Rezumatul tezei : Imbunititirea eficientei energetice a
cladirilor, utilizand surse regenerabile de energie

CONDUCATOR DE DOCTORAT:
Prof.univ.dr. Nicolae VASILE
DOCTORAND :
Ionut CRAIU

1 » Stadiul actual privind exploatarea energiilor regenerabile

1 . 1 » Analiza aprofundata a surselor de energie regenerabila

Enerqia regenerabild, energie curatd, energie ce provine din surse naturale
sau procese care sunt alimentate Tn mod constant de ciclurile naturii, cicluri ce
exprimd o realitate indubitabild: o planeta plina de energie redata sub multe
forme. In aceasti tezd am prezentat sursele de energie regenerabila si aplicatiile
acestor, in cladiri eficientizate energetic.

Tn capitolul 1 am prezentat stadiul actual al energiilor produse de planeta
noastra, permanent si gratuit, energii inepuizabile si la indemana, neexploatarea
acestora reprezentand o slabiciune, un pacat.

Legislatia actuala a Uniunii Europene da posibilitatea dezvoltarii pe ntreg
mapanondul, a tehnologiilor pentru extragerea energiilor regenerabile prin
sustinerea financiard a investitiilor in construirea de noi centrale energetice care sa
exploateze aceste tipuri de energie nelimitatd si nepoluanta. Aceasta orientare a
preocuparilor tehnice a accelerat cercetarea si inovarea in acest sens.
1)Energia solara se refera la utilizarea energiei din soare. Prin instalarea panourilor
termosolare si a celor fotovoltaice se pot obtine energie termica si/sau electricitate.
Energia solara este o sursa de energie regenerabild, deoarece energia soarelui este
consideratd inepuizabila pentru momentul de fatd. Cantitatea de energie solard
receptatd de Pamant este de zece mii de ori mai mare decat cea consumata pe zi pe
toate continentele.
a)Caldura solara este o componenta degajata a energiei solare, fapt pentru care este
initulata energie termosolard. Concentrarea energiei termosolare este posibila gratie
faptului ca radiatia solard are o componenta ghidabila prin unda luminoasa ce
suportd reflectivitate, astfel ca energia termica devine o marime fizica cumulativa
intr-un spatiu restrans, determinand aparitia unui concentrator energetic extragand
energia solard concentrata (ESC).




Sistemele ESC se bazeaza pe existenta heliostatelor fara de care captarea
pentru concentrarea luminii solare nu ar fi posibila, pe un obiect fizic, indepartat de
heliostat, tangibil pe o anumita directie in spatiu, ce poarta numele de concentrator
solar fix si pe sistemele de stocare a energiei.
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Figura 1. Sistem ESC

b)Energia fotovoltaica, o alta componentd a energiei solare, transforma direct
radiatia solara in electricitate folosind panouri formate din celule semiconductoare.
Aceste echipamente individualizate, destinate persoanelor fizice sau comunitatilor
mici, sunt panourile fotovoltaice, care, desi au un randament centrat pe valoarea de
20%, pot genera cantitati considerabile de energie electricd pentru consum,fiind o
energie gratuitd si la indemana.

2) Energia eoliand, reprezinta puterea unei resurse regenerabile, precum vantul, ce
este transformata in electricitate. Utilizarea vantului necesita instalarea de parcuri
eoliene, fie pe uscat, fie pe mare, cu zeci de turbine eoliene. Radiatiile solare, deci
tot Soarele, nu afecteaza intreaga suprafata a Pamantului in mod egal determinand
zone ce se incalzesc mai mult decat altele, se produc miscarile aerului, care se
incalzeste inegal, generand vintul. Energia cinetica a acestuia pune in miscare
turbinele eoliene dirijate pe directia curentilor de aer, generatoarele primesc energia
de rotatie si produc energie electrica.

Energia eoliana poate fi utilizatd in cogenerare cu alte energii, atunci cand nu
straluceste soarele, ar putea bate vantul, sau se produce energie cu ajutorul lacurilor
de acumulare artificiale, incarcate cu apa in perioade de varf de productie energetic.
Parcurile eoliene folosesc energia eoliana de la inaltime sau de pe suprafetele
marilor, astfel pamantul putand fi utilizat pentru agricultura sau zootehnie.

3) Energia oceanelor se refera la cantitatile uriase de oscilatii proprii apelor marilor
si oceanelor. Energiile mecanice descatusate prin aceste miscarii ondulatorii, sunt
imense si pot fi caracterizate de atributul inepuizabile. Oceanele si marile cuprind



un procent de aproximativ 70% din suprafata planetara, practic o sursa de energie
continud, cu manifestare neincetata pe tot parcursul a 24 de ore. Sunt delimitate trei
tipuri principale de energie a oceanelor, cu referire la valuri, maree si termicitate,
incadrate fara echivoc la capitolul energii regenerabile.

a)Energia Valurilor Oceanului (Ocean Wave Energy) este un alt tip de sursa de
energie regenerabild bazatd pe miscdrile naturale ale oceanului, care foloseste
puterea valurilor pentru a genera energie electrica. Diferentele de temperatura ale
maselor de aer de pe glob fac ca aerul sa se deplaseze de la regiunile mai calde la
cele mai reci, ceea ce conduce la aparitia vanturilor producatoare de valuri la
suprafata apei oceanice. Altfel spus, oceanul ar putea fi privit ca un vast colector
de stocare a energiei transferate de soare in oceane, unde undele/valurile devin
mijloc de transport al energiei cinetice rezultate la suprafata oceanelor.

Energia cinetica a undei misca o turbina atasata la un generator, care produce energie
electrica.

Figura2. Centrala electrica marina nr. 1 pentru exploatarea energiei valurilor

Miscarea permanenta a valurilor, va conduce la miscarea rotativa oscilatorie
permanentd a picioarelor-parghie integrate platformei marine a centralei, fapt ce
conduce la o exploatare de 24 de ore din 24 de ore a resursei regenerabile.
b) Energia mareelor Spre deosebire de cazul valurilor, mareele sunt cresteri de
nivel consistente la malul oceanelor prin deplasarea unoir cantitdti imense de apa
dinspre larg cétre uscat (flux) si dinspre uscat catre mlarg (reflux). Aceasta deplasare
are ca efect cresterea de nivel a apei, dar fortele motrice ce vor actiona turbinele
centralelor electrice sunt dezvoltate pe orizontala.
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Figura3. Principiul de exploatare a energiei mareelor
Utilizarea turbinelor centralei presupune pozitionarea acestora in zona centrala a
orificiilor unde vitezele de flux sunt maxime, punand paletele specifice in miscare
de rotatie.

Avantajul major al acestui tip de centrale neconventionale este acela ca
mentenanta este una foarte simpld si necostisitoare. La acest aspect se adaugd si
atributele de nepoluant si inepuizabil, fapt ce conduce la o dezvoltare durabila a
componentei energetice de acest tip.

c) Energia termici a oceanului este o alta tehnologie bazata pe resursele
energetice ale oceanelor, care extrage energia potentiala stocatd in acestea folosind
diferitele straturi de temperatura din apa. Se folosesc diferentele de temperatura
dintre straturile oceanului aflate la adancime si cele de la suprafata pentru producerea
de energie electrica. Se folosesc fluide (freonul, propanul, amoniacul etc) care se
condenseaza nivelul temperaturii apei de la adancime si fierb la nivelul temperaturii
apei de suprafata.
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Figura4. Principiul de exploatare SETO cu ciclu inchis



SETO cu ciclu inchis. Un sistem de conversie a energiei termice oceanice cu
ciclu inchis, sistem prezentat in figura 4, utilizeaza un fluid de lucru cu un punct de
fierbere scdzut de obicei propan sau amoniac, intr-un circuit inchis si sigilat pentru
a roti o turbind. Apa calda din ocean de suprafata este pompata intr-un evaporator
unde se presurizeazd amoniacul lichid. Aceasta presiune determind fierberea
amoniacului si vaporii rezultati folositi pentru a antrena o turbina ce antreneaza la
randul ei un generator electric. Apa rece din straturile adanci ale oceanului este
pompata prin cealalta parte a unui schimbator de cdldura, ceea ce face ca vaporii de
amoniac sa se condenseze inapoi intr-un lichid. Amoniacul lichid este apoi presurizat
din nou de o pompa si ciclul incepe din nou.

Acest tip de sistem energetic este o sursd de energie curata, regenerabila, care
valorifica apa de mare pentru generarea de energie electrica si functioneaza folosind
apa oceanelor ca pe o sursa energetica abundenta si aproape nelimitata.

4) Hidroenergia se refera la energia potentiala a apelor curgatoare, ape ce izvorasc
la Tnaltimi mari si se revarsa catre ses, ca final sa ajunga prin reteaua hidrografica in
mare, adica la nivelul zero. Energia hidroelectrica poate fi obtinuta cu ajutorul apei
acumulatd in rezervoare, centralele hidroenergetice de rezervor, in timp energia
obtinuta din debitul raului definesc centralele hidroenergetice de tip rau.

Energie hidroenergetica de stocare:. aceste sisteme tehnice de producere a
energiei electrice sunt conexe sistemelor energetice conventionale (Figura 5), pentru
a compensa fluctuatiile de consum pe anumite perioade ale zilei. Noaptea exista un
surplus energetic in retelele de distributie, deoarece un numar mare de consumatori
nu mai utilizeaza energia electrica.
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Figura 5. Energie hidroenergetica de stocare



Pe aceste perioade de consum redus, energia existenta in retea se poate utiliza

pentru stocarea hidro-potentiala a apei in rezervoare special amenajate sau
rezervoare naturale (lacuri, cratere stinse de vulcani, etc). Generatoarele lucreaza ca
motoare, actionind turbinele ce devin de aceasta data, pompe ce umplu rezervoarele
de stocare cu apa dintr-un lac/rau limitrof in care se revarsa cand se produce energie
electricd. Aceste sisteme sunt acumulatori hidroenergetici adiacenti circuitelor de
distributie energetica.
Un dezavantaj indus de constructia acestor amplasamente hidroenergetice, este acela
ca, pe perioada amenajarilor si constructiei sistemului in sine, ecosistemul este
perturbat local, dar Tn timp, s-a constatat o refacere si o reasezare a florei si faunei,
ba chiar o inflorire ecosistemicad cu caracteristici pe care nu le detinea inainte de
aceastd actiune. Pomparea apei existenta in lacurile de acumulare, este o solutie care
asigura derularea activitdtilor casnice, cresterea animalelor si irigatii in agricultura.

5) Energia geotermala provine din cadldura naturalda a Paméantului, in primul rand
datorita descompunerii izotopilor radioactivi in mod natural ai uraniului, toriului si
potasiului. Din cauza caldurii interne, debitul de cdldurd al suprafetei Pamantului
este Tn medie de 82 mW/m2, ceea ce inseamna o caldura totala de aproximativ 42 de
milioane de megawati. In general, resursele de peste 150°C sunt exploatate pentru
generarea de energie electrica, iar resursele de sub 150°C sunt utilizate la incalzirea
si racirea directd. In urma unor calcule ficute de mine am constatat ci:
Magnitudinea resurselor geotermale cu temperatura scazuta din lume este de
aproximativ 140 ExaJoules/an de caldura sau o treime din consumul actual de
energie mondial. Aceasta valoare, tradusa in multipli de putere obisnuiti, reprezinta
140 x 10%J/an, ceea ce reprezinta 140 x 10*® x 278 x 10° (W/an) = 38.920 x 10*
(W/an) = 38.920 x 10° (MW/an) = 38.920 x 103 (GW/an) = 38.920 (TW/an). Daca
socotim necesarul unei locuinte cu 4 persoane la valoarea de 300 KW/luna, atunci
necesarul acestei locuinte este de 300 x 12 = 3600 (KW/an) = 3.6 (MW/an).
Resursele geotermale cu temperatura scazuta din lume ar asigura necesarul
energetic a circa 10800 x 10° locuinte/an, acoperind o populatie de circa
43.200.000.000 locuitori, ceea ce reprezinta circa de 6 ori populatia actuala a
globului.

Principalul avantaj al sistemelor de incalzire geotermica si de generare a
energiei este ca acestea sunt disponibile 24 de ore pe zi, 365 de zile pe an si sunt
oprite doar pentru intretinere. Sistemele de generare a energiei au de obicei factori
de capacitate de 95% (adicd functioneaza la capacitate aproape maximad pe tot
parcursul anului).

In concluzie, energia geotermali reprezinti un potential energetic insemnat,
care trebuie exploatat la nivel mult mai ridicat in viitorul apropiat, deoarece asigura



un timp de exploatare neintrerupt la un nivel cvasiconstant, fapt ce asigura un grad
de predictibilitate arhisuficient.

6) Energia biomasei. Biomasa face referire la ,,cantitatea de substanti constituita
de organismele vii pe unitate de suprafatd sau volum,, intr-un mediu acvatic sau
terestru. Punctual, biomasa reprezinta masa pe care o cumuleaza toate organismele
vii dintr-un anumit spatiu. Biomasele sunt considerate surse de energie regenerabile
de origine biotica, adicd sunt substante al caror timp de exploatare este comparabil
cu cel de regenerare sau au o perioada de recuperare destul de scurta, dar daca
aprovizionarea uneia dintre aceste plante este asigurata prin defrisarea unei paduri,
este destul de evident cd nu avem de-a face cu o resursa regenerabila.
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Figura 6. Biomasa si provenienta acesteia

Dupa cum se poate vedea in figura 6., provenienta biomasei este diversa. Prin
urmare, printre cele mai frecvente biomase putem gasi: culturi agricole speciale
(cum ar fi rapita) si resturi rezultate in urma recoltarilor in general, culturi forestiere
speciale (cum ar fi salcia energeticd) si resturi rezultate in urma exploatarii, reziduuri
industriale (cum ar fi uleiurile uzate), reziduuri animale ( cum ar fi balegarul),
gunoiul municipal sau resturi provenite din sistemul de canalizare.
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Figura 7. Sistem energetic de conversie cu cogenerare alimentat de biomasa

Tn figura 7. am propus un sistem de energetic cu ardere directi pentru
conversia cu cogenerare, alimentat de biomasa, utilizand ca intrari de biomasa doua
componente organice analizate comparativ in exemplul de mai sus. Sistemul
produce energie electrica, energie termicd pentru incalzirea locuintelor si apa calda
menajera.

Procesele de conversie termochimica a biomasei se bazeaza pe actiunea
caldurii care favorizeaza reactiile chimice necesare transformarii materiei in energie.
Dintre acestea enumeram:

- arderea directa

- piroliza, un proces care implica incalzirea, la temperaturi ridicate (intre 400 si
800 °C), a biomasei in absenta agentilor oxidanti (aer sau oxigen) sau cu o
cantitate foarte mica de oxigen

- masificare/gazeificare, pe de alta parte, constd in transformarea in
combustibil gazos a unui combustibil solid sau lichid, Tn cazul specific al
biomasei, aceasta are loc prin descompunere termicd (oxidare partiald) la
temperatura ridicata (900+1.000°C ). Gazul produs este un amestec de vapori
de apa si N2, insotit de cenusa suspendata si urme de hidrocarburi.



7) Probleme de studiu abordate in lucrare si metode de rezolvare

Datorita omniprezentei terestre a energie solare, energie regenerabild, am ales
sd orientez cercetdrile, intr-un capitol special, catre sistemele de concentrare solara
si conversia in energia mecanicad pentru actionarea generatoarelor electrice.

In aceasti lucrare mi-am indreptat atentia citre concentratoarele solare de tip
parabolic, care sunt usor de construit si pot fi instalate oriunde din punct de vedere
geografic. Acest tip de concentrator lucreaza eficient cu convertorul termo-mecanic
motor Stirling. Tn cazurile existente Tn exploatare, motorul Stirling este amplasat
direct in punctul focal al parabolei concentratoare, existand dificultati mecanice de
amplasare in acest punct dat, precum si cu restrictii de gabarit.

In capitolul 2, am concentrat cercitirile spre testa posibilitatea schimbirii
paradigmei privitoare la amplasarea motorului Stirling in proximitatea punctului
focal. Astfel am introdus notiunea de traseu de substantd solida pentru transferul
termoenergetic al energiei cumulate prin convergenta in punctul focal al suprafetei
parabolice reflectorizante. Am conceput un experiment pentru studierea cantitativa
a transferului energetic intre doud puncte aflate la o0 anumita distanta fizica, conectate
printr-un continuum de substantd solidd cu conductivitate ridicata si izolatie
exterioara din materiale cu proprietati izolatoare foarte ridicate. Calitatile celor doua
materiale au dus la obtinerea unui mijloc eficient de transfer energetic intre punctul
focal al concentratorului solar si motorul Stirling necesar conversiei termo-
mecanice.

In capitolul 3, am efectuat o cercetare aplicativa citre energia geotermica,
reducand diferenta de temperatura sezoniera intre interiorul si exteriorul unei
locuinte, construitd dupa modelul strdvechi ,,bordei” si ,termos” pe care le-am
inclobat intr-un model inovator cu proprietdti termo-izolatoare ridicate. Studiul
eficientei energetice a acestui model de locuinta propus, I-am realizat prin simulare
computerizatad, pe baza unui model construit exclusiv pe relatiile matematice
cuprinse in normativele energetice. Tn acest studiu am introdus utilizarea
vacuumului (vidului) intr-o zona tampon (casa in casa). Prin controlarea vidului am
influentat conductivitatea termica a peretilor dubli ai locintei, ntre valoarea
specifica aerului si cea specifica vidului. Rezultatele experimentelor le-am prezentat
pe parcurs precum si 0 metoda de executie a etansarii la capitolul Concluzii.



2. Cercetari ale transferului energetic dintre punctul focal al
concentratorului solar si motorul Stirling, prin substanta solida

Energia solard concentratd este un domeniu al exploatarii surselor
regenerabile si presupune mai multe modalitati de captare si transformare a acestora
este utilizarea suprafetelor parabolice de concentrare a energiei solare intr-un punct.
Transportul acestei energii catre echipamentele de conversie in energie electrica, se
realizeaza prin intermediul unui agent termic de cele mai multe ori. Acest agent este
o substantd lichida reticulatd intr-0 instalatie prin pompare (prin executarea
presiunii). In studiul de fat se testeazi eficacitatea transferului termo-energetic prin
substanta solidd, cu descarcare direct in motoarele Stirling.

Situatia industriald actuald presupune un consum energetic crescut, consum
care presupune in principal surse conventionale cvea ce conduce la emisii
considerabile de dioxid de carbon (CO2), cu efecte asupra mediului inconjurator care
pun probleme serioase calitdtii vietii, precum si rezultanta modificarilor climatice,
cu efect total negativ, pe termen lung cu posibile transformari ireversibile ale
planetei. In acest context delicat, se impune utilizarea accentuati a surselor
regenerabile ce prezintd atributul de nepoluant. Soarele este un corp care radiaza
caldura, caldura ce neutilizata, se ,,pierde” in ciclurile naturale. A utiliza aceasta
radiatie termica, presupune folosirea tehnologiilor neconventionale, pe care o sa le
expunem in cele ce urmeaza.

2.1. Motorul Stirling este 0o masina termica cu pistoane care utilizeaza
energia generatd de o sursa de caldurd externa asupra unei camere inchisd a sa,
aerul/gazul din camera incalzit se extinde si se comprima punand in miscare

pistoanele care produc energie mecanica.
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Figura 2.0. Sistem energetic de conversie cu cogenerare alimentat de biomasa



2.2. Tipuri de motoare Stirling
a)Alfa Stirling. Tn figura B.0 este reprezentat acest motor, care are putere mare dar
prezinta dezavantaje din cauza temperaturii crescute si a etansarii din zona pistonului
cald.
b)Beta Stirling. Acest tip nu are probleme legate de etansare ca in cazul motorului
de tip alfa.
c)Gama Stirling
2.3. Avantajele motorului Stirling
Motorul Stirling poate functiona cu orice sursa de caldurd, cu energie solara,
energie geotermald, energie nucleara, cu lemn, gaz, petrol sau biomasa. Motorul
Stirling transforma caldura in energie mecanica, iar generatorul transforma energia
mecanica in energie electrica.
- Se poate monitoriza precis consumul de combustibil, amestecul de
combustibil;
- Se pot utiliza cu precadere sursele regenerabile de energie, energii curate
st ieftine;
- Intretinerea este mai simpla, lubrifierea mai indelungata decat la celelalte
motoare termice;

- Au structura mai simpla in comparatie cu cele cu ardere interna.
In ziua de astazi este folosit cu precadere la concentratoarele parabolice, montate in
punctul focal pentru producere a energiei electrice, practic produce energie electrica
din energie regenerabila cu costuri o, consumand consumabile reduse.

2.4. Principalele sisteme de concentrare solara utilizate in prezent

In cele urmeaza sunt prezentate dispozitive cu concentratori solari utilizate in
prezent pentru producerea energiei electrice neconventionale.
a)Concentrator de tip Parabolica solard. Capteaza energia solara, prin intermediul
unei suprafete reflectorizante de forma parabolica, formda ce are proprietatea
concentrarii razelor solare paralele intr-un singur punct, numit focar

In punctele de focalizare ale acestor suprafete parabolice sunt amplasate

receptoarele energetice, motoarele Stirling/Brayton in combinatie cu generatoare
electrice. Pentru cresterea eficientei de conversie termo-mecanica, intre motoarele
Stirling si Brayton se practicd o combinare a lor formand un sistem complex, cu
eficientizarea de pana la 10%, fata de cazul utilizarii lor individuale. Dupd cum se
vede, 10% reprezintd un procent relativ mic, dar mare in acelasi timp, deoarece
energia solard este ,,gratis,, si a capta cu 10% mai mult pe perioade mari de timp,
conduce la economii substantiale, fapt pentru care procentul discutat este mare si nu
mic, cum pare la prima vedere.
b) Concentrator de tip Jgheabul solar Energia solara este captata prin intermediul
unui jgheab cu forma parabolica in sectiunea transversala, ce reflectd lumina solara



pe o linie aflatd in focarul acestuia, linie numita linie focala. De regula se utilizeaza
o conducta cu fluid-agent termic pentru captarea si transportul/transferul energetic
catre un schimbdator de cdldurd. Temperatura fluidului poate ajunge la 400°C.
Eficienta unui astfel de sistem in ceea ce priveste conversia caldura-electricitate, este
de 15%.

¢) Concentrator de tip Reflector Fresnel

in acest tip de sistem, energia solara este captatd prin intermediul unor fasii (benzi)
de oglinda pe post de reflectori, cu receptor unic si sisteme de urmarire a soarelui.
Asemeni cazului SPT, conversia presupune aburi si un sistem de tuburi — generator
electric. Razele soarelui sunt reflectate in punctele de pe o linie colectoare, prin care
trece conducta cu agentul fluid salin; reflexia este asemeni unei lentile Fresnel, care
directioneaza un flux luminos catre un acelasi punct, indiferent de incidenta fluxului
sursa.

2.5. Sisteme inovatoare de transport termic prin substanta solida in cadrul
productiei energetice cu concentratori solari

Sistemele actuale cu motoare Stirling sunt exploatate inca din anii 80', cu
caracteristica dispunerii motorului chiar n punctul focal al parabolei. Acest fapt are
o serie de inconveniente legat de aceasta dispozitie a motorului, complicand structura
mecanica de sustinere, limitand puterea motorului la dimensiuni acceptabile mecanic
in vederea sustinerii pe pozitie si nu in ultimul rand opturarea unui anumit procent de
arie colectoare a parabolei.

eqe w0

din punctul focal la camera fierbinte a motorului Sirling, prin intermediul substantei
solide. Daca randamentele obtinute sunt satisfacatoare catre bune, se poate regandi
arhitectura PTC. Astfel ca dispunerea motorului Sirling poate fi adusa intr-o pozitie
mult mai avantajoasd din punct de vedere structural ce va permite o crestere a
capacitatii sale energetice, fapt ce va atrage dupa sine dimensiuni mai mari, precum
si o eliberare a zonei de captare redandu-i intreaga arie de lucru parabolei colectoare.

Ideea centrald este aceea de a testa un randament al transferului termo-
energetic pe o distanta considerabila, respectiv 0,5 m, utilizdnd avantajele substantei
solide Cu s1 materialelor izolante din fibre ceramice. Distanta traseului de transfer s1
randamentul corespunzator, devin parametrii esentiali ce pot ridica fezabilitatea unui
astfel de solutii pentru un sistem PTC cu motor Stirling.

Ideea originala pe care am propus-0 prin intermediul prezentul studiu de caz,
idee pe care am sa o detaliez in cele ce urmeaza, se refera la a transporta energia
solara, printr-un alt mijloc decdt mediul lichid, mentindnd performantele energetice
ridicate. Astfel ca am pornit o serie de demersuri tehnico-stiintifice pentru a proba
posibilitatea transportului energiei termosolare prin intermediul unui traseu de
substantd solidd, respectiv un corp de cupru cu sectiune constanta care sa faca




legatura dintre punctul de captare solar (,,fierbinte, ) si punctul de transfer al
caldurii catre o masina termodinamica prin care sa se obtina lucru mecanic i,
implicit, actionarea permanenta a unui generator electric, ca finalitate energetica a
sistemului per ansamblu. Studiul are ca finalitate modelul matematic prin
intermediul caruia se pot efectua calcule pentru alte cazuri de sectiuni, comparand
randamentele energetice obtinute de la un caz la altul.

Concret, mi-am propus sa studiez o solutie tehnica de transport cu substanta
solida, a energiei termice acumulate printr-un sistem termosolar de tip parabolic, cu
urmaritor de soare. Astfel ca am inovat un sistem format, in principal, dintr-un traseu
de substanta solida, in speta o bara de cupru cu sectiune rectangulara, prin care sa se
poata permite cele doua miscari specifice urmaririi soarelui pe toatd durata unei zile,
de la rasdritul la apusul acestuia. Un traseu neintrerupt de substantd solida, o bara
neintreruptd in spetd, cu o izolare adecvata, astfel incat pierderile termice sa fie
reduse la un nivel foarte scazut, poate deveni o solutie tehnica viabila de transfer
energetic intre punctul fierbinte al sistemului de captare termosolar si sistemul de
conversie termodinamic ce va produce lucrul mecanic necesar actiondril
generatorului electric.

Tn figura 2.1. este redat conceptul sistemului inovativ cu transport energetic
pe traseu din substanta solida, in care sunt redate elementele de baza ce il compun.
Descrierea acestui sistem comportda urmatoarele considerente:

e Sistemul parabolic este unul clasic, ce permite douad miscari de urmarire a
soarelui, atat prin rotatia de AZIMUT, cat si prin rotatia de TILT.

e Elementul parabolic este prins mecanic pe segmentul denumit generic
SUPORT FOCAL, iar acesta la randul lui este prins de segmentul denumit
generic SUPORT VERTICAL. Aceste doud segmente sunt articulate intre ele,
permitandu-se astfel miscarea de tilt a segmentului SUPORT FOCAL in
raport cu segmentul SUPORT VERTICAL

e TRASEUL DE TRANSPORT TERMIC, este format din doua segmente de
Cupru cu aceeasi sectiune rectangulara, articulate intre ele prin intermediul
unei articulatii denumite generic ARTICULATIE TRASEU. Constructia
acestei articulatii este una speciala, astfel incdt sa se maximizeze suprafete
de contact dintre cele doua segmente. Fiecare segment al traseului este izolat
cu un material denumit generic MEDIU TERMIC IZOLATOR. in dreptul
articulatiei traseului, unde cele doud segmente se misca una relativ la cealalta,
se adauga un sistem de izolare suplimentar. S-a introdus in sistem un element
cu rol de condensator termic, denumit generic MEDIU TERMIC
CAPACITIV, pentru a inmagazina un supliment de caldurd pe care sa il
cedeze In momentul aparitei unei fluctuatii termice, in sensul scaderii
temperaturii fata de temperatura medie instalata pe traseu.
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Figura 2.1. Sitemul inovativ cu transport energetic pe traseu din substantd solida

e GENERATORUL este actionat de citre MOTORUL STIRLING, producand,
finalmente, electricitate, energie electrica canalizata catre un sistem de stocare si
distributie.

Electricitate

Eficienta transportului energetic, presupune o serie de propietdti de material
deosebite:
a)Conductivitate _termicd _ridicata Materialul ales pentru constituirea
segmentelor traseului de transport termic (energetic) este CUPRUL. Cea mai
bund conductivitate termicd o are argintul, apoi cuprul. A fost ales cuprul
deoarece este mai iefin.
b) Conductivitatea termica redusa a materialelor de izolare a substantei solide
aleasa pentru transferul energetic. Materialul realizat din fibre ceramice, are
propietati termic izolatoare deosebite.




c)Punct de topire ridicat al substantei solide complementare utilizate pentru
reducerea fluctuatiilor termice din traseul de transport energetic.

2.6. Experimentul conceput

Pentru studiul eficientei transportului energetic a sistemului energetic inovat,
am conceput urmatorul plan de experimentare:

1. Realizarea fizica a unui traseu de transport energetic cu segmente de cupru cu
sectiune rectangulard de 20 mm x 20 mm. Lungimea traseului de transport
energetic este de 500 mm.

2. Testele de transfer termic presupun o masurare interactivd de temperatura in 5
puncte specifice pentru lungimea de 500 mm:

S-a utilizat un sistem de tip DATA LOGGER cu 5 sonde de temperatura, prin care

s-au descarcat datele in timp real, in fisiere de tip CSV/XLS. Norii de date

experimentali au fost filtrati si prelucrati conform metodelor matematice statistice,
pentru determinarea exacta a fluxurilor de energie termica vehiculate pe TRASEUL

DE TRANSPORT ENERGETIC al SITEMULUI ENERGETIC INOVAT.

Schema experimentului realizat

Ti 400 FULKE
g Camera. (.1e
termoviziune

—_————

Achizitie
de date

T3 im
. {Senzor 3/4

T
Senzor 1/2

T4t
Senzor 1/4

Sursa
punctuald
caldura

Bara de cupru
Straturi de izolare (1/2/3)

Figura 2.2. Setup experimental. Amplasare traductoare de temperatura
si schema masurarii

2.77. Modelare matematica

S-a construit modelul matematic al TRASEULUI DE TRANSPORT ENERGETIC,
pe baza datelor experimentale si a legilor de transfer energetic, determinandu-se
finalmete RANDAMENTUL ENERGETIC al sistemului energetic din studiul de caz.
Formula matematica obtinuta reprezintd un model matematic de descriere a unui
sistem de acest gen, la care se pot varia datele de intrare, in speta dimensiunile
sectiunii traseului de substanta solida, pastrandu-se izolarea cu fibre ceramice la
aceeasi parametri.



2.8. Traseul de transfer termoenergetic testat
Pentru probarea ideii si dezvoltarea unui studiu in acest sens, am utilizat ca
substanta solida pentru transferul termo-energetic cuprul Cu (cupru alimentar cu
puritate 99,9%) si pentru izolarea traseului placi de fibra ceramice.
Tn Figura 2.3. este prezentat traseul de transfer termoenergetic, cu cele doud zone
distincte, respectiv substanta solida si stratul izolator din fibre ceramice.
500 17 2Q, , 17

s 20

/

Bara Cu Izolaue

Figura 2.3. Traseul de transfer termoenergetic

Fi

g[Jra 2.4. Camera de termoviziune Ti FLUKE 400

Pentru masurarea temperaturilor externe, la nivelul invelisului, se utilizeaza
camera de termoviziune, ce se poate observa in Figura 2.4.

Schema generala a transferului termic dintre Punctul Focal al Parabolei Solare
si Motorul Stirling si principiul de calcul al caldurii transmise pe traseul de
transport energetic cu substanta solida

' Qe:r(t2)

EE Motor Punct
Generator ‘ Stirling @ « Q(tZ) ‘ focal

Figura 2.5. Sistemul energetic al unui concentrator solar parabolic
Dispozitivele de lucru sunt, in ordine, conform figurii 2.9, urmatoarele:
o Concentratorul solar parabolic
o Traseul de transport termic
o Motorul Stirling
o Generatorul electric




Motor

‘Stirling
\

77A ) Motor

Es

/,:, Stirling T’ B
S1

\ ~ /!

S
Tilt T Tilt
Azimut Azimut
e D
a) b)

—
Figura 2.6. a) Convertor termo-mecanic in punctul focal (paradigma actuala); b) Convertor

termo-mecanic la distanta de punctul focal (paradigma propusa)

Eficienta transferului termo-energetic in cazul a) este de peste 90% din energia Ea ,
dar eficienta transferului termo-energetic in cazul b) poate fi 60% 70% dintr-o
energie b) mai mare decét a).
Cazul:

cl. na - Ea = ng - Eg (are sens pentru cd reduce complexitatea si costurile
solutiei mecanice) Prin cazul studiat, rezultatele experimentale au demonstrat ca ne
plasam pe acest caz, dar pentru distante de transport mici (particular: pentru
sectiunea 20x20mm distanta maxima de transport eficient fiind de 500 mm)

c2.na - Ea>>nb - Eg (atunci nu are sens noua paradigma)

c3.ma - Ea <nb - Eg (ideal pentru schimbarea paradigmei)
Se poate concepe un sistem parabolic pentru puteri electrice mici, cu o constructie
simpla (figura 2.6.b), in care un traseu termic de transfer poate asigura un randament
suficient de mare incat sd poata fi mentinutd functionarea normald a unui motor
Stirling care sa puna in functiune un generator electric.

.....

Stirling in concentratorul solar parabolic. Ideea de baza de la care s-a pornit, este
aceea cd materialele termo-izolatoare au atins valori de conductivitate termica foarte
scazuta, ceea ce permite constituirea pe distante optime a unor trasee termice de
transfer intre ,,punctele fierbinti,, ale concentratorilor solari si sistemele de conversie
termo-mecano-electrice, ce au ca element central de conversie motorul Stirling.

2.9. Sursd termicd in impulsuri — inovatie (concept)

In figura 2.7. este prezentati schema de lucru a unei inovatii apartinand
acestei lucrdri de doctorat, in care s-a conceput un o sursad termicd in impulsuri, ce
este In fapt un traseu de trasfer termic din substantd solida ce se interpune intre
,punctul fierbinte,, al captatorului solar, in cazul de fatd o lentila Fresnel, si
subsistemul de conversie termo-mecano-electrica, fiind aplicat un control
computerizat ce permite limitarea temperaturilor vehiculate in registrul mentinerii



»soliditatii,, traseului, astfel incat valoarea energiei termice transferate sa fie
maxima, iar bara de cupru sd raimana integra.

ENERGIE SOLARA

; ; ; Focalizare FRESNEL

_%_

MAXIM 900 °C -—-
Sursd de MINIM 1300 =C

4+ -

Conversie
termo-elecirica

Figura 2.7. Sursa termica in impulsuri

2.10. Modelul matematic de calcul al caldurii prin traseul de transport
termic cu substanta solida

Propagarea caldurii prin conductie termica presupune trecerea ei din aproape
Tn aproape, prin straturile imobile ale solidelor, prin difuzia electronilor liberi.
In cazul regimului permanent, temperatura corpurilor este dependenti numai de
coordonatele punctului si ecuatia de temperatura este de forma:

t=f(0y2) (2.1)

Cantitatea de caldura care trece pe directia normala la suprafata, in unitatea

de timp reprezintad fluxul de cdldura Q, exprimat in W; prin fluxul unitar se intelege

i . . W
fluxul care trece prin unitatea de suprafata, q[—].
m
Valoarea fluxului de caldura care trece prin conductie este data de ecuatia Fourier:
at
dQ = —AadS (2.2)
unde:
A —reprezintd conductivitatea termica a materialului, in W/mK;
] : g L - <
ﬁ — gradientul de temperatura pe directia normald la suprafata;

dS — elementul de suprafata prin care trece fluxul de caldura dQ.
Traseul de transfer termo-energetic din substanta solida presupune, pentru un
randament marit, o conductivitatea termicd maximd a substantei solide si o



conductivitate termicd minimad a materialului termo-izolant ce imbraca substanta
solida. Céldura pierdutd prin radiatie este ignoratda in modelul de calcul realizat.
Céldura pierduta prin convectie este luatd in calcul in relatia modelului matematic,
pentru cazurile de izolare multistrat, respectiv cu 1 strat, cu 2 straturi si cu 3 straturi
de 17 mm fiecare.

Pornind de la problema transferului termic pentru o bara neizolata, la care se
dezvolta relatia matematica dintre temperatura de la capatul fierbinte si caldura Q
transmisa de-a lungul acesteia, s-a determinat relatia pentru caldura transmisa prin
bara izolata, tinandu-se seama de caldura pierdutd prin suprafetele laterale ale
traseului constiuit.

Variatia temperaturii in lungul barei corespunzator cazului bara finita de lungime
redusd (x =1)

f[C"]‘

to
6, 0,
t;
t, 0,
4 -
1 X
* [mm]
A
Figura 2.8. Problema variatiei temperaturii de-a lungul unei bare scurte
(2.3)
chim- (I — x)] +)L_a -shim - (Il — x)]
0, =6, s
chim -] +)L_m-sh[m-l]
Coeficientul adimensional m este calculat prin relatia (2.4):
aP

In cele ce urmeazd, se calculeazi fluxul termic Q corespunzitor cazului bari
finita de lungime redusda, pentru cazul particular x=0,5 m

Perimetrul barei de Cu:

P = 0.02m -4 = 0.08[m], unde sectiunea barei de este de 20 mm x 20 mm,
adica 0,02 m x 0,02 m.

Aria sectiunii barei de Cu:
A=0.02m -0.02m= 4-10"*[m?]



Lungimea barei de Cu:

[ =0.5[m]

Coeficientul de convectie pentru Cu, pentru bare cu dimensiuni <30 mm:
—q|W

@ =3 [ / m? - K ]

Coeficientul de conductivitate termicd pentru Cu:
A=39542 W/ ]

Deducem valoarea lui m:

m= [££= [ 228 2,133570199114, adoptam valoarea aproximata de:
\IA-A \/395,42-0,0004

m= 2,134
Determinarea raportului — :

Am

‘- 0 = 0,0106657

A-m 39542 -2.134
Adoptam valoarea:
a
—=0,01067

A-m
Determinarea argumentului functiilor hiperbolice m - [:
m-l= 2,134-0.5 = 1,067

Expresia literala a fluxului termic este redata in relatia matematica (2.5)
) th(m-l)+/1_i
Relatia (2.5): Q =m-1-A- 6y ——"2
1+m'th(m'l)
Deducem conform relatiei (2.5) si valorilor numerice de mai sus, relatia numerizata
(2.6), necesara calcularii fluxului termic:

Relatia (2.6):

_ th(1,067 ) + 0,0106657
Q =2,134-395,42-4-10

4. .
%1 4+ 0,0106657 - th(1,067)

=0,2674- 6,

Relatia (2.6) se refera la cazul barei de Cu neizolatd. Aplicarea izolatiei speciale cu
fibre ceramice are ratiunea de a ridica valoarea fluxului termic transmis la valori mai
ridicate decat cea rezultata prin calcul referitoare la bara neizolata.



Dupa introducerea datelor particulare a coeficientilor de mai sus, relatia (2.3),
devine relatia (2.7):
0, = 0, -(0,103812 - e213%* 4 0,896148 - e~ 2134%) (2.7)

Tn cadrul experimentului, s-au preluat temperaturile din anumite sectiuni ale barei
izolate cu placi de fibre ceramice.

Tn tabelul 2.2 este 0 mostrd de date pentru a exemplifica modul de depozitare a
datelor experimentale, pe seturi preluate la o anumita ord cand s-a derulat
experimentul si un numar de ordine dat de minutul la care s-au preluat datele efective
pentru fiecare temperaturd in parte, din cele 5 sectiuni considerate si echipate
senzorial pentru interceptare de temperatura.

Tabelul 2.2
Ceas Minut | T1_ext T3/4_ext | T3/4_int | T1/2 ext | T1/2_int | T1/4 ext | T1/4_ int | T2_ext
3:5?];09 133 37 ‘ 41 234 42 251 43 294 43
3:5?;]09 134 37 ‘ 41 235 42 252 43 294 44

2.11. Placile din fibra ceramica alese pentru izolarea traseului de transfer
termoenergetic

Sunt fabricate printr-un proces de formare umeda n vid, dintr-un amestec
format din fibra ceramica maruntita, cu lianti anorganici sau organici.
Placile din fibra ceramica au coeficientul de conductivitate termica scazut, stabilitate
termica ridicata si o excelenta rezistenta la soc termic.
Temperatura de clasificare variaza de la 1140°C la 1540°C, temperatura de lucru,
pani la 1400°C, densitate (kg/m?): 300-350.
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Figura 2.16. Conductivitatile termice ale diferitelor materiale
izolatoare functie de temperatura



Datele experimentale sunt prezentate in tabele si utilizate pentru determinarea
,Modelului matematic”. Aceste date au fost obtinute prin procedurile explicate la
inceputul acestui capitol, cu mijloacele aferente prezentate. Dependenta pe care am
determinat-o a avut ca parametru principal, temperatura din punctul fierbinte, ce
simuleaza concentratorul solar. Totul depinde de aceasta temperatura, astfel incat,
fluctuatiile sale determina fluctuatiile valorii caldurii termice transmise pe intregul
traseu termic de transport termoenergetic.
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Figura 2.28. Imagine ecran a fisierului Excell de calcul a
conductibilitatii termice ponderate



Tn figura 2.27. sunt prezentate ecran cu ecran, relatiile modelului matematic
introduse Tn mediul de calcul MATHCAD.

Ao (bt by-ext) = 7o (€001 xmint — 0001 tamine) - (2.15)

tx—int—tx—ext

In figura 2.28, este redat un ecran din fisierul Excell in care s-au realizat

.....

transport termo-energetic (transfer termic), conform datelor experimentale obtinute,
aplicand relatia (2.15). Astfel s-a obtinut expresia matematicad a conductibilitatii
(conductivitatii) medii ponderate functie de temperatura t2 a punctului fierbinte

(concentratorul solar), redatd prin relatia (2.9) si figura 2.16.

Conductibilitatea medie ponderatd pe 5 puncte

y = -2E-12x* + 2E-00x3 - 3E-07x2 + 3E-05x + 0,0403
R2 =0,9996

Figura 2.19. Functia conductibilitate medie ponderata a stratului izolator de fibre ceramice
Relatia (2.16):
Mtz i) =—2-107"2t, *+2-107t, 3-3-1077 ¢, 2+3-107°-t,,  +0,0403

Urmatorul pas a fost acela de a calcula, in mod similar cu conductibilitatea medie
ponderata, temperatura medie ponderata exterioara a Intregului traseu functie de
aceeasi temperatura ty et @ punctului fierbinte (concetratorul solar). Pentru calcule
se va utiliza media ponderata, a carei functie este obtinuta prin interpolare spline,
cu o precizie de peste 99% a abaterii mediei patratice. Functia determinata se poate
vedea in figura 2.30 si este redata exact prin relatia (2.17).

tmedpondext(tzint) = 9 | 10_13 ' tzint6 - 10_9 ' tzints + 5 ) 10_7 ' tzint4 - 9 ) 10_5 ' tzintB +
0.0088-t,, 2—03699-t, +2669  (2.17)



Temperaturi exterioare experimentale si media ponderata
tl_ext t34_ ext t12 ext t1ld ext L ¥
2z t_ext("C)

Nl =—i_med_pond Foby. (t_med_pond)

a0 Y = 9E-13x° - 1E-09%x° + SE-07x* - 9E-05x* + 0,0088x> - 0,3699% + 26,69
R? = 0,9083

t2_int(°C)

Figura 2.30. Functia temperaturd medie ponderata exterioard

a traseului de transfer termo-energetic

¢ int(°C) Temperaturi interioare experimentale si media ponderata

ta_int t34_int =———t12_int 14 _int t2_int

y = TE-06x* - 0,0027x* + 0,9093x + 1,5185
R2 = 0,9995

=S

t2_int(°C)

Figura 2.31. Functia temperatura medie ponderata interioara a traseului de transfer termo-
energetic

Relatia (2.18) este:

(t2,,) =7°107t, 3 —0,0027 - t;, 2 +0,9093 ¢, . +1,5185 (2.18)

t
medpond;,,,

Fluxul termic unitar mediu ponderat ce se va lua Tn calcul pentru construirea
modelului traseului de transport termic este dat de relatia (2.19):

Amed (tz. )
qmedpond(tzint) = W medpondl ( zlnt) medpondext( th)] (219)



Pentru calculul analitic al pierderilor de caldura prin materialul izolator din fibre
ceramice, s-arecurs la formula clasica din relatia (2.20):

g =22 (L, — tore) (2.20)
d — grosimea stratului izolator din fibre ceramice
tint — temperatura la suprafata barei de cupru (interceptabil prin intermediul sondelor
de temperatura ,,ingropate,, in stratul de izolator, pana la contactul direct al acestora
cu suprafata exterioara a barei de cupru)
text — temperatura la suprafata stratului izolator (interceptabil cu camera de
termoviziune in IR)

Amea — CONductivitatea medie a stratului izolator
Q_disipat_C

. Q disipat R
Q_ stirling neizolat f F—1SIPE— Q_solar
(a0 <

Q disipat C
Q_disipat_R

izolat

Q_stirling

Figura 2.32. Bilantul energetic. a) traseu neizolat; b) traseu izolat
2.12. Rezultatele simularii

Pornind experimental cu masurari corespunzatoare sectiunii de 20 mm x 20 mm, cu
doua straturi izolatoare (34 mm), s-a obtinut modelul matematic de calcul energetic.
in acest model se variaza grosimea stratului izolator si sectiunea traseului termo-
energetic.

PUTEREA TRANSFERATA si DISIPATA 20mm x 20mm x 500mm PUTEREA TRANSFERATA si DISIPATA 70mm x 70mm x 500mm
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Figura 2.33. Rezultatele simularii. A.20 mm x 20 mm, B. 70 mm x 70 mm;



Tabelul 2.5. Rezultatele simularii

Sectiune P_solar | P_1strat | P_2strat | P_3strat Caz n_1strat | Q_2strat | f_3strat
20x20 20 134 50 76 92 20 37,31 56,72 68,66
25x25 25 176 65 102 125 25 36,93 57,95 71,02
30x30 30 220 85 130 158 30 38,64 59,09 71,82
35x35 35 263 105 156 193 35 39,92 59,32 73,38
40x40 40 306 124 187 225 40 40,52 61,11 73,53
45x45 45 348 144 216 261 45 41,38 62,07 75,00
50x50 50 400 163 245 296 50 40,75 61,25 74,00
55x55 55 446 182 273 335 55 40,81 61,21 75,11
60x60 60 493 205 309 370 60 41,58 62,68 75,05
65x65 65 540 225 341 400 65 41,67 63,15 74,07
70x70 70 588 248 376 441 70 42,18 63,95 75,00

Puterea maxima transmisa pe tipodimensiune

F:.

solar

P_lstrat

—

Latura sectiunii [mm]

55

60

Figura 2.35. Rezultatele simularii, sectiunea functii de aproximare a puterii calorice transmise

functie de marimea sectiunii traseului termo-energetic




Randamentul trans
A rj_1strat ]

Latura sectiunii [mm]

65 70

Figura 2.36. Rezultatele simularii, randamentele transmisiei de energie
Dupa cum se poate vedea in figurile 2.35 si 2.36, sunt redate rezultatele

simularilor, care se refera la puterea maxima transmisa pe traseele cu un strat, doua
straturi si trei straturi, respectiv randamentele traseelor de transmisie termica cu
acelasi numar de straturi. Concluziile legate de valorile efective ale acestor simulari
sunt prezentate la capitolul Concluzii.



3. Imbunatatirea eficientei energetice a cladirilor prin

folosirea pamantului ca sursa regenerabila de termicitate, coroborata
cu 0 anvelopa izolatoare de vacuum variabil

3 . 1 » Modelarea matematica si simularea numerica a comportarii dinamice

Cladirile eficiente din punct de vedere energetic la nivelul anilor 2020, trebuie
sa fie izolate, etansate si deservetite electric de energiile alternative, un raspuns la
realizarea principiilor impuse si neutralizarea efectelor schimbarilor climatice.
Pentru acest deziderat, este necesar a se studia propietatile materialelor utilizate in
prezent la realizarea anvelopelor de izolare si conceperea unui model de constructie
care sa maximizeze eficienta prin integrarea celei mai bune combinatii de structura
de rezistentd si_anvelopa termicd, facand posibila luarea in calcul a energiilor
alternative pentru incilzirea pe timp de iarnd a acestui model. Inmagazinarea
portabild a energiei alternative utilizatd la 1Incalzirea tipului de constructie
determinat, este un alt element de noutate al conceptului de transfer energetic in
perioadele calendaristice cu varf de consum pentru incalzire, dar care are utilitate pe
tot parcursul anului in diferitele situatii de consum ridicat in cazul unuei locuinte
off-grid izolate de reteaua energetica nationala.

£asd in casi, cu ph_ctc-:‘c_ltal:a. hidro,
perete de aer, enlio, biomasa etc

pereti solari cu sere

de aer recirculat Energia

regenerabila

Eficienta
energetica

Sisteme

materiale deosebite .
inovatoare

Caracteristici
termice materiale
de izolatie

usi, ferestre cu sisteme
de etansare inalta

Figura 3.0. Factori determinanti ai eficientei energetice a cladirilor




3 . 2 » Argumentarea notiunii de pamdnt-sursa regenerabila

Pamantul reprezinta o sursa regenecrabild de energie, exploatarea
geotermicitatii fiind un exemplu elocvent. In aceasta lucrare ma refer la alta idee cu
privire la acest deziderat si anume: ldeea de pamdnt-sursa regenerabild se referd
la_caracteristica_termicd _a_pamdntului in _zona de suprafatd, la cdtiva metri

addancime, ce presupune capacitatea de a mentine o temperaturd constantda pe tot
timpul anului.

Pamantul se comporta ca un veritabil condensator/acumulator termic, care
preia caldura solard din anotimpul cald si o Tnmagazineaza in structura sa telurica,
astfel incat, temperatura medie anuala a unei zone georgrafice, se regaseste in patura
de suprafatd a pamantului, la valoare constanta, pe tot parcursul anului. Putem privi
stratul de suprafata al pamantului ca o sursd de energie termica, ce are capacitatea sa
mentind temperatura constantd pe tot parcursul anului calendaristic, la adancimi
diferite, datorate caracteristicilor pamantului privind conductibilitatea termica
scazuta si duce la utilizarea aceste proprietati in sistemele de incalzire si de racire .
Pompa de caldura a acestui sistem teluric este soarele. Pamantul are doar capacitatea
de a Tnmagazina si, datorita masei enorme, de a netezi fluctuatia in timp, asemeni
unui condensator de filtraj.

3 . 3 « Sistemul arhitectural inovat

Sistemul arhitectural are la baza doua concepte de izolatie exterioara:

- Conceptul ,,bordei,,
- Conceptul ,,casa in casa,,
Conceptul ,,casa in casd,, presupune doi pereti exteriori ai locuintei, cu un spatiu de
aer intre acestia.
Sistemul arhitectural inovat presupune urmatoarele caracteristici:
1. Radacina arhitecturald este cazul clasic de locuintd din figura 3.2.a.
2. Adaugarea de ,,Spatiu vidat,, in jurul ,,Spatiului util,,, contopind cele doua
concepte expuse mai sus, respectiv ,,casa in casa,, si ,.termos, vidul avand
conductivitatea termica cea mai mica.



Spatiu vidat

casa 2

inovatie
casa l

spatiu de aer a. Caz clasic b. Sistem inovator

Figura 3.1. Conceptul de ,,casa in casa,, Figura 3.2. Sistemul arhitectural inovat

La sistemul prezentat mai sus se mai poatre adauga si inovatia 2 de mai jos, din
fiqura 3.3. Sistemul presupune ventilatie, ceea ce impune aducerea aerului de afara
la interior. Tn sezonul rece, aerul exterior este rece, la valori foarte joase.

Inovatia presupune o preincalzire a aerului exterior inainte de fi injectat la

interior. Procesul trebuie sa fie unul natural, convectiv si neconsumator de energie

din retea.

Spatiu vidat

inowvatie 2

a. Caz clasic

b. inovatie 2

Figura 3.3. Sistemul arhitectural inovat suplimentar cu inovatia 2

3.3.1. Avantajele sistemului

Avantajele intuite ale sistemului in cauza, sunt urmatoarele:
Aval. Izolarea a 5 fatade din total 6, in stilul clasic ,,cu pamant de jur imprejur,,, ceea
ce face ca temperatura exterioara acestor fatade sa fie una constantd tot timpul
anului, la o valoare sub valoarea de confort a ,,Spatiului util,,.
Ava2. Temperatura pamantului, pentru sezonul rece, scade substantial diferenta de
temperaturd interior-exterior, reducand efortul de incalzire a ,,Spatiului util,,,
incdlzindu-1 1n mod natural, oricare ar fi temperatura atmosferica exterioara.
Ava3. Temperatura pamantului, pentru sezonul cald, ajutd la preluarea caldurii din
»opatiul util,,, rdcindu-l in mod natural, oricare ar fi temperatura atmosferica
exterioara.



Avad. Suplimentar izolarii cu pdmant, se adauga spatiu aer/vid, ceea ce permite ca
in sezonul rece sa se creeze o barierd termica suplimentard, pentru a reduce si mai
mult efortul de incalzire a ,,Spatiului util,,

Avab. Capacitatea de variere a nivelului de vid intre limita minimd egala cu
presiunea atmosferica si maxima egala cu cea mai mare valoare pe care o poate oferi
sistemul, permite ca efortul energetic necesar vacuumarii sa fie optimizat functie de
valoarea diferentei de temperatura interior-exterior in sezonul rece, iar in sezonul
cald permite un transfer termic bun intre zona de aer ,,rece,, a spatiului perimetral
teluric si ,,Spatiul util,,.

Vacuumarea spatiului perimetral permite reglarea rezistentei termice functie de
necesitatile termice ale momentului.

Gradul de etansare al spatiului supus vacuumarii difera de calitatea anvelopei
realizate (materiale, Tmbinari, etc), iar efortul mentinerii unui nivel de vid pe o
anumita perioada va necesita valori ale energiilor consumate invers proportionale cu
gradul amintit, functie de caz. Un grad de etansare mic va face ideea de vacuum
inaplicabila.

Modelul matematic a fost conceput pentru a optimiza marimea fizica a
anvelopei direct determinatd de distanta dintre peretele exterior si cel interior ale
locuintei considerate. Rezistenta termica a anvelopei este ridicata dacd distanta
dintre ziduri este mare, in cazul Tn care anvelopa este plina cu aer.

Modelul matematic permite simularea mai multor grosimi de anvelopa, cu
estimarea castigului energetic produs de vidarea anvelopei, in cazurile de diferente
de temperatura ce impun vidarea ca fiind rentabild, si, odatd cu acesta a
randamentului sistemului inovator.

Tn Figura 3.6, este redati imaginea sectiunii sistemului arhitectural inovator, unde se
pot vedea detaliile constructive propuse.

Pamant

Stratizolator ~ Placa de beton

Pamant

Boltar de
fundatie
_dinbeton

Boltar de
fundatie
din beton .

Anvelopa aer/vid
pinjfise edojanuy

Pamant

“Strat izolator* Placa de beton
Pamant

Figura 3.6. Sectiunea sistemului arhitectural inovator



3.3.2. Descrierea peretilor solari. Principiu.

Un alt mod de crestere a eficientel energetice a cladirilor existente sau noi,
constd in captarea energei termo-solare prin captarea acesteia si utilizarea la
incadlzirea interioarelor pe timpul sezonului rece.

Tn figura 3.7 este prezentat principiul de lucru al sistemului de perete solar
fara circulare de aer. Totul se bazeaza pe traparea in spatiul de dincolo de sticla a
caldurii solare, caldura ce produce incalzirea peretului exterior al cladirii ce
formeaza impreuna cu sticla o incinta in care se inmagazineaza caldura solara.

Radiatie

solara E]lg‘ll: . Radiatie
solara Spatin .
Cildura radiata inchis L
de peretele t [
exterior incalzit
Cildura radiata
Sticla f} de peretele
Sticla exterior incalzit
Perete
exterior Perﬂle ﬁ
didire exterior
cladire
(tﬁldm:ﬁ Caldura G
captati captata
t
u m
Figura 3.7. Pereti solari fara circulare de aer Figura 3.8. Pereti solari cu circulare de aer

Tn figura 3.8 este prezentat principiul de lucru al sistemului de perete solar cu
circulare de aer. In plus fatd de situatia prezentatd anterior, in care se produce o
transformare a peretelui exterior in sursa de cdldura pentru camera interioara, apare
un circuit de aer al carui flux exte intretinut de convectie.

3.3.3. Sistemul de clidire eficientd energetic de tip CCIT (Casa in Casa lzolata
Teluric)

ANVELOPA TELURICA

\‘ ' ANVELOPA TELURICA

v

| ANVELOPA TELURICA
—
ANVELOPA TELURICA

I ANVELOPA TELURICA

Figura 3.9. Constructie izolata teluric

n figura 3.10 este prezentat conceptul de ,,casa in casa izolata teluric,,, ceea ce
inseamna o constructie in constructia izolata teluric, intre cele doud constructii, cea
interioara si cea exterioara existand un spatiu de aer. Sistemul de cladire cu eficienta



energeticd Tmbunatatitd, va permite incalzirea in sezonul rece, cu energia electrica
generata de surse regenerabile de energie, in mod special vizédndu-se energia
fotovoltaica.

3.3.4. Energia portabili
Daca in sezonul rece, sistemul fotovoltaic nu produce acel 1.5 Kw.zi, am gandit un

sistem energetic de rezerva, denumit Energie Portabila.

Figura 3.11. Cladire off-grid alimentata si cu unitati UEP
Acesta notiune-concept face ca UEP sa fie astfel gandita incat sa porneasca de la o

capacitate de aproximativ 1,2 KW, ca mai apoi sa fie up-grade-abila la 2.4 KW prin
adaugarea doar a unui grup de acumulatori identic cu cel de pornire. Sistemul
energetic al imobilului devine un multiplu de UEP, astfel cd un anumit numar de
astfel de unitdti energetice, asigura o autonomie minim necesara prin utilizarea lor
simultand prin cele trei functii de bazd: incarcare, inmagazinare si descarcare
(consum), ca in figura 3.11.

3 " 4 » Modelarea matematica a cladirii optimizate energetic

Tn aceste subcapitol am realizat modelarea matematici a saisprezece marimi ce
caracterizeaza experimentul propus, conceptul pe care il studiez. Dintre aceste voi
prezenta in acest rezumat doud modele matematice.

3.4.1. Modelarea matematica VOLUM ANVELOPA — Model matematicl
Descriere:

In figura 3.12 este redat schematic modelul matematic 1. Rolul acestui model
este _acela de a permite modelarea anvelopei, modificand geometria cladirii.




Geometria casei_este caracterizata_de parametrii_specifici, respectiv_cotele ce
definesc_volumele spatiilor interioare si_exterioare. Anvelopa este un_spatiu
intermediar al carei volum depinde cotele spatiilor delimitatoare. Modelul permite
modificarea facila a geometriei, prin modificarea parametrilor specifici, prezentati
In_figura 3.5. Cel ce utilizeaza modelul poate simula diverse marimi_pentru
anvelopa, astfel incdat prin simulari succesive sa poatad detecta variantele optime ce
conduc la cresterea eficientei energetice a cladirii.

Model Vol elopi
matematic 1 olum atvelopa

Figura 3.12. Schema Model matematic 1

INTRARE 1
Geometrie casa - Parametrii geometrici:

Geometrie casa
parametrii
geometrici

L1 — Dimensiune 1 amprenta casa

L2 — Dimensiune 2 amprenta casa

H — Indtimea pana la planseu

gZi — Grosimea zidului interior

gZe — Grosimea zidului exterior

gG — Grosimea golului (distanta dintre peretele interior si peretele exterior)

A 1 — Aria delimitata 1

Al1=(U1-2-x-gGe) (L2—-2-x-gGe)[1]

A 2 — Aria delimitata 2
A2=(U1-2-x-gGe—2-x-9gG)-(L2—-2-x-gGe—2-x-gG) [2]
A _sectiune_anvelopa — Arie sectiune anvelopa

A sectiune_anvelopa=A 1-A 23]

V_anv — Volum anvelopa

V_anv = A_sectiune_anvelopa - H [4]

IESIRE 1

Volum anvelopa:



3.4.5. Modelarea matematici ENERGIE PENTRU VIDARE
LA PRESIUNE PRESETATA
— Model matematics

Descrigre:
In figura 3.16 este redat schematic modelul matematic 5. Rolul acestui model

este acela de a permite modelarea energiei Epv _consumate pe perioada de
depresurizare la valoare maxima de vid, pornind de la o valoare presetata a
presiunii panda la _care se permite presurizarea. Intrarile in_model sunt puterea
pompei de vidare, denumita Ppv si timpul 13.

Puterea pompei de vid Energia de
Ppv |::> Model vidare la
9 |:l'> matematic 5 |:'l> presiune
- presetata
Epv

Figura 3.16. Schema Model matematic 5

73 (h) — timpul partial de vacuumare /depresurizare
Ppv (W) — puterea pompei de vidare

Descriere rationament model matematic: Operatiunea de vidare/vacuumare a
anvelopei, este una automatd si presupune un ciclu de pornire/oprire, functie de
presiunea presetata p_presetata, avand o valoare cuprinsd intre O si 1 bar, conform
celor prezentate in figura 3.17.



Presiune
anvelopa (bar) 1 bar

p_presetata < [0.1] (bar)

Am1 Pompa de vid lucreaza
Ams Pierdere vid (crestere presiume)
Qu2
0 bar
- N
-1 T2 -3 =
‘ ! ‘ Timp (h)

Figura 3.17. Reprezentarea ciclu lui de lucru al pompei de vid in anvelopa
In figura 3.20 este pus in evidenta valoarea mult redusa a conductivitatii termice a

anvelopei de vid comparativ conductivitatile aerului si vatei bazaltice.

A
A (W) [W/mK]
0.036 Avata bazaltica
' 0.024
)\aer
0.024
A_p setat
Alimita
Ams
Qum? 0.004!
Avid 0.002 p_setat 1 P
0.004 — — - .
= ™ Timp (h) [bar]
Figura 3.20. Pozitionarea valorii Figura 3.21. Dependenta liniara dintre
conductivitatii anvelopei in raport cu alte presiunea anvelopei si conductivitatea
solutii de izolare performante termicd acesteia

Ipoteza de liniaritate a dependentei conductivitatii de depresiune este una
naturald (a se vedea Figura 3.21), dar se poate adanci studiul pentru a determina
experimental prin regresie matematicd, functia ce coreleaza cele doud marimi
fizice.



3 . 5 « REZULTATELE SIMULARII COMPUTERIZATE

Modelul matematic a condus la realizarea unui program de simulare, scris n
MathCAD, fapt ce a permis si permite simularea mai multor situatii reale in
conformitate cu ideile de proiectare ale unor cladiri eficientizate energetic prin
intermediul anvelopei vacuumate.

Modelul permite o serie de marimi de intrare cu rol de variabild, prin care se pot
calcula o serie de rezultate energetice ce ajuta proiectantul sa gaseasca solutia optima
pentru cresterea eficientei energetice a cladirii repsective.

Referitor la marimile de intrare ale modelului matematic, acestea sunt:

- Grosimea anvelopei vacuumate (mil)

- Grosimea zidului interior (mi2)

- Grosimea zidului exterior (mi3)

- Conductivitatea zidului exterior (mi4)

- Conductivitatea zidului interior (mi5)

- Puterea pompei de vid (mi6)

- Capacitatea de vidare (mi7)

- Coeficient de etansare anvelopa vacuumata (mi8)

- Temperatura exterioara (Imi9)

- Temperatura interioara (mil0)

- Geometria amprentei locuintei (mill)

- Iniltimea zidurilor (mil2)

- Presiunea setata pentru refacerea vidului in anvelopa (mil3)

Rezultatele simuldarii, prezentate in acest capitol, se refera doar la studii de caz ce
necesitd modificarea doar a parametrilor mil, mi8, mi9, mil0 si mil3.

3.5.1. Studierea prin simulare computerizatda aspectelor cazului energetic
experimentat
Se studiazd urmatoarele aspecte ale cazului energetic considerat:

- Studiul 1. Influenta intervalului de presiune din anvelopd, respectiv
presiunea_setata vacuumare. Reglarea, cu un anumit consum de energie, a
nivelului de conductivitate al anvelopei. Daca etansarea anvelopei este
neconforma, energia de a mentine vidul este foarte mare si devine nerantabila
aceasta operatiune. Trebuie determinat nivelul minim admisibil de etansare a
anvelopei, la care este eficienta utilizarea vacuumarii.

Tn figura 3.33 sunt redate rezultatele simularii pentru toate cele 3 cazuri ale

coeficientului de etansare prezentate mai sus.



Eficienta energetica unitara

0.9 1
p setat (bar)

CEU 0.1bar/h CEU 0.15bar/h —&— CEU 0.2bar/h

Figura 3.33. Rezultatele simularii pentru 3 situatii distincte ale coeficientului de etansare

Coeficientul de eficienta unitara (CEU) reprezinta energia castigata per
metru patrat de suprafatd, cu cat este mai mare aceasta valoare, cu atat este mai bun
rezultatul.

- Studiul 2. Influenta grosimii anvelopei pentru determinarea valorii optime,
pentru o anumitd diferentd de temperaturd medie a sezonului rece, intr-0
anumitd zona geografica.

Rezultate energetice la AT=31K si C_pierdere=0.1 bar/h

o—(Q_24 k o—E pompa —a— 0 24 k a o— Castig energetic 24h

Figura C34. Rezultatele simularii studiului influentei grosimii anvelopei

Tn Figura 3.34 sunt expuse rezultatele sub forma de grafic, totul fiind functie
de grosimea Gg a anvelopei vid/aer, parametrul studiat. Castigul energetic 24h,
reprezintd indicatorul ce permite o evaluare a eficacitatii fiecarui caz in parte.



- Studiul 3. Influenta diferentei de temperatura asupra eficientei starii de vid
din anvelopd, determinarea valorii minime la care vacuumarea sa se
declanseze. Vacuumul trebuie privit ca o operatiune de eficientizare
energeticd a situatiilor extreme de temperatura joasa, in vederea reducerii
consumului in vederea incalzirii cladirii.

Coeficientul de Efiecienta Unitar

Figura 3.35. Rezultatele simularii influentei temperaturii

Tn figura 3.35 este redat graficul dependentei dintre eficienta energetica
unitara si diferenta de temperatura interior-exterior.
- Studiul 4. Influenta mdrimii cladirii asupra eficientei energetice a sistemului
cu anvelopa de vid. Cu cat cladirea este mai mare, cu atét eficienta sistemului
cu anvelopa este mai mare.

W/m2 Coeficientul de Eficienta Unitar - influenta ariei
0.044
0.043
0.042
0.041
0.04
0.039
0.038

0.037 .
Aria (m2)
96
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Figura C36. graficul influentei suprafetei anvelopei asupra
eficientei energetice unitare



S-a calculat pe cele patru coloane ,,energetice,,:

Q_24 k- energia disipata prin perimetrul cu anvelopa de vid/aer, timp de 24h,
in conditii de anvelopa cu vid;

E pompa — energia cheltuita un timp calculat pentru pompa, pe durata a 24 h;
Q_24 k_a— energia disipata prin perimetrul cu anvelopa de vid/aer, timp de
24h, 1n conditii de anvelopa cu aer;

Castig energetic 24 h — Diferenta dintre energia variantei cu aer si suma
energiilor variantei cu vid si a energiei efectiv cheltuite cu intretinerea vidului
timp de 24 h.

Presiunea setatd pentru declansarea vacuumarii este p_setat vacuumare = 0.5
bar.

AT = 24 °C, corespunzitor mediei de ianuarie a Romaniei.

Dimensiunile luate n calcul pentru model sunt:
Li=7m/8m/9m/10m/11lm/12m/13m/14m/ 15m/ 16m,
Lo=4m/5m/6m/7m/8m/9m/10m/11m/12m/ 13m, H=2.5m.

In acest fel a fost simulatd influenta suprafetei perimetrului de anvelopa,

asupra eficeintei unitare energetice. In tabelul 3.4 sunt redate rezultatele simularii,
lar in figura 3.36 este redat graficul influentei suprafetei anvelopei asupra eficientei
energetice unitare.



4 » Concluzii si contributii personale

4. 1 » Concluzii

Energiile regenerabile sunt suficiente pentru a satisface consumul energetic al
mapamondului. Randamentele proceselor de conversie a acestor energii regenerabile
in energii de lucru sunt inca mici fatd de randamentele sistemelor energetice
conventionale. Cercetarea-devoltarea este acceleratd pe cresterea acestor
randamente, pentru a se generaliza sursele de energie regenerabila. Energiile
regenerabile sunt, in principal, de tip termosolar, fotovoltaic, eolian, oceanic (valuri,
maree, termic), hidroenergetic, geotermal si biomasic.

Dintre toate aceste tipuri de energie, o sursa permanentd pentru exploatare,
este energia oceanelor. Putem spune intr-un mod plastic ca ,,oceanul nu doarme
niciodata”. Problema exploatarii acestui tip de energie, este ca straturile flotante sau
cele de mal, sunt sisteme conplexe ce necesita investitii cadru pe masura.

Energia eoliana este la fel de exploatabila in sensul cvasipermanentei, dar doar
in zonele geografice ce prezinta acest potential energetic. Realizarea eolienelor este
deja un proces de fabricatie de masa, iar numarul in exploatare a acestora este unul
foarte mare. Randamentul extractiei de energie este foarte ridicat, dar permanenta
acestel surse nu se compara cu cea a oceanelor.

Apele curgdtoare sunt un imens potential energetic, in special acele rauri si fluvii
cu debite mari si foarte mari. Randamentul energetic este foarte mare, ceea ce face
din acest tip de energie o sursad regenerabila foarte vizatd de energeticieni. Bazinele
hidrografice bogate cum ar fi spre exemplu cel din Romania, reprezinta o adevarata
bogatie energeticd pentru zona geografica respectivd. Un efect colateral benefic, in
existenta centralelor energetice, este acela ca, retinerea apelor in baraje produce
posibilitatea alimentarii panzelor freatice, fara de care sursele de apa potabila ar fi
mai putine si mai limitate cantitativ.

Energia geotermala este la fel de mare ca si cea a oceanelor, in sensul cd poate
fi exploatata oriunde pe intinsul uscatului, 24 de ore din 24. Pamantul este, in sine,
o sursa de termicitate, avansand pe verticala catre adancimi ale acestuia. Dar mai
existd o viziune a potentialului termo-energetic, anume ca temperatura de suprafata
a solului este cvasi-constanta, reprezentand media termica a anului din aceasta zona
geografica. Spre exemplu, pe paralela 45°, temperatura constanta a solului este de
circa 11°C.



Biomasa este o alta sursa energetica straveche. Focul cu lemne si temperatura
generatd de fermentarea gunoiului de grajd sunt cunoscute din timpuri stravechi.
Posibilitatea regenerarii padurii, face din lemn o sursa energetica regenerabila.
Ciclurile naturale zootehnice, produc biomasa ce permite a fi exploatata pentru
termicitate si gaze de ardere.

Din studiul capitolului 1 am constatat ca un tip de energie regenerabila
accesibila in tara noastra este cel termosolar. Din acelasi studiu expus la capitolul 1,
am mai desprins o idee legata de un alt tip de energie regenerabila exploatata in tara
noastra si anume energia geofizica. Pe baza acstor idei desprinse din ampla sinteza
despre energiile regenerabile am dezvoltat doud studii de cercetare in vederea
dezvoltarii unor sisteme energetice inovative.

Capitolul 2 a fost dedicat studiului transferului energetic intre punctul focal al
unui concentrator termosolar de tip parabola si punctul de articulare sferica unde este
amplasat un motor Stirling dedicat conversiei termo — electrice. Concentratorii
solari sunt sisteme complexe, ce contine dinamicd pe tot parcursul zilei, prin
intermediul heliostatelor. O dispozitie fixd a concentratorului in raport cu sursa
(soarele) conduce la pierderea unei cantitati substantiale de energie, fapt pentru care
heliostatul, genereaza o serie de avantaje costructive, astfel constructia unui sistem
concentrator parabolic devine foarte simpla, evitandu-se solutia cu amplasarea
camerel fierbinti a motorului Stirling direct in punctul focal.

Utilizarea substantei solide (cuprul in spetd), permite transferul energetic pe distante
scurte cu randamente ridicate, ceea ce face posibila o astfel de solutie termica.

Izolarea traseului de substantd solidd este un punct de baza in cresterea

randamentului transferului energetic.

Am utilizat si am cercetat materialele izolatoare din fibre ceramice, caz pentru
care am obtinut rezultate bune. Dar, tinand cont ca existd materiale izolatoare mult
mai eficiente, rezultatele pot fi mult mai bune decat cele consemnate de modelarile
s1 masuratorile mele.

Modelul in cauza a fost baza realizarii unui program de simulare in MathCAD,
fapt ce a permis EXTRAPOLAREA. Am utilizat modelul pentru cazuri de sectiune de
pana la 70 x 70 mm, ceea Ce mi-a permis o analiza cantitativ-energetica de apreciere
a randamentelor unor sisteme de concentratori din ce in ce mai mari. Rezultatele
concrete obtinute sunt prezentate detaliat in capitolul 2.

Concluzia, Tn urma analizei rezultatelor simulate, este aceea ca barele izolate
cu fibre ceramice reprezintd o solutie viabila de a transfera energia termicd a
punctului focal al unui concentrator parabolic, cdtre punctul de articulatie unde poate
fi amplasat un motor Stirling destinat conversiei termo-electrice.



Concluzia, in urma analizei rezultatelor simulate, este aceea ca barele izolate
cu fibre ceramice reprezintd o solutie viabila de a transfera energia termicd a
punctului focal al unui concentrator parabolic, catre punctul de articulatie unde poate
fi amplasat un motor Stirling destinat conversiei termo-electrice.

Capitolul 3 este dedicat unui model energetic de locuinta/cladire ce utilizeaza
energia geofizicd. Pamantul poate fi privit ca o sursa termicd constantd in
temperaturd, pe toatd perioada anului. Acest fapt prezintd un mare avantaj, anume,
constanta temperaturii solului indiferent de anotimp. Pamantul, ca material, este un
izolator imbatabil. Celebrele si totodata arhaicele caramizi de lut, denumite chirpici,
reprezintd o alternativa de constructie ce poseda un grad de izolare exceptional.
Pornind de la acest concept stravechi utilizat si astazi in cele mai fierbinti locuri
geografice de pe mapamond, mi-am propus si am realizat un studiu al unei cladiri
imbunatatite energetic, cu privire la utilizarea energiei geofizice ca element
determinant de pasivizare.

Pentru acest deziderat am conceput o schema de locuinta tip paralelipiped care
are conectate cinci fete din sase la energia geofizica. Practic vorbim de o locuinta
ingropata in pamant care beneficiaza tot timpul anului de o temperaturd exterioara
pe aceste cinci fete de 11° C. Astfel in anotimpul rece, AT = 9-11° C, iar in

anotimpul cald locuinta beneficieaza de aceeasi diferentd de temperatura.

Vidarea anvelopei de aer dintre cele doud ,,case” necesitd o serie de
performante in actul constructiei, pentru a asigura un grad de etansare ridicat. Se pot
utiliza materialele specifice izolarii piscinelor sau a peretilor cu infiltratii, sau a
pleurelor pentru izolarea acoperisurilor, astfel incat anvelopa sau spatiul de tip
termos, sa aiba o pierdere de presiune pe unitatea de timp, foarte mica.

Cumulate, cele trei aspecte inovatoare prezentate, conduc la un model de
locuinta inbunatatita din punct de vedere al eficientei enegetice, foarte atractiv, mai
ales Tn contextul actual al crizei energetice. O astfel de locuinta poate fi deservita de
panouri fotovoltaice si/sau concentratoare solare, deoarece cantitateca de energie
termica necesara incalzirii pe timpul iernii este una foarte redusa datorita gradului
de pasivizare energetica conferitd de capacitatea geofizica si ideile inovatoare

concepute.




4 . 2 » Posibilitati tehnice/tehnologice de realizare a pleurei cu vid/aer cu

etansare ridicata si durabila
Raspunsul la aceastd problema tehnica consta in:
1°. Construirea riguroasd a zidurilor (exterior, interior) cu urmarirea calitatii
operatiunii de zidarie si tencuire;
2°. Adezivul pentru zidire va fi unul special cu aditivi chimici necesari de tip piscina;
3°. Materialul de tencuit interior/exterior pentru zidul exterior va fi unul special de
tip piscina;
4°, Materialul de tencuit interior pentru zidul interior va fi unul special de tip piscina;
5°. Intretinerea tencuielilor celor doui ziduri se va face dupa cum urmeaz:

5.1°. La zidul exterior prin exterior;

5.2°. La zidul interior prin interior.
6°. Aplicarea izolatiilor de tip pleura specifice acoperisurilor orizontale;
7°. Asigurarea unor dopuri speciale (superior, inferior) ale caror caracteristici nu sunt
expuse 1n aceastd lucrare pentru securizarea inventiei.

4 . 3 » Contributii personale:

C1. Studiul amplu pe energii regenerabile exploatate in prezent, cu redarea detaliata
a principiilor, cu scheme sugestive ce completeaza conceptual imaginea sistemelor
energetice respective per ansamblu.
C2. Studiul transferului energetic pe sustanta solida in cazul concentratorilor solari,
cu izolare din materiale izolatoare din fibre ceramice:

Identificarea materialelor izolatoare necesare unui astfel de transfer prin

studiul documentatiilor tehnice de specialitate ce au pus la dispozitie date numerice
prin care s-a putut face o selectie.

- Identificarea substantei solide pentru transfer termic, selectand conform cu
documentatia tehnica materialul din cupru;

- Inovarea conceptuald a unui sistem energetic cu concentrator solar de tip
parabold (in mod special articulatia dintre douda segmente de substanta
solida);

- Inovarea conceptuald a unui sistem energetic cu concentrator solar de tip
Fresnel (in mod special ideea de preluare intermitentd a fluxului termic
continuu din concentrator, controland astfel temperatura maxima din
substanta solidd);

- Model matematic complex pentru modelarea fluxului termic prin
substantasolida, ce permite sectiuni si lungime diferite ale unui segment de
transfer;



Simularea unui caz real si analiza comparativd pe baza rezultatelor
experimentale dintre datele simulate si cele reale, fapt ce a permis corectarea
modelului;

Determinarea lungimii optime a traseului de substanta solida din cupru cu
sectiunea de 20x20mm.

C3. Studiul utilizarii anvelopei cu vid/aer la o locuinta izolata pe resursa geofizica
(pamant):

Studiul detaliat al unor concepte de case imbundtétite energetic prin diverse
solutii constructive si materiale integrate

Inovarea unui tip de locuinta prin combinarea a doua concepte, respectiv ,,de
casa in casa,, $i ,,bordei,,

Model matematic complex pentru modelarea tipului de locuinta inovat
Simulari ce au permis optimizarea constructivda a modulelor specifice ale
casel in cauza (determinarea grosimii optime de spatiu aer/vid, determinarea
presiunii optmie al anumite diferente de temperatura interior-exterior, etc)
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1 » The current stage regarding the exploitation of renewable energies

1.1. In-depth analysis of renewable energy sources

Renewable energy, clean energy, energy that comes from natural sources or
processes that are constantly fed by the cycles of nature, cycles that express an
indubitable reality: a planet full of energy rendered in many forms. In this thesis
| presented the sources of renewable energy and their applications in energy
efficient buildings.

In chapter 1 | presented the current state of the energies produced by our
planet, permanent and free, inexhaustible energies and at hand, their non-
exploitation representing a weakness, a sin.

The current legislation of the European Union enables the development of
technologies for the extraction of renewable energies throughout the world by
financially supporting investments in the construction of new energy plants that
exploit these types of unlimited and non-polluting energy. This orientation of
technical concerns has accelerated research and innovation in this regard.

1)Solar energy refers to the use of energy from the sun. Thermal energy
and/or electricity can be obtained by installing thermosolar and photovoltaic
panels. Solar energy is a renewable energy source because the sun's energy is
considered inexhaustible for the present. The amount of solar energy received by
the Earth is ten thousand times greater than that consumed per day on all the
continents.

a) Solar heat is a released component of solar energy, which is why it is
called thermosolar energy. The concentration of thermosolar energy is possible
thanks to the fact that solar radiation has a component that can be guided by the
light wave that supports reflectivity, so that thermal energy becomes a cumulative



physical quantity in a limited space, causing the appearance of an energy
concentrator extracting concentrated solar energy (ESC).

ESC systems are based on the existence of heliostats, without which the
capture for the concentration of sunlight would not be possible, on a physical
object, far from the heliostat, tangible in a certain direction in space, which is
called a fixed solar concentrator, and on storage systems of energy.

Soare

Concentrator
solar fix (Tinta)

Heliostat
Element Element
reflectiv k Element \ 4 reflectiv
reflectiv

Pamant

Figura 1. Sistem ESC

b) Photovoltaic energy, another component of solar energy, directly converts solar
radiation into electricity using panels made of semiconductor cells. These
individualized equipment, intended for individuals or small communities, are the
photovoltaic panels, which, although they have a value-centered efficiency of 20%,
can generate considerable amounts of electricity for consumption, being a free and
accessible energy.

2) Wind energy represents the power of a renewable resource, such as wind,
which is transformed into electricity. Harnessing the wind requires the installation
of wind farms, either onshore or offshore, with dozens of wind turbines. Solar
radiation, so the Sun as well, does not affect the entire surface of the Earth equally,
determining areas that heat up more than others, air movements occur, which heats
up unevenly, generating wind. Its kinetic energy sets in motion the wind turbines
directed in the direction of the air currents, the generators receive the rotational
energy and produce electricity.

Wind energy can be used in cogeneration with other energies, when the sun is not
shining, the wind might be blowing, or energy is produced with the help of
artificial storage lakes, charged with water during peak periods of energy
production. Wind farms use wind energy from the heights or from the surface of
the seas, so the land can be used for agriculture or animal husbandry.

3) Ocean energy refers to the huge amounts of oscillations inherent in the waters
of the seas and oceans. The mechanical energies unleashed by these undulating



movements are immense and can be characterized by the inexhaustible attribute.
Oceans and seas comprise about 70% of the planet's surface, practically a
continuous source of energy, with non-stop manifestation throughout 24 hours.
Three main types of ocean energy are delineated, with reference to waves, tides
and thermals, unequivocally included in the chapter of renewable energies.

a) Ocean Wave Energy is another type of renewable energy source based on the
natural movements of the ocean, which uses the power of waves to generate
electricity. Temperature differences in air masses around the globe cause air to
move from warmer to cooler regions, leading to wave-producing winds at the
surface of ocean water. In other words, the ocean could be seen as a vast
storage collector of the energy transferred by the sun to the oceans, where the
waves/waves become the means of transport of the resulting kinetic energy at
the surface of the oceans.The kinetic energy of the wave moves a turbine attached
to a generator, which produces electricity.

Figure 2. Marine power plant no. 1 for the exploitation of wave energy

The permanent movement of the waves will lead to the permanent oscillating
rotary movement of the legs-lever integrated into the marine platform of the plant,
which leads to a 24-hour operation of the renewable resource.

b) Tidal energy In contrast to the case of waves, tides are consistent increases in
the level of the oceans by moving huge amounts of water from offshore to land
(flow) and from land to land (reflux). This displacement has the effect of raising
the water level, but the driving forces that will actuate the turbines of the power
plants are developed horizontally.
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Figure 3. The principle of exploitation of tidal energy

The use of the plant's turbines involves positioning them in the central area
of the openings where the flow speeds are maximum, setting the specific vanes in
rotational motion.The major advantage of this type of non-conventional power
plants is that maintenance is very simple and inexpensive. Added to this aspect are
the attributes of non-polluting and inexhaustible, a fact that leads to a sustainable
development of the energy component of this type.

c) Ocean thermal energy is another technology based on the energy
resources of the oceans, which extracts the potential energy stored in them using
the different temperature layers in the water. The temperature differences between
the deep and surface layers of the ocean are used to generate electricity. Fluids are
used (freon, propane, ammonia, etc.) that condense at the depth water temperature
and boil at the surface water temperature.

Turbind __ Electricitate

Evaporator

5C

Figure 4. Closed cycle SETO operating principle



Closed cycle SETO. A closed-cycle ocean thermal energy conversion
system, shown in Figure 4, uses a low-boiling working fluid, typically propane or
ammonia, in a closed, sealed circuit to drive a turbine. Warm water from the
surface ocean is pumped into an evaporator where liquid ammonia is pressurized.
This pressure causes the ammonia to boil and the resulting vapors are used to drive
a turbine which in turn drives an electrical generator. Cool water from deep ocean
layers is pumped through the other side of a heat exchanger, which causes the
ammonia vapor to condense back into a liquid. The liquid ammonia is then
pressurized again by a pump and the cycle begins again. This type of energy
system is a clean, renewable energy source that harnesses seawater to generate
electricity and works by using ocean water as an abundant and nearly limitless
energy source.

4) Hydropower refers to the potential energy of running water, water that
springs at high altitudes and flows towards the plateau, finally reaching the sea
through the hydrographic network, i.e. at the zero level. Hydroelectric power can
be obtained with the help of water accumulated in reservoirs, reservoir hydropower
plants, while the energy obtained from the flow of the river defines river-type
hydropower plants.

Storage hydropower: these technical systems for producing electricity are
connected to conventional energy systems (Figure 5.3.), to compensate for
consumption fluctuations during certain periods of the day. At night there is an
energy surplus in the distribution networks, because a large number of consumers
no longer use electricity.

Rezervorul superior

Pompare

Generare

Grup de pompare
Grup de generare

Rezervorul inferior

Figure 5. Storage hydropower

During these periods of reduced consumption, the existing energy in the
network can be used for the hydro-potential storage of water in specially arranged



reservoirs or natural reservoirs (lakes, craters extinguished by volcanoes, etc.). The
generators work as engines, driving the turbines which this time become pumps
that fill the storage tanks with water from a neighboring lake/river into which it
flows when electricity is produced. These systems are hydropower accumulators
adjacent to energy distribution circuits.

A disadvantage induced by the construction of these hydropower sites is
that, during the development and construction of the system itself, the ecosystem is
disturbed locally, but over time, a restoration and resettlement of the flora and
fauna, even an ecosystem flourishing with characteristics which he did not possess
before this action. Pumping the existing water in the reservoirs is a solution that
ensures household activities, animal husbandry and irrigation in agriculture.

5) Geothermal energy comes from the Earth's natural heat, primarily due to
the decay of naturally radioactive isotopes of uranium, thorium, and potassium.
Due to internal heat, the heat flow of the Earth's surface averages 82 mW/m2,
which means a total heat of about 42 million megawatts. In general, resources
above 150°C are exploited for electricity generation and resources below 150°C are
used in direct heating and cooling. Following some calculations made by me, |
found that:

The magnitude of the world's low-temperature geothermal resources is about
140 ExalJoules/year of heat, or one-third of the world's current energy
consumption. This value, translated into common power multiples, is 140 x
1018J/year, which is 140 x 1018 x 278 x 10-6 (W/year) = 38,920 x 1012 (W/year)
= 38,920 x 106 (MW/ year) = 38,920 x 103 (GW/year) = 38,920 (TW/year). If we
calculate the requirement of a house with 4 people at the value of 300 KW/month,
then the requirement of this house is 300 x 12 = 3600 (KW/year) = 3.6 (MW/year).
The world's low-temperature geothermal resources would provide the energy needs
of about 10800 x 106 homes/year, covering a population of about 43,200,000,000
inhabitants, which is about 6 times the current population of the globe.

The main advantage of geothermal heating and power generation systems is
that they are available 24 hours a day, 365 days a year and are only shut down for
maintenance. Power generation systems typically have capacity factors of 95%
(that is, they operate at near full capacity throughout the year).

In conclusion, geothermal energy represents a significant energy potential,
which must be exploited at a much higher level in the near future, because it
ensures an uninterrupted exploitation time at a quasi-constant level, a fact that
ensures an archisufficient degree of predictability.



6) Biomass energy. Biomass refers to "the amount of matter constituted by
living organisms per unit area or volume" in an aquatic or terrestrial environment.
Precisely, biomass represents the mass accumulated by all living organisms in a
certain space. Biomasses are considered renewable energy sources of biotic origin,
that is, they are substances whose exploitation time is comparable to that of
regeneration or have a fairly short recovery period, but if the supply of one of these
plants is ensured by clearing a forest, it is quite obvious that we are not dealing
with a renewable resource.
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Figure 6. Biomass and its origin
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As can be seen in figure 6., the origin of the biomass is diverse. Therefore,
among the most common biomasses we can find: special agricultural crops (such
as rapeseed) and residues resulting from harvests in general, special forest crops
(such as energy willow) and residues resulting from exploitation, industrial
residues (such as such as used oils), animal waste (such as dung), municipal waste
or waste from the sewage system.

In figure 7, we proposed a direct combustion energy system for conversion with
cogeneration, powered by biomass, using as biomass inputs two organic
components analyzed comparatively in the example above. The system produces
electricity, thermal energy for home heating and domestic hot water.
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Figura 7. Sistem energetic de conversie cu cogenerare alimentat de biomasa

Biomass thermochemical conversion processes are based on the action of heat
that favors the chemical reactions necessary to transform matter into energy.

Among them we list:
- direct combustion

- pyrolysis, a process that involves heating biomass at high temperatures (between
400 and 800 °C) in the absence of oxidizing agents (air or oxygen) or with a very
small amount of oxygen

- massification/gasification, on the other hand, consists in the transformation of a
solid or liquid fuel into gaseous fuel, in the specific case of biomass, this takes
place through thermal decomposition (partial oxidation) at high temperature
(900+1,000°C). The gas produced is a mixture of water vapor and N2,
accompanied by suspended ash and traces of hydrocarbons.



7) Study problems addressed in the paper and methods of solving them

Due to the terrestrial omnipresence of solar energy, renewable energy, | have
chosen to direct the research, in a special chapter, to solar concentration systems
and the conversion into mechanical energy to drive electric generators.

In this paper | have turned my attention to parabolic solar concentrators, which are
easy to build and can be installed anywhere geographically. This type of
concentrator works efficiently with the Stirling engine thermo-mechanical
converter. In the existing cases in operation, the Stirling engine is placed directly at
the focal point of the concentrator parabola, there being mechanical difficulties of
placement at this given point, as well as with gauge restrictions.

In Chapter 2, | focused research to test the possibility of a paradigm shift
regarding the location of the Stirling engine in the vicinity of the focal point. Thus
we introduced the notion of a solid substance path for the thermoenergetic transfer
of cumulative energy by convergence in the focal point of the reflecting parabolic
surface. We designed an experiment to quantitatively study energy transfer
between two points at a certain physical distance, connected by a continuum of
highly conductive solid matter and outer insulation of materials with very high
insulating properties. The qualities of the two materials resulted in obtaining an
efficient means of energy transfer between the focal point of the solar concentrator
and the Stirling engine required for the thermo-mechanical conversion.

In chapter 3, we conducted an applied research towards geothermal energy,
reducing the seasonal temperature difference between the inside and outside of a
house, built according to the ancient model of "bordei" and "thermos" which we
enclosed in an innovative model with thermo properties - high insulators. The
energy efficiency study of this proposed housing model was carried out by
computer simulation, based on a model built exclusively on the mathematical
relationships included in the energy standards. In this study we introduced the use
of vacuum in a buffer zone (house in house). By controlling the vacuum, we
influenced the thermal conductivity of the double walls of the locinus, between the
air-specific value and the vacuum-specific value. | presented the results of the
experiments along the way as well as a method of sealing execution in the
Conclusions chapter.



2 » Research of the energy transfer between the focal point of the solar
concentrator and the Stirling engine, through solid matter

Concentrated solar energy is a field of exploitation of renewable sources and
involves several ways of capturing and transforming them into electricity. One of
the technical possibilities included in this energy field is the use of parabolic
surfaces to concentrate solar energy in one point. The transport of this energy to the
electrical energy conversion equipment is carried out by means of a thermal agent
most of the time. This agent is a cross-linked liquid substance in a pumping
installation (by applying pressure). The present study tests the effectiveness of
heat-energy transfer through solid matter, with direct discharge in Stirling engines.

The current industrial situation implies an increased energy consumption,
consumption which mainly involves conventional sources, which leads to
considerable emissions of carbon dioxide (CO2), with effects on the environment
that pose serious problems for the quality of life, as well as the result of climate
changes, with the effect totally negative, in the long term with possible irreversible
transformations of the planet. In this delicate context, the increased use of
renewable sources with the non-polluting attribute is required. The sun is a body
that radiates heat, heat that is not used, is "lost" in natural cycles. Using this
thermal radiation requires the use of non-conventional technologies, which we will
explain in the following.

2.1. The Stirling engine is a piston heat engine that uses the energy generated by
an external heat source on its closed chamber, the heated air/gas in the chamber
expands and compresses moving pistons that produce mechanical energy.
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Figure 2.0. Energy conversion system with cogeneration powered by biomass



2.2. Types of Stirling engines

a) Alpha Stirling. Figure B.0 shows this engine, which has high power but has
disadvantages due to the increased temperature and sealing in the hot piston area.

b) Beta Stirling. This type does not have sealing problems like the alpha type
engine.

c) Stirling range

2.3. Advantages of the Stirling engine

The Stirling engine can run on any heat source, solar, geothermal, nuclear, wood,
gas, oil or biomass. The Stirling engine converts heat into mechanical energy and
the generator converts mechanical energy into electrical energy.

- Fuel consumption, fuel mixture can be precisely monitored,;

- Renewable energy sources, clean and cheap energies can be mainly used;

- Maintenance is simpler, lubrication longer than with other thermal engines;
- They have a simpler structure compared to those with internal combustion.

Today it is mainly used in parabolic concentrators, mounted in the focal point for
the production of electricity, it practically produces electricity from renewable
energy with low costs, consuming low consumables.

2.4. The main solar concentrating systems in use today

The following are solar concentrator devices currently used for the production of
non-conventional electricity.

a) Solar parabolic concentrator.

It captures solar energy, by means of a reflective surface of parabolic shape, a
shape that has the property of concentrating parallel solar rays in a single point,
called a focus

At the focal points of these parabolic surfaces are placed the energy receivers, the
Stirling/Brayton engines in combination with electrical generators. To increase the
thermo-mechanical conversion efficiency, a combination of Stirling and Brayton
engines is practiced forming a complex system, with up to 10% efficiency
compared to the case of their individual use. As can be seen, 10% is a relatively
small percentage, but at the same time a large percentage, because solar energy is
"“free" and capturing 10% more over long periods of time leads to substantial



savings, which is why the percentage discussed it is big and not small, as it seems
at first glance.

b) Solar trough concentrator

Solar energy is captured by means of a trough with a parabolic cross-section,
which reflects sunlight on a line located in its focus, a line called the focal line.
Typically, a thermal medium fluid pipe is used to capture and transport/transfer the
energy to a heat exchanger. The temperature of the fluid can reach 400°C. The
efficiency of such a system in terms of heat-electricity conversion is 15%.

c¢) Fresnel reflector type concentrator

In this type of system, solar energy is captured by means of strips (strips) of mirror
as reflectors, with single receiver and sun tracking systems. As in the SPT case, the
conversion involves steam and a tube-generator system. The sun's rays are
reflected at the points on a collector line, through which the pipe with the saline
fluid agent passes; reflection is like a Fresnel lens, which directs a light flux to the
same point, regardless of the incidence of the source flux.

2.5. Innovative heat transport systems through solid matter in energy
production with solar concentrators

The current systems with Stirling engines have been exploited since the 80s,
with the characteristic of placing the engine right at the focal point of the parabola.
This fact has a series of inconveniences related to this disposition of the engine,
complicating the mechanical support structure, limiting the engine power to
mechanically acceptable dimensions in order to support it in position and last but
not least the obturation of a certain percentage of the collecting area of the
parabola.

In this context, we thought of studying the possibility of thermo-energetic transfer
from the focal point to the hot chamber of the Sirling engine, through the solid
substance. If the obtained returns are satisfactory to good, the PTC architecture can
be rethought. So that the layout of the Sirling engine can be brought to a much
more advantageous position from a structural point of view, which will allow an
increase in its energy capacity, a fact that will attract larger dimensions, as well as a
release of the capture area, rendering and the entire working area of the collector

parabola.
The central idea is to test a heat-energy transfer efficiency over a considerable

distance, namely 0.5 m, using the advantages of solid Cu and ceramic fiber
insulating materials. The distance of the transfer path and the corresponding




efficiency, become the essential parameters that can raise the feasibility of such a
solution for a PTC system with a Stirling engine.

The original idea that | proposed through the present case study, an idea that | will
detail in the following, refers to transporting solar energy, through a means other
than the liquid medium, maintaining high energy performances. So we started a
series of technical-scientific steps to prove the possibility of transporting
thermosolar energy by means of a solid substance route, namely a copper body
with a constant section to connect the solar capture point (“hot™) and the point of
heat transfer to a thermodynamic machine to obtain mechanical work and,
implicitly, the permanent operation of an electric generator, as the energetic
finality of the system as a whole. The purpose of the study is the mathematical
model through which calculations can be made for other cases of sections,
comparing the energy yields obtained from one case to another.

Concretely, | set out to study a technical solution for transport with solid
substance, of the thermal energy accumulated through a parabolic-type
thermosolar system, with a sun tracker. So we innovated a system consisting
mainly of a solid track, in this case a copper bar with a rectangular section, to
allow the two specific movements of following the sun throughout a day, from
sunrise at its sunset. An uninterrupted path of solid substance, in this case an
uninterrupted bar, with adequate insulation so that heat losses are reduced to a very
low level, can become a viable technical solution of energy transfer between the
hot spot of the solar thermal capture system and the system of thermodynamic
conversion that will produce the mechanical work required to operate the electric
generator.

In figure 2.1. the concept of the innovative system with energy transport on a route
made of solid substance is shown, in which the basic elements that compose it are
shown. The description of this system includes the following considerations:

* The parabolic system is a classic one, which allows two movements to follow the
sun, both through AZIMUT and TILT rotation.

* The parabolic element is mechanically attached to the segment generically named
FOCAL SUPPORT, and this in turn is attached to the segment generically named
VERTICAL SUPPORT. These two segments are hinged to each other, thus
allowing the tilting movement of the FOCAL SUPPORT segment relative to the
VERTICAL SUPPORT segment

« THE THERMAL TRANSPORT PATH, is formed by two copper segments with
the same rectangular section, articulated between them by means of a joint
generically called ROUTE JOINT. The construction of this joint is special, so as to



maximize contact surfaces between the two segments. Each segment of the route is
insulated with a material generically called INSULATING THERMAL
ENVIRONMENT. At the joint of the route, where the two segments move relative
to each other, an additional isolation system is added. An element with the role of a
thermal  condenser,  generically called CAPACITIVE THERMAL
ENVIRONMENT, was introduced into the system to store an additional amount of
heat to give up when a thermal fluctuation occurs, in the sense that the temperature
drops compared to the average temperature installed on the route.
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Figure 2.1. The innovative system with energy transport on a solid substance route

* THE GENERATOR is driven by the STIRLING ENGINE, ultimately producing
electricity, electricity channeled to a storage and distribution system.

Electricitate

The efficiency of energy transport requires a series of special material properties:



a) High thermal conductivity The material chosen for the construction of the
thermal (energy) transport route segments is COPPER. Silver has the best thermal
conductivity, followed by copper. Copper was chosen because it is cheaper.

b) The reduced thermal conductivity of the insulation materials of the solid
substance chosen for the energy transfer. The material made of ceramic fibers
has excellent thermal insulating properties.

¢) High melting point of the complementary solid substance used to reduce
thermal fluctuations in the energy transport route.

2.6. The designed experiment

To study the energy transport efficiency of the innovative energy system, we
designed the following experiment plan:

1. Physical realization of an energy transport path with copper segments with a
rectangular section of 20 mm x 20 mm. The length of the energy transport path is
500 mm.

2. Thermal transfer tests involve an interactive temperature measurement at 5
specific points for the length of 500 mm:

A DATA LOGGER system with 5 temperature probes was used, through which
real-time data was downloaded in CSV/XLS files. The experimental data clouds
were filtered and processed according to statistical mathematical methods, for the
exact determination of thermal energy flows circulated on the ENERGY
TRANSPORT ROUTE of the INNOVATED ENERGY SYSTEM.

Scheme of the performed experiment
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2.7. Mathematical modeling

The mathematical model of the ENERGY TRANSPORT PATH was built, based on
experimental data and energy transfer laws, finally determining the ENERGY
YIELD of the energy system from the case study. The obtained mathematical
formula represents a mathematical model for describing a system of this kind, to
which the input data can be varied, in this case the dimensions of the section of the
solid substance route, keeping the insulation with ceramic fibers at the same
parameters.

2.8. The tested thermal energy transfer route

To test the idea and develop a study in this regard, we used copper Cu (food grade
copper with 99.9% purity) as a solid substance for thermo-energetic transfer and
ceramic fiber plates for path insulation.

In Figure 2.3. the thermoenergetic transfer route is presented, with the two distinct
areas, respectively the solid substance and the insulating layer of ceramic fibers.
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Figure 2.3. The thermal energy transfer route
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To measure the external temperatures, at the shell level, the thermal imaging
camera is used, which can be seen in Figure 2.4.



The general diagram of the heat transfer between the Focal Point of the Solar
Parabola and the Stirling Engine and the calculation principle of the heat
transferred on the energy transport path with solid substance.
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Figure 2.5. The energy system of a parabolic solar concentrator

The working devices are, in order, according to figure 2.9, the following:
e The parabolic solar concentrator
e The thermal transport route
e The Stirling engine
e The electric generator
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Figure 2.6. a) Thermo-mechanical converter in the focal point (current paradigm); b)
Thermo-mechanical converter at a distance from the focal point (proposed paradigm)

The thermal energy transfer efficiency in case a) is over 90% of the EA energy, but
the thermal energy transfer efficiency in case b) can be 60% 70% of an energy b)
greater than a).

The case:

cl.nA - EA=nB - EB (it makes sense because it reduces the complexity and costs
of the mechanical solution) Through the case studied, the experimental results
demonstrated that we place ourselves on this case, but for small transport
distances (particularly: for the 20x20mm section the maximum transport distance
effective being 500 mm)




c2.mna - EA>>nb - EB (then the new paradigm does not make sense)
c3.na - EA<nb - EB (ideal for paradigm shift)

A parabolic system can be designed for small electrical powers, with a

simple construction (figure 2.6.b), in which a thermal transfer path can ensure a
high enough efficiency that the normal operation of a Stirling engine can be
maintained that puts an electric generator in operation.
We can talk about the study of the possibility of this new type of arrangement of
the Stirling engine in the parabolic solar concentrator. The basic idea from which it
started, is that thermal-insulating materials have reached very low thermal
conductivity values, which allows the establishment of thermal transfer paths
between the "hot spots™ of solar concentrators and conversion systems at optimal
distances thermo-mechanical-electrical, which have the Stirling engine as the
central conversion element.

2.9. Pulse heat source — innovation (concept)

In figure 2.7. the working scheme of an innovation belonging to this doctoral
thesis is presented, in which a heat source in pulses was designed, which is actually
a heat transfer path made of solid substance interposed between the "hot spot™ of
the solar collector, in in the present case, a Fresnel lens, and the thermo-
mechanical-electrical conversion subsystem, with a computerized control being
applied that allows limiting the temperatures circulated in the register of
maintaining the "solidity" of the route, so that the value of the thermal energy
transferred is maximum, and the copper bar remain intact.
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Figure 2.7. Heat source in pulses




2.10. Mathematical model of heat calculation through the thermal transport path
with solid substance
The propagation of heat through thermal conduction involves its passage from
close to close, through the immobile layers of solids, through the diffusion of free
electrons.
In the case of the permanent regime, the temperature of the bodies depends only on
the coordinates of the point and the temperature equation is of the form:
t=f(x,y,z) (2.1)

The amount of heat that passes along the normal direction to the surface, in the unit
of time, represents the heat flow Q, expressed in W; by unit flux is meant the flux
passing through the unit area, g[W/m”2 ].
The value of the heat flux passing through the conduction is given by the Fourier
equation:

dQ=-A ot/on dS (2.2)
where:
A — represents the thermal conductivity of the material, in W/mK;
ot/on — the temperature gradient along the direction normal to the surface;
dS — the surface element through which the heat flux dQ passes.

The heat-energy transfer path from the solid substance assumes, for an
increased efficiency, a maximum thermal conductivity of the solid substance and a
minimum thermal conductivity of the heat-insulating material covering the solid
substance. Heat lost by radiation is ignored in the calculated model. The heat lost
by convection is taken into account in the relation of the mathematical model, for
the cases of multilayer insulation, respectively with 1 layer, with 2 layers and with
3 layers of 17 mm each.Starting from the problem of heat transfer for an
uninsulated bar, in which the mathematical relation between the temperature at the
hot end and the heat Q transmitted along it is developed, the relation for the heat
transmitted through the insulated bar, taking into account the heat lost, was
determined through the lateral surfaces of the constituted route.

Temperature variation along the bar corresponding to the case of finite bar of
reduced length (x =)
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Figure 2.8. The problem of temperature variation along a short bar



(2.3)
0 x=0_0-(ch[m-(1-x)]+o/(A-m)-sh[m-(I-x)])/(ch[m-1]+o/(A-m)-sh[ m-1] )

The dimensionless coefficient m is calculated by relation (2.4):
m=V((o-P)/(A-A)) (2.4)

In the following, the heat flux Q corresponding to the case of a finite bar of
reduced length is calculated, for the particular case x=0.5m
Cu bar perimeter:

P=0.02 m -4=0.08 [m], where the section of the bar is 20 mm x 20 mm, that is
0.02 m x 0.02 m.

Cross-sectional area of the Cu bar:
A=0.02 m -0.02 m=4-10"(-4) [m"2 ]

Cu bar length:

[=0.5 [m]

Convection coefficient for Cu, for bars with dimensions <30 mm:
a=9 [WA(m"2-K)]

Thermal conductivity coefficient for Cu:
A=395.42 [W(m'K)]
We deduce the value of m:

- J“ J R _ 2,133570199114, we adopt the approximate value

393,42:0,0004

of: m=2,134
Determination of the ratio o/(A-m):
a

1-m 39542 -2.134 0,0106657

We adopt the value:
a
—— = 0,01067
A-m
Determining the argument of hyperbolic functions m-l:
m-1=2.134-0.5=1.067

The literal expression of the heat flux is given in the mathematical relation (2.5)
Relation (2.5):



(4
th lfm . ” + m
1+ th(m-D)
We deduce according to the relation (2.5) and the numerical values above, the
numbered relation (2.6), necessary to calculate the heat flow:

Q=m-1-4-6,-

The relation (2.6):
th(1,067 ) + 0,0106657

Q=2134-39542-4-107*- 8, - =0,2674- 6,
1+ 0,0106657 - th(1,067)

Relation (2.6) refers to the case of the uninsulated Cu bar. The application of
special insulation with ceramic fibers has the reason to raise the value of the heat
flow transmitted to higher values than the one resulting from the calculation
regarding the non-insulated bar.

After entering the particular data of the coefficients above, relation (2.3) becomes
relation (2.7):

6, =6, (0,103812 - e*13** 1 0,896148 - e~ >13*¥) (2.7)
During the experiment, temperatures were taken from certain sections of the bar
insulated with ceramic fiber plates.
In table 2.2 is a sample of data to exemplify how to store the experimental data, on
sets taken at a certain time when the experiment took place and an order number
given by the minute at which the actual data was taken for each individual
temperature , of the 5 sections considered and sensorially equipped for temperature
interception.

Ceas Minut | T1_ext T3/4_ext | T3/4_int | T1/2 ext | T1/2_int | T1/4 ext | T1/4_int | T2_ext
315“:’];09 133 37 M 234 42 251 43 294 43
315‘:\;09 134 37 2 235 42 252 43 294 44

2.11. The ceramic fiber plates chosen for the insulation of the thermal energy
transfer route

They are manufactured by a wet vacuum forming process, from a mixture of
crushed ceramic fiber with inorganic or organic binders.
Ceramic fiber boards have low thermal conductivity coefficient, high thermal
stability and excellent thermal shock resistance.
Classification temperature ranges from 1140°C to 1540°C, working temperature up
to 1400°C, density (kg/m3): 300-350.
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The experimental data are tabulated and used to determine the "Mathematical
Model". These data were obtained by the procedures explained at the beginning of
this chapter, with the related means presented. The dependency we determined had
as its main parameter the temperature in the hot spot, which simulates the solar
concentrator. Everything depends on this temperature, so that its fluctuations
determine the fluctuations of the value of thermal heat transmitted along the entire
thermal route of thermal energy transport.
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Figure 2.28. Screenshot of the Excel calculation file a Weighted thermal conductivity
In figure 2.27. shown screen by screen, the relationships of the mathematical
model entered into the MATHCAD computing environment.

;'l-m I:t_:r— int» tx—sxt) = = ’ (Eﬂ'ﬂﬂﬂltx_mr - ED.DDI?-tx_E-m) (215)

Ex—int—tx—ext

In figure 2.28, a screen from the Excel file is shown in which the calculations were
made to determine the weighted average conductivity on the thermo-energy
transport path (thermal transfer), according to the obtained experimental data,
applying the relation (2.15). Thus, the mathematical expression of the weighted
average conductivity (conductivity) was obtained as a function of the temperature
t2 of the hot spot (solar concentrator), represented by relation (2.9) and figure 2.16.

Conductibilitatea medie ponderatd pe 5 puncte

y = -2E-12x* + 2E-095 - 3E-07x2 + 3E-05x + 0,0403
R? = 0,9996




The relation (2.16):
Aty ime) =—2-10712 1, *+2-10"%-2, *—3-1077 -t *+3-107%-t,__+0,0403

The next step was to calculate, similarly to the weighted average conductivity, the
weighted average outdoor temperature of the entire path as a function of the same
temperature t2_ext of the hot spot (solar concentrator). For the calculations, the
weighted average will be used, whose function is obtained by spline interpolation,
with an accuracy of over 99% of the deviation of the mean square. The determined
function can be seen in figure 2.30 and is reproduced exactly by relation (2.17).

—a.4n-13 . B 4m—9. 5 Lan=7 . 4 _ n.4n-5. 3
t’”"‘ipundexr (tjinr) =9-10 tf[nr 10 t:[nr +5-10 tfinr 9-10 tf[nr +
0.0088-1, *—03699-1t, +2669
(2.17)

Temperaturi exterioare experimentale si media ponderata

tl_ext t3 Wt 112 ext tld_ext t2_ext ——1i_med_pond Poby. (t_med_pond)
5 t_ext(°C)

Yy = DE-13x° - 1E-09x* + SE-07x" - 9E-05x* + 0,0088x2 - 0,3699x + 26,60
R* = 10,9983

¢ int(aC) Temperaturi interioare experimentale si media ponderata

ta_int t34_int ——t12_int t14_int t2_int T

Yy = TE-D6x* - 0,0027x* + 0,9093x + 1,5185
R* = 10,9995

Figure 2.31. Indoor weighted average temperature function of the heat-energy transfer path



The relation (2.18):

=7-10"%-t, *—00027-t, *+409093-t, +1,5185 (2.18)
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t (£, )
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The weighted average unit heat flow that will be taken into account for building
the heat transport path model is given by the relation (2.19):

Ame'“-“tu'm'[r:h }
q”"ﬂdp:lnd [tﬂmr) = -5 - [tma dFI:'-‘lI.'vl-[nr [tf[nr) - tmﬂdpl:l.‘ln'gxr (t:[.‘lr )] (219)
For the analytical calculation of heat losses through the insulating material made of
ceramic fibers, the classical formula from relation (2.20) was used:

q= ﬁ’;ﬁ"'d | I:1':!':&15 - tgxt] (220)

o — the thickness of the ceramic fiber insulating layer

tint — the temperature at the surface of the copper bar (interceptable by means of
temperature probes "buried"” in the insulator layer, until their direct contact with the
outer surface of the copper bar)

text — temperature at the surface of the insulating layer (interceptable with the IR
thermal imaging camera)

A_med — average conductivity of the insulating layer
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Figure 2.32. Energy balance. a) non-isolated route; b) isolated route

2.12. Simulation results

Starting experimentally with measurements corresponding to the section of 20 mm
x 20 mm, with two insulating layers (34 mm), the mathematical model of energy
calculation was obtained. In this model, the thickness of the insulating layer and
the section of the thermo-energetic path are varied.



PUTEREA TRANSFERATA si DISTPATA 20mm x 20mm x 500mm

2l
B

Puterea transforati (W)
2

o -y
+% —100
:
;; N
b " S oe
g ﬂ.&g%z-ﬁ-g%weﬂ‘ sy aEeEe

Qdisipat(x)
oo
Q_disipat)(x)

Q_disipat3(x)
oo}

Puterea disipatd (W)

PUTEREA TRANSFERATA i DISIPATA 70mm x 70mm x 500mm

Puterea transforatd (W)

" 400
Qaispatl(s) Jg
oo

Qd.\s:paﬂ(x) H

200 IS

50 725 95 1175 140 1625 1852075 230 2523 205 2973 300 3425 363 3875 410 4325 433 4775 500 Oxﬁﬁf%ﬁ.;%%ﬁ%ﬁii?fﬁgifmh 320 342.5 365 3873 410 4325 433 4713 §
Temperatura captatoruiui solar (Celsius) Temperatura capm;nmi solar (Celsius)
A B
Figure 2.33. Simulation results. A.20 mm x 20 mm; B. 70 mm x 70 mm;
Simulation results
Sectiune P_solar | P_1strat | P_2strat | P_3strat Caz n_1strat | Q_2strat | n_3strat
20x20 20 134 50 76 92 20 37,31 56,72 68,66
25x25 25 176 65 102 125 25 36,93 57,95 71,02
30x30 30 220 85 130 158 30 38,64 59,09 71,82
35x35 35 263 105 156 193 35 39,92 59,32 73,38
40x40 40 306 124 187 225 40 40,52 61,11 73,53
45x45 45 348 144 216 261 45 41,38 62,07 75,00
50x50 50 400 163 245 296 50 40,75 61,25 74,00
55x55 55 446 182 273 335 55 40,81 61,21 75,11
60x60 60 493 205 309 370 60 41,58 62,68 75,05
65x65 65 540 225 341 400 65 41,67 63,15 74,07
70x70 70 588 248 376 441 70 42,18 63,95 75,00

Puterea maxima transmisa pe tipodimensiune
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Figure 2.35. Simulation results, section approximation functions of the caloric power transmitted
depending on the size of the thermo-energetic route section
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Figure 2.36. Simulation results, power transmission efficiencies

As can be seen in Figures 2.35 and 2.36, the results of the simulations are shown,
which refer to the maximum power transmitted on the paths with one layer, two
layers and three layers, respectively the efficiencies of the heat transmission paths
with the same number of layers. The conclusions related to the actual values of
these simulations are presented in the Conclusions chapter.



3. Improving the energy efficiency of buildings by using the earth as a

renewable source of heat, combined with a variable vacuum insulating envelope

3.1. Mathematical modeling and numerical simulation of dynamic behavior

Energy efficient buildings in the 2020s must be insulated, sealed and electrically
served by alternative energies, a response to the realization of the principles
imposed and the neutralization of the effects of climate change. For this purpose, it
Is_necessary to study the properties of the materials currently used to make
insulation envelopes and to design a construction model that maximizes efficiency
by integrating the best combination of resistance structure and thermal envelope,
making it possible to take into account the energies alternatives for winter heating
of this model. The portable storage of the alternative energy used to heat the
specific building type is another novelty element of the energy transfer concept
during the calendar periods with peak consumption for heating, but which is useful
throughout the year in the various situations of high consumption in the case of an
off-grid home isolated from the national energy network.
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Figure 3.0. Determinants of enerqgy efficiency of buildings




3.2. Argumentation of the notion of land-renewable source

The earth represents a renewable source of energy, geothermal exploitation
being an eloquent example. In this paper | refer to another idea regarding this
desired, namely: The idea of the earth-renewable source refers to the thermal
characteristic of the earth in the surface area, a few meters deep, which implies
the ability to maintain a constant temperature throughout time of year.

The earth behaves like a veritable condenser/thermal accumulator, which
takes the solar heat from the warm season and stores it in its telluric structure, so
that the average annual temperature of a geographic area is found in the earth's
surface layer, at a constant value, throughout the year. We can look at the surface
layer of the earth as a source of thermal energy, which has the ability to maintain a
constant temperature throughout the calendar year, at different depths, due to the
characteristics of the earth regarding low thermal conductivity, and leads to the use
of these properties in heating and cooling systems. cooling. The heat pump of this
telluric system is the sun. The earth only has the capacity to store and, due to its
enormous mass, to smooth out the fluctuation over time, like a filtering capacitor.

3.3. Innovative architectural system

The architectural system is based on two concepts of external insulation:
- The "board" concept

- The "house in a house" concept

The "house in a house™ concept involves two exterior walls of the home, with an
air space between them.

The innovative architectural system assumes the following characteristics:
1. The architectural root is the classic housing case from figure 3.2.a.

2. The addition of "Empty Space" around the "Useful Space"”, merging the two
concepts exposed above, respectively "house in house” and "thermos", the vacuum
having the lowest thermal conductivity.
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Figure 3.1. The concept of "house in house” Figure 3.2. Innovative architectural system

Innovation 2 below, from figure 3.3, can also be added to the system presented
above. The system requires ventilation, which requires bringing air from outside to
inside. In the cold season, the outside air is cold, at very low values.

The innovation involves preheating the outside air before it is injected inside. The
process must be natural, convective and non-consumer of grid enerqy.
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inowvatie 2

a. Caz clasic

b. inowatie 2
Figure 3.3. Architectural system further innovated with innovation 2
3.3.1. Advantages of the system
The perceived advantages of the system in question are the following:

Aval. Insulation of 5 facades out of a total of 6, in the classic style "with earth all
around”, which makes the external temperature of these facades constant
throughout the year, at a value below the comfort value of "Usable Space".

Ava2. The temperature of the earth, for the cold season, substantially lowers the
indoor-outdoor temperature difference, reducing the heating effort of the "Useful
Space", heating it naturally, whatever the outside atmospheric temperature.

Ava3. The temperature of the earth, for the warm season, helps to take the heat
from the "Useful Space”, cooling it naturally, whatever the outside atmospheric
temperature.

Avad. In addition to earth insulation, an air/vacuum space is added, which allows
an additional thermal barrier to be created in the cold season, to further reduce the
heating effort of the "Useful Space"



Avab. The ability to vary the vacuum level between the minimum limit equal to the
atmospheric pressure and the maximum equal to the highest value that the system
can offer, allows the energy effort required for vacuuming to be optimized
according to the value of the indoor-outdoor temperature difference in the cold
season , and in the warm season it allows a good thermal transfer between the
"cold" air zone of the telluric perimeter space and the "Useful Space".

Vacuuming the perimeter space allows adjusting the thermal resistance according
to the thermal needs of the moment.

The degree of sealing of the space subjected to vacuuming differs from the
quality of the envelope made (materials, joints, etc.), and the effort to maintain a
vacuum level for a certain period will require values of the energy consumed
inversely proportional to the mentioned degree, depending on the case. A low
degree of sealing will make the idea of vacuum inapplicable.

The mathematical model was designed to optimize the physical size of the
envelope directly determined by the distance between the outer and inner walls of
the home considered. The thermal resistance of the tire is high if the distance
between the walls is large, if the tire is full of air.

The mathematical model allows the simulation of several tire thicknesses,
with the estimation of the energy gain produced by the vacuum of the tire, in the
cases of temperature differences that impose the vacuum as profitable, and, with it,
the yield of the innovative system.

In Figure 3.6, the image of the section of the innovative architectural system is
shown, where the proposed constructive details can be seen.
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Figure 3.6. Innovative architectural system section



3.3.2. Description of solar walls. Principle.

Another way to increase the energy efficiency of existing or new buildings is
to capture thermal solar energy by capturing it and using it to heat the interiors
during the cold season.

Figure 3.7 shows the working principle of the solar wall system without air
circulation. Everything is based on the trapping of solar heat in the space beyond
the glass, heat that heats the outer wall of the building, which together with the
glass forms an enclosure in which the solar heat is stored.
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Figure 3.7. Solar walls without air circulation  Figure 3.8. Solar walls with air circulation

Figure 3.8 shows the working principle of the solar wall system with air
circulation. In addition to the situation presented previously, in which a
transformation of the outer wall into a heat source for the inner chamber takes
place, an air circuit appears whose flow is maintained by convection.

3.3.3. CCIT energy efficient building system (Telluric Insulated House)
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Figure 3.9. Tellurically insulated construction




Figure 3.10 shows the concept of "house-in-house with telluric isolation™,
which means a construction in the telluric-insulated construction, between the two
constructions, the inner and the outer one, there is an air space. The building
system with improved energy efficiency will allow heating in the cold season, with
electricity generated by renewable energy sources, specifically targeting
photovoltaic energy.

3.3.4. Portable energy

If in the cold season, the photovoltaic system does not produce that 1.5 Kw.day, we
thought of a backup energy system, called Portable Energy.
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Figure 3.11. Off-grid building powered and with UEP units

This notion-concept makes the UEP to be designed in such a way that it
starts with a capacity of approximately 1.2 KW, so that it can then be upgraded to
2.4 KW by adding only a battery group identical to that of starting. The energy
system of the building becomes a multiple of UEP, so a certain number of such
energy units, ensures a minimum necessary autonomy through their simultaneous
use through the three basic functions: charging, storage and discharge
(consumption), as in figure 3.11 .

3.4. Mathematical modeling of the energy optimized building

In these sub-chapters | have done the mathematical modeling of sixteen quantities
that characterize the proposed experiment, the concept | am studying. Among
these, | will present in this summary two mathematical models.

3.4.1. Mathematical modeling TIRE VOLUME - Mathematical modell
Description:

In figure 3.12, the mathematical model 1 is shown schematically. The role of this
model is to allow modeling the envelope, changing the geometry of the building.




The geometry of the house is characterized by specific parameters, namely the
elevations that define the volumes of the interior and exterior spaces. The tire is an
intermediate space whose volume depends on the elevations of the bounding
spaces. The model allows easy modification of the geometry, by changing the
specific parameters, presented in figure 3.5. The user of the model can simulate
various sizes for the tire, so that through successive simulations he can detect the
optimal variants that lead to an increase in the enerqy efficiency of the building.
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Figure 3.12. Scheme Mathematical model 1
ENTRY 1

House geometry - Geometric parameters:

L1 — Size 1 home footprint

L2 — Size 2 home footprint

H — Height to floor

gZi — Inner wall thickness

gZe — Outer wall thickness

gG — Gap thickness (distance between inner wall and outer wall)

A 1 - Delimited area 1
A 1=(L1-2-x-gGe)(L2-2x-gGe) [1]
A 2 — Delimited area 2
A 2=(L1-2-x-gGe-2xgG) (L2-2-x-gGe-2-x-gG) [2]
A sectiune_anvelopa — Area of the tire section
A tire_section =A 1-A 2[3]
V_anv —Tire volume
[(V_anv] =A tire section-H [4]
EXIT1
Tire volume:



3.4.5. Mathematical modeling ENERGY FOR EMPTY
AT PRESET PRESSURE
— Mathematical model5

Description:

In figure 3.16, the mathematical model 5 is shown schematically. The role of this
model is to allow the modeling of the energy Epv consumed during the
depressurization period at the maximum vacuum value, starting from a preset value
of the pressure up to which pressurization is allowed. The inputs to the model are
the vacuum pump power, denoted Ppv, and the time 13.
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Figure 3.16. Scheme Mathematical model 5

13 (h) — the partial time of vacuuming/depressurization
Ppv (W) — vacuum pump power

T3
Ep\(t3) := Ppvadx
0 (9]
EXITS
Epv

Mathematical model reasoning description: The tire emptying/vacuuming
operation is automatic and involves an on/off cycle, depending on the preset



pressure p_preset, having a value between 0 and 1 bar, according to those shown in

figure 3.17.
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Figure 3.17. Representation of the duty cycle of the tire vacuum pump

Figure 3.20 highlights the much reduced value of the thermal conductivity of the
vacuum envelope compared to the conductivities of air and basalt wool.
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Figure 3.20. Positioning the envelope conductivity value in relation to other performing
insulation solutions Figure 3.21. Linear dependence between

tire pressure and its thermal conductivity

The assumption of linearity of the dependence of conductivity on depression is a
natural one (see Figure 3.21), but the study can be deepened to determine
experimentally through mathematical regression, the function that correlates the
two physical quantities.




3.5. COMPUTER SIMULATION RESULTS

The mathematical model led to the creation of a simulation program, written in
MathCAD, which allowed and allows the simulation of several real situations in
accordance with the design ideas of energy efficient buildings through the vacuum
envelope.

The model allows a series of variable input sizes, through which a series of energy
results can be calculated that help the designer find the optimal solution for
increasing the energy efficiency of the respective building.

Regarding the input quantities of the mathematical model, they are:

- Vacuumed tire thickness (mil)

- Inner wall thickness (mi2)

- Outer wall thickness (m3)

- External wall conductivity (mi4)

- Internal wall conductivity (mi5)

- Vacuum pump power (mi6)

- Vacuum capacity (mi7)

- Vacuum tire sealing coefficient (mi8)

- Outside temperature (mi9)

- Internal temperature (mi10)

- Geometry of the footprint of the home (mill)

- Height of walls (mil12)

- The pressure set to restore the vacuum in the tire (mil3)

The simulation results, presented in this chapter, refer only to case studies that
require the modification of only parameters mil, mi8, mi9, mi1l0 and mil3.

3.5.1. The study by computer simulation of the aspects of the experienced
energy case

The following aspects of the considered energy case are studied:

- Study 1. The influence of the tire pressure range, respectively the
vacuum_set_pressure. Adjusting, with a certain energy consumption, the level of
conductivity of the tire. If the tire sealing is non-compliant, the energy to maintain
the vacuum is very high and this operation becomes unprofitable. The minimum
allowable level of tire sealing at which the use of vacuuming is effective must be
determined.

Figure 3.33 shows the simulation results for all 3 cases of the sealing coefficient
presented above.
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Figure 3.33. Simulation results for 3 distinct sealing coefficient situations

The unit efficiency coefficient (CEU) represents the energy gained per square
meter of surface, the higher this value, the better the result.

- Study 2. The influence of tire thickness to determine the optimum value,
for a certain average temperature difference of the cold season, in a certain
geographical area.

Rezultate energetice la AT=31K si1 C_pierdere=0.1 bar/
k

- Figure C34. Simulation results of tire thickness influence study

In Figure 3.34, the results are presented in the form of a graph, everything
being a function of the thickness Gg of the vacuum/air envelope, the studied
parameter. The 24h energy gain is the indicator that allows an evaluation of the
effectiveness of each individual case.



- Study 3. The influence of the temperature difference on the efficiency of
the vacuum state in the tire, determining the minimum value at which the
vacuuming is triggered. The vacuum should be seen as an energy efficiency
operation in extreme low temperature situations, in order to reduce the
consumption in order to heat the building.

Coeficientul de Efiecienta Unitar

Figure C36. graph of tire surface influence on unitary energy efficiency

Figure 3.35 shows the graph of the dependence between the unitary energy
efficiency and the indoor-outdoor temperature difference.

- Study 4. The influence of building size on the energy efficiency of the
vacuum envelope system. The larger the building, the greater the efficiency of the
tire system.
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Figure C36. graph of tire surface influence on unitary energy efficiency



It was calculated on the four "energy" columns:

- Q_24 Kk - the energy dissipated through the vacuum/air tire perimeter, for
24h, under vacuum tire conditions;

- E_pump — energy spent a time calculated for the pump, during 24 h;
Q_24 k_a—the energy dissipated through the perimeter with a vacuum/air tire, for
24h, under air tire conditions;

- Energy gain 24 h — The difference between the energy of the air variant
and the sum of the energies of the vacuum variant and the energy actually spent
maintaining the vacuum for 24 h.

- The pressure set to trigger vacuuming is p_setat vacuumare = 0.5 bar.

- AT =24 0C, corresponding to Romania's January average.

The dimensions taken into account for the model are:

L1=7m/8m/9m/10m/11m/12m/13m/14m/15m/ 16m,

L2=4m/5m/6m/7m/8m/9m/10m/11m/12m/ 13m, H=2.5m.

In this way, the influence of the tire perimeter surface on the energy unit
efficiency was simulated. Table 3.4 shows the results of the simulation, and figure
3.36 shows the graph of the influence of the tire surface on the unit energy
efficiency.



4 « Conclusions and personal contributions
4.1. Conclusions

Renewable energies are sufficient to satisfy the energy consumption of the
world map. The yields of the conversion processes of these renewable energies into
working energies are still low compared to the yields of conventional energy
systems. Research and development is accelerated to increase these yields, in order
to generalize renewable energy sources. Renewable energies are mainly thermal
solar, photovoltaic, wind, oceanic (wave, tidal, thermal), hydropower, geothermal
and biomass.

Among all these types of energy, a permanent source for exploitation is
ocean energy. We can say in a plastic way that "the ocean never sleeps”. The
problem of exploiting this type of energy is that the floating or shore layers are
complex systems that require appropriate framework investments.

Wind energy is also exploitable in the sense of quasi-permanence, but only
in geographical areas that present this energy potential. Making wind turbines is
already a mass manufacturing process, and the number of them in operation is very
large. The yield of energy extraction is very high, but the permanence of this
source does not compare to that of the oceans.

Flowing water is a huge energy potential, especially those rivers and
streams with high and very high flows. The energy yield is very high, which makes
this type of energy a renewable source highly targeted by energy experts. The rich
hydrographic basins, such as for example the one in Romania, represent a real
energy wealth for the respective geographical area. A beneficial collateral effect, in
the existence of power plants, is that the retention of water in dams makes it
possible to feed the water tables, without which the sources of drinking water
would be fewer and more limited in quantity.

Geothermal energy is as large as that of the oceans, in the sense that it can be
tapped anywhere on land, 24 hours a day. The Earth itself is a source of heat,
advancing vertically into its depths. But there is another view of the thermo-
energetic potential, namely that the surface temperature of the soil is quasi-
constant, representing the thermal average of the year in this geographical area. For
example, on the 450 parallel, the constant temperature of the soil is about 110 C.

Biomass is another ancient energy source. Wood fires and the heat generated
by manure fermentation have been known since ancient times. The possibility of
forest regeneration makes wood a renewable energy source. Natural zootechnical
cycles produce biomass that allows it to be exploited for heat and combustion
gases.



From the study of chapter 1 we found that a type of renewable energy
accessible in our country is thermosolar. From the same study presented in chapter
1, | also derived an idea related to another type of renewable energy exploited in
our country, namely geophysical energy. Based on these ideas derived from the
extensive synthesis about renewable energies, we have developed two research
studies in order to develop innovative energy systems.

Chapter 2 was dedicated to the study of energy transfer between the
focal point of a parabola-type thermosolar concentrator and the spherical
articulation point where a Stirling engine dedicated to thermo-electric conversion
Is located. Solar concentrators are complex systems, containing dynamics
throughout the day, by means of heliostats. A fixed position of the concentrator in
relation to the source (the sun) leads to the loss of a substantial amount of energy, a
fact for which the heliostat generates a series of constructive advantages, thus the
construction of a parabolic concentrator system becomes very simple, avoiding the
solution with the placement of the camera hot Stirling engine directly at the focal
point.

The use of the solid substance (copper in this case) allows energy transfer
over short distances with high yields, which makes such a thermal solution
possible.

Isolation of the solid path is a key point in increasing energy transfer
efficiency.

We have used and researched insulating materials made of ceramic fibers, in
which case we have obtained good results. But, bearing in mind that there are
much more effective insulating materials, the results may be much better than
those recorded by my modeling and measurements.

The model in question was the basis for creating a simulation program in
MathCAD, a fact that allowed EXTRAPOLATION. | used the model for cases of
section up to 70 x 70 mm, which allowed me a quantitative-energetic analysis to
appreciate the yields of increasingly larger concentrator systems. The concrete
results obtained are presented in detail in chapter 2.

The conclusion, following the analysis of the simulated results, is that the
insulated bars with ceramic fibers represent a viable solution to transfer the thermal
energy of the focal point of a parabolic concentrator, to the point of articulation
where a Stirling engine intended for thermo-electric conversion can be placed.

The conclusion, following the analysis of the simulated results, is that the
insulated bars with ceramic fibers represent a viable solution to transfer the thermal
energy of the focal point of a parabolic concentrator, to the point of articulation
where a Stirling engine intended for thermo-electric conversion can be placed.

Chapter 3 is dedicated to a house/building energy model that uses
geophysical energy. The earth can be seen as a heat source constant in temperature



throughout the year. This fact presents a great advantage, namely, the constancy of
the soil temperature regardless of the season. Earth, as a material, is an unbeatable
insulator. The famous and at the same time archaic clay bricks, called adobe,
represent a construction alternative that possesses an exceptional degree of
insulation. Starting from this ancient concept still used today in the hottest
geographical places on the globe, | proposed and realized a study of an
energetically improved building, regarding the use of geophysical energy as a
determining element of passivation.

For this purpose, we designed a parallelepiped-type housing scheme that has
five faces out of six connected to geophysical energy. Basically we are talking
about a house buried in the ground that benefits all year round from an external
temperature on these five sides of 110 C. Thus in the cold season, ATextint = 9-
110 C, and in the warm season the house benefits from the same temperature
difference.

Emptying the air envelope between the two "houses"” requires a series of
performances in the act of construction, to ensure a high degree of sealing. You
can use the specific materials for the insulation of swimming pools or walls with
infiltrations, or the pleura for the insulation of roofs, so that the tire or thermos-
type space has a very small pressure loss per unit of time.

Cumulatively, the three innovative aspects presented lead to an improved
housing model in terms of energy efficiency, very attractive, especially in the
current context of the energy crisis. Such a home can be served by photovoltaic
panels and/or solar concentrators, because the amount of thermal energy needed
for heating in winter is very low due to the degree of energy passivation conferred
by the geophysical capacity and the innovative ideas conceived.

4.2. Technical/technological possibilities of making vacuum/air pleura
with high and durable sealing

The answer to this technical problem lies in:

10. Rigorous construction of walls (exterior, interior) with monitoring of the
quality of the masonry and plastering operation;

20. The adhesive for the building will be a special one with the necessary
pool-type chemical additives;

30. The interior/exterior plastering material for the exterior wall will be a
special swimming pool type;

40. The interior plastering material for the interior wall will be a special
swimming pool type;

50. Maintenance of the plastering of the two walls will be done as follows:

5.10. To the outer wall through the outside;



5.20. To the interior wall through the interior.
60. Application of pleura-type insulation specific to horizontal roofs;
70. Provision of special plugs (top, bottom) whose characteristics are not
disclosed in this paper to secure the invention.

4.3. Personal contributions:

C1. The extensive study on currently exploited renewable energies, with a
detailed rendering of the principles, with suggestive schemes that conceptually
complete the image of the respective energy systems as a whole.

C2. The study of the energy transfer on solid matter in the case of solar
concentrators, with insulation from ceramic fiber insulating materials:

Identification of the insulating materials required for such a transfer by
studying the specialized technical documentation that provided numerical data
through which a selection could be made.

- Identification of the solid substance for heat transfer, selecting the copper
material according to the technical documentation;

- Conceptual innovation of an energy system with parabola-type solar
concentrator (especially the joint between two segments of solid substance);

- Conceptual innovation of an energy system with Fresnel-type solar
concentrator (in particular the idea of intermittent taking over of the continuous
thermal flow from the concentrator, thus controlling the maximum temperature in
the solid substance);

- Complex mathematical model for modeling the thermal flow through the
solid substance, which allows different sections and length of a transfer segment;



