order>
<process_variables>
<process_variable>temperature_soil</process_variable>
<process_variable>temperature_BHEO</process_variable>
</process_variables>
<borehole_heat_exchangers>
<borehole_heat_exchanger>
<type>1U</type>
<flow_and_temperature_control>
<type>TemperatureCurveConstantFlow</type>
<flow_rate>2.797e-4</flow_rate>
<temperaturefcurve>inflowﬁtemperature</temperature7curve>
</flow_and_temperature_control>
<borehole>
<length>15</length>
<diameter>0.40005</diameter>
</borehole>
<grout>
<density>1655.0</density>
<porosity>0.0</porosity>
<heat_capacity>920.0</heat_capacity>
<thermal_conductivity>0.41</thermal_conductivity>
</grout>
<pipes>
<inlet>
<diameter> 0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_ conductivity>0.42</wall_thermal_conductivity>
</inlet>
<outlet>
<diameter>0.025</diameter>
<wall_thickness>0.0037</wall_thickness>
<wall_thermal_conductivity>0.42</wall_thermal_conductivity>
</outlet>
<distance_between_pipes>0.29247</distance_between_pipes>
<longitudinal_dispersion_length>0.001</longitudinal_dispersion_length>
</pipes>
<refrigerant>
<density>1000</density>
<viscosity>0.001</viscosity>
<specific_heat_capacity>4138.0</specific_heat_capacity>
<thermal_conductivity>0.606</thermal_conductivity>
<reference_temperature>20</reference_temperature>
</refrigerant>
</borehole_heat_exchanger>
</borehole_heat_exchangers>
</process>
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</processes>
<media>
<medium id="0">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>1600</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>2100</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.4</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>1</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
<medium id="1">
<phases>
<phase>
<type>AqueousLiquid</type>
<properties>
<property>
<name>phase_velocity</name>
<type>Constant</type>
<value>0 0 0</value>
</property>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>0</value>
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</property>
<property>
<name>density</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</phase>
<phase>
<type>Solid</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>3400</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1200</value>
</property>
</properties>
</phase>
<phase>
<type>Gas</type>
<properties>
<property>
<name>specific_heat_capacity</name>
<type>Constant</type>
<value>718</value>
</property>
<property>
<name>density</name>
<type>Constant</type>
<value>1292</value>
</property>
</properties>
</phase>
</phases>
<properties>
<property>
<name>porosity</name>
<type>Constant</type>
<value>0.2</value>
</property>
<property>
<name>thermal_conductivity</name>
<type>Constant</type>
<value>3.5</value>
</property>
<property>
<name>thermal_longitudinal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
<property>
<name>thermal_transversal_dispersivity</name>
<type>Constant</type>
<value>0</value>
</property>
</properties>
</medium>
</media>
<time_loop>
<processes>
<process ref="HeatTransportBHE">
<nonlinear_solver>basic_picard</nonlinear_solver>
<convergence_criterion>
<type>DeltaX</type>
<norm_type>NORM2</norm_type>
<reltol>le-10</reltol>
</convergence_criterion>
<time_discretization>
<type>BackwardEuler</type>
</time_discretization>
<time_stepping>
<type>FixedTimeStepping</type>
<t_initial> 0.0 </t_initial>

<!-- use the following for full simulation

<t_end> 186420 </t_end>

—-—>

<t_end> 608400</t_end>

<timesteps>
<!-- use the following for full simulation
<pair><repeat>3107</repeat><delta_t>60</delta_t></pair>
-—>
<pair>

<repeat>169</repeat>
<delta_t>3600</delta_t>
</pair>
</timesteps>
</time_stepping>
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</process>
</processes>
<output>
<type>VTK</type>
<prefix>beier_sandHeliCoidal</prefix>
<timesteps>
<pair>
<repeat> 1</repeat>
<each_steps> 1</each_steps>
</pair>
</timesteps>
<variables>
<variable>temperature_soil</variable>
<variable>temperature_BHE(O</variable>
</variables>
</output>
</time_loop>
<parameters>
<parameter>
<name>T0</name>
<type>Constant</type>
<value>22.18</value>
</parameter>
<parameter>
<name>T0_BHEO</name>
<type>Constant</type>
<values>22.18 22.18 22.18 22.18 </values>
</parameter>
</parameters>
<process_variables>
<process_variable>
<name>temperature_soil</name>
<components>1</components>
<order>1</order>
<initial_condition>T0</initial_condition>
<boundary_conditions>
</boundary_conditions>
</process_variable>
<process_variable>
<name>temperature_BHEO</name>
<components>4</components>
<order>1</order>
<initial_condition>TO0_BHEO</initial_condition>
</process_variable>
</process_variables>
<nonlinear_solvers>
<nonlinear_solver>
<name>basic_picard</name>
<type>Picard</type>
<max_iter>100</max_iter>
<linear_solver>general_linear_solver</linear_solver>
</nonlinear_solver>
</nonlinear_solvers>
<linear_solvers>
<linear_solver>
<name>general_linear_solver</name>
<lis>-i cg -p jacobi -tol le-16 -maxiter 10000</lis>
<eigen>
<solver_type>BiCGSTAB</solver_type>
<precon_type>ILUT</precon_type>
<max_iteration_step>1000</max_iteration_step>
<error_tolerance>le-16</error_tolerance>
</eigen>
<petsc>
<prefix>gw</prefix>
<parameters>-gw_ksp_type cg —gw_pc_type bjacobi -gw_ksp_rtol le-16 —-gw_ksp_max_it 10000</parameters>
</petsc>
</linear_solver>
</linear_solvers>
<curves>
<curve>
<name>inflow_temperature</name>
<coords>3600
7200
10800
14400
18000
21600
25200
28800
32400
36000
39600
43200
46800
50400
54000
57600
61200
64800
68400
72000
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75600

79200

82800

86400

90000

93600

97200

100800
104400
108000
111600
115200
118800
122400
126000
129600
133200
136800
140400
144000
147600
151200
154800
158400
162000
165600
169200
172800
176400
180000
183600
187200
190800
194400
198000
201600
205200
208800
212400
216000
219600
223200
226800
230400
234000
237600
241200
244800
248400
252000
255600
259200
262800
266400
270000
273600
277200
280800
284400
288000
291600
295200
298800
302400
306000
309600
313200
316800
320400
324000
327600
331200
334800
338400
342000
345600
349200
352800
356400
360000
363600
367200
370800
374400
378000
381600
385200
388800
392400
396000
399600
403200
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406800
410400
414000
417600
421200
424800
428400
432000
435600
439200
442800
446400
450000
453600
457200
460800
464400
468000
471600
475200
478800
482400
486000
489600
493200
496800
500400
504000
507600
511200
514800
518400
522000
525600
529200
532800
536400
540000
543600
547200
550800
554400
558000
561600
565200
568800
572400
576000
579600
583200
586800
590400
594000
597600
601200
604800
608400</coords>
<values>25.49
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56.27</values>
</curve>
</curves>
</OpenGeoSysProject>
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