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DARBA AKTUALITATE

Rietumeiropai raksturigais augstais dzives limenis p&dgjo gadsimtu laika ir
patstavigi kontrastgjis ar savulaik jaunapgiito energonesgju (naftas, dabas gazes,
kodoldegvielas) triicigajiem resursiem un nepiecieSamibu biit liela mera atkarigai
no importa piegadém. Lai $o atkaribu un ar to saistitos negativos efektus gan
individualam gala lietotajam, gan tautsaimniecibai kopuma iesp&jami mazinatu,
tiek izdoti energétikas nozari veicino$i un regulgjosi likumi, normas utt.
(Nersesian, 2007; Siegel et al., 2008).

Picaugosais pieprasijums péc energijas, ierobeZotie fosila kurinama
krajumi, ka ar7 vides piesarnojums un globalas klimata parmainas p&dgjos gados
pasaulé radijusi pastiprinatu interesi par atjaunojamiem resursiem. Jau sen ir
izgudroti Gidenraza dzingji, videi draudzigas saules baterijas, saules energijas
kolektori, v€ja generatori un citas atjaunojamo energijas avotu iekartas
(Kaltschmitt et al., 2007). Atbalsts atjaunojamo resursu izmanto$anai ir kluvis
par nozimigu Eiropas Savienibas politikas sastavdalu.

Galvenais strat€giskais mérkis attieciba uz atjaunojamiem energoresursiem
ir optimala Latvijas atjaunojamo energoresursu potenciala izmanto$ana, nemot
vera ekonomiskas, geografiskas un tehniskas iesp€jas, ka ari vadoties no
ekonomiskajiem, vides un energgtikas attistibas aspektiem, vienlaikus nemot
vera starptautiskos un Eiropas Savienibas politikas mérkus un prasibas attieciba
uz atjaunojamiem energoresursiem (Lauber, 2005; Frass-Ehrfeld, 2009).

No literatras datu analizes (Trittin, 2003), péc 1990. gada, saules energijas
izmanto$ana siltumenergijas ieguvei tirgli katru gadu pieauga apméram par
13.6%. Kops 2000. gada, Eiropas Savieniba papildus ik gadu tiek uzstadits
vairak neka 1 miljons m? saules energijas kolektoru platibas. Saules energijas
kolektori karsta tidens sagatavosanai veido lielako dalu no kopéja Eiropas saules
energijas iekartu tirgus. To cena ir relativi zema, un to montaZa uz jumta ir
vienkarsa. Valstis, kur jumti ir tradicionali slipi, ierikot sist€mas ar dabisko
cirkulaciju, kuras ietilpst smaga un liela Gidens tvertne, ir zinamas gritibas.
Ziemeleiropa sist€mas ar dabisko cirkulaciju netiek izmantotas klimatisko
apstaklu deél, jo ziema ir Joti zemas temperaturas. Galvenokart tiek izmantotas
tehniski progresivas saules kolektoru iekartas karsta idens sagatavoSanai, kuras
ir prasmigi jauzstada, un kuras var apvienot ar papildus karsta tidens un apkures
katlu. Saules energijas izmantoSana siltumapgades sisteémas it Tpasi ir attistijusies
Danija un Zviedrija. Ta ka abas valstis siltumapgades un karsta tidens apgades
sistémas ir jau izveidotas, tad saules energijas iekartas tajas ir relativi viegli
integréjamas. Ja sistémas, kuras ka energijas avotu izmanto Sauli, ir projektétas,
lai nosegtu tikai dalu no vasaras slodzes, tad tas var stradat ar maksimalu jaudu
ar1 bez lielas siltuma akumulacijas tvertnes (EREC, 2010).

Misdienu saules energijas kolektoru iekartas galvenokart tiek lietotas karsta
fidens sagatavoSanai (majas vajadzibam), telpu apsildei, izmantojot apsildamas
gridas, peldbaseinu tidens sildisanai, kaltéSanai un dzesésanai.
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Ka Eiropa, jo Tpasi Vacija, ta ari citviet tehnologiski attistitaja pasaules dala,
devindesmitajos gados radusas daudzas jaunas, nelielas kompanijas, kuras ne
tikai razo attiecigas iekartas, bet arT veic p&tniecibas darbu $aja nozaré (Zauers,
2004; Clement, 2005).

Latvija saules starojumam ir samera zema intensitate. Kopg&jais saules
energijas daudzums ir ap 1109 kWh m? gada, kas ir nedaudz vairak neka
Skandinavijas valstis. Saules siltuma energijas izmantoSanas periods ir no aprila
pedgjas dekades, kad starojuma intensitate ir ap 120 kWh m™, lidz septembra
pirmajai dekadei. Saja perioda, aptuveni 1800 stundas iesp&jams izmantot saules
energiju silta Gdens razoSanai, uzstadot saules energijas kolektorus (EA, 2006).
Eso$o tehnologiju izmaksas pakapeniski samazinas, jo tas aizvieto jaunas,
modernakas un pilnigakas.

Promocijas darba pétijumu virziens tiek versts saules starojuma energijas
parveidoSanai siltumenergija, lai uzsilditu wdeni dazadam saimnieciskam
vajadzibam. Tapat ieglto siltuma daudzumu var izmantot lauksaimniecibas
vajadzibam, pieméram, gridu apsildei sivénu atpiitas vietds. Saules iekartu
uzstadiSana, karsta Gdens sagatavoSanai vai telpu apsildei, ir ekonomiski
izdeviga T1pasi tad, kad ir nepiecieSama eso$as siltumapgades sist€mas
atjauno$ana. Planota saules iekartas slodzes dala, attieciba pret papildus apsildes
sistému, ir mainiga atkariba no gadalaika. Papildus siltuma avota slodzes dala
parasti tick nosegta, darbinot apkures katlu, ka kurinamo izmantojot gazi, koksni,
skidro kurinamo vai elektribu.

PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

Pétijumu objekts — saules energijas kolektors ar atstarotdjiem, ta
geometrisko un tehnisko parametru pamato$ana iesp&jami lielaka siltuma
daudzuma ieguvei.

Pétijumu hipotéze — aprikojot plakano saules energijas kolektoru ar
atstarotajiem un Saulei sekoSanas sistému, var iegiit ieverojami lielaku
siltumenergijas daudzumu.

Pétijumu meérkis — pamatot, izstradat un eksperimentali parbaudit saules
energijas kolektora konstrukciju, kurda izmantoti atstarotaji, lai paaugstinatu uz
absorberi krito$a saules starojuma intensitati un nodroSinata ta sekoSana saules
virzienam.

Pétijumu uzdevumi

1. lzstradat teorétisko pamatojumu pilnveidotam saules energijas kolektoram
ar atstarotajiem.

2. lzvertet saules energijas kolektoru konstruktivus risingjumus un
geometriskos parametrus, kuri nodro8ina to darba maksimalu efektivitati.



3. lzpétit un analizet saules energijas kolektoru pagrieSanas mehanismus, kuri
nodrosina sekoSanu Saulei, un izvél&ties ekonomiski izdevigako variantu.

4. lzstradat pilnveidota saules energijas kolektora ar atstarotajiem
matematisko modeli, ar kuru var aprékinat $1 kolektora sarazota siltuma
daudzumu, izmantojot Matlab-Simulink datorprogrammu, veikt kolektora
galveno konstruktivo un siltumtehnisko lielumu skaitlisko vértibu
aprekinus.

5. lzgatavot pilnveidoto saules energijas kolektoru ar atstarotajiem, izstradat ta
eksperimentalo pétjjumu metodiku un veikt Kkolektora eksperimentalas
parbaudes laboratorijas un lauka apstak]os.

6. Noteikt pilnveidota saules energijas kolektora ekonomisko efektivitati
salidzinajuma ar citu veidu kolektoriem un siltuma avotiem.

PETIJUMU METODES

Promocijas darba merka sasniegSanai izmantotas analizes, sintezes,
diferencialvienadojumu risinaSanas, eksperimentéSanas (laboratorijas un lauka
apstaklos), statistiskas un ekonomiskas novert€Sanas pétijumu metodes, ka ari
matematiska model&sana datorprogramma Matlab-Simulink.

Eksperimentos izmantotas Latvijas Lauksaimniecibas universitates
agentliras Lauksaimniecibas tehnikas zinatniska institita (LIZI) laboratorijas,
tehniska baze un laboratorijas iekartas. MeériSanai tika izmantoti licencéti
mérinstrumenti. Tika veikts nepiecieSamo mérjjumu atkartojumu skaits, lai
nodrosinatu pietiekoSu meérjjumu rezultatu precizitati un ticamibu. Rezultatu
noverté$anai tika izmantota statistiskas datu apstrades programma MS Excel.

AIZSTAVESANAI IZVIRZITAS TEZES

1. Saules energijas kolektors ar atstarotajiem ir efektivaks par cita veida saules
energijas kolektoriem.

2. lekartas saulei sekoSanas mehanismam nav nepiecie$ama nepartraukta
darbiba.

3. Izstradatais matematiskais modelis dod iesp&ju prognozét no saules
energijas kolektora ieglistamo siltuma daudzumu.
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kolektors ar stinveida polikarbonata absorberi. Latvijas patents LV 13696
B. F24J2/42, 20.09.2008. Patenti un pre¢u zimes. Latvijas Republikas
Patentu valdes oficialais véstnesis - Nr. 9, 2008.

Putans H., Ziemelis 1., Kancevi¢a L. Saules energijas kolektors ar divdaligu
absorberi. Latvijas patents LV 13711 B. F24J2/42, 20.06.2008. Patenti un
precu zimes. Latvijas Republikas Patentu valdes oficialais véstnesis - Nr. 6,
2008.

Putans H., Ziemelis 1., Kancevi¢a L., Putans A. Saulei sekojo$a energijas
kolektorierice ar atstarotajiem. Latvijas patents LV 13713 B. F24J2/42,
20.06.2008. Patenti un pre¢u zimes. Latvijas Republikas Patentu valdes
oficialais vestnesis - Nr. 6, 2008.

Kancevica L., Putans H., Ziemelis L., Putans A., Jesko Z. Saules energijas
kolektoriekarta ar atstarotajiem. Latvijas patents LV 13549 B. F24J2/42,
20.05.2007. Patenti un pre¢u zimes. Latvijas Republikas Patentu valdes
oficialais vestnesis - Nr. 5, 2007.

Ziemelis 1., Kancevi¢a L., Jesko Z., Ziemelis E., Putans A. Saules energijas
plakana kolektora absorbers ar kanaliem. Latvijas patents LV 13516 B.
F24J2/04, 20.03.2007. Patenti un precu zimes. Latvijas Republikas Patentu
valdes oficialais véstnesis - Nr. 3, 2007.

Putans H., Ziemelis 1., Viesturs D., Kancevi¢a L., Putans A., Ziemelis E.
Plakana saules energijas kolektoriekarta. Latvijas patents LV 13371 B.
F24J2/02, 20.01.2006. Patenti un precu zimes. Latvijas Republikas Patentu
valdes oficialais véstnesis - Nr. 1, 2006.

Uzstasanas starptautiskas zinatniskas konferencés ar zinojumiem

The tracking system for solar collectors with reflectors. Third International
Scientific  Conference: RENEWABLE ENERGY AND ENERGY
EFFICIENCY. Jelgava: Latvia University of Agriculture, May 28"-30",
2012.

Substantiation for construction of solar collector with reflectors. 10"
International Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Jelgava, Latvia University of Agriculture, May 26" -
27", 2011.

Energy produced by solar battery and perspectives of it’s usage in Latvia.
Vide. Tehnologija. Resursi: VIII starptautiskas zindtniski praktiskas
konference, Rézekne, Rézeknes Augstskola. Inzenieru fakultate, Latgales
ilgtsp&jigas attistibas p&tnieciskais institiits, 2011.gada 20.-22. jlnijs.
Investigation of Solar Collector Irradiated from Both Sides, Biosystems
Engineering 2010. Tartu, Estonia, 13" -24"" May 2010.

Analize of Meteorological Data for Development of Solar Collectors. 6
International  Scientific Conference ENGINEERING FOR RURAL



10.

11.

12.

13.

14.

15.

DEVELOPMENT. Latvia University of Agriculture, Faculty of
Engineering. May 24™ -25", 2007.

K pa3BUTHIO TJIOCKHX CONHEYHBIX KOJUICKTOPOB. 5-s1 MEXAyHapoIHAas
HaYYHO-TIPAaKTHYEeCKass KOHMEPEHIUS JKO0I02UsL U CelbCKOXO3AUCHEEHHA
mexuuka. Poccust, Cankr-IletepOypr. 15-16 mas, 2007.

Investigation on water heating by solar radiation. P&tjjums par tdens
sildiSanu ar saules radiaciju. International conference ECOBALT 2007.
Latvia, Riga. May 10" -11", 2007.

Increase of the Efficiency of Solar Collectors. Second International
Scientific Conference BIOMETRICS AND INFORMATION
TECHNOLOGIES IN AGRICULTURE: RESEARCH AND
DEVELOPMENT. Lithuania, Kaunas, Lithuanian University of Agriculture.
November 24™ -25", 2006.

Development of solar collectors. YcoBepiieHCTBOBaHHE COJHEYHBIX
komtektopoB.  International ~ Conference DEVELOPMENT  OF
AGRICULTURAL TECHNOLOGIES AND TECHNICAL MEANS IN
ECOLOGICAL AND ENERGETIC ASPECTS. No. 11. Lithuania,
Raudondvaris. September 14™ -15™, 2006.

Acquisition of some meteorological parameters for the development of
solar collectors. International Scientific Conference RESEARCH FOR
RURAL DEVELOPMENT 2006. Latvia University of Agriculture,
Department of Post — Graduate Studies. May 19™ -22™, 2006.

Analyze of meteorological parameters for development of solar collectors.
5" International Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Latvia University of Agriculture, Faculty of
Engineering. May 18" -19", 2006.

Mirror-collector for solar water heating. 5" International Scientific
Conference  ENGINEERING FOR RURAL DEVELOPMENT. Latvia
University of Agriculture, Faculty of Engineering. May 18" -19", 2006.
CosHEeYHBI KOJUIEKTOp C oTpaxkareiaeMm. Tpynsl 5-oif MexayHapoIHOM
HAyYHO-TEXHUUYECKOH KOH(epeHIINH Dnepeoobecneuenue u
anepeocbepexcenue 8 cenvckom xosatcmee. Mocksa, THY BUICX6. 16-
17 mas, 2006.

Saules starojums — ekologiski tirs energijas avots. International conference
ECOBALT 2006. Latvia, Riga. May 11" -12", 2006.

Rational water heating by solar energy. The Second International Scientific
Conference Rural Development 2005. Lithuania, Kaunas, Lithuanian
University of Agriculture. November 17" -19", 2005.

Daliba ar promocijas darbu saistitos projektos

2011.-2013.9. — asistente LZP projekta Nr. 09.1049 ,,Laukkopibas tehnikas
atbilstibas pétfjumi un efektivas izmantoSanas metozu un funkcion&$anas
modelu izstrade konvencionalajai un ekologiskajai saimniekoSanai”.
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2009.-2012.9. — pétniece ESF projekta ,,Cilvékresursu piesaiste atjaunojamo
energijas avotu petijjumiem”.

Liguma Nr. 2009/0225/1DP/1.1.1.2.0/09/APIA/VIAA/129.

2007.g. — eksperts ESF projekta ,InZenierzinatnpu studiju satura

modernizacija  Latvijas  Lauksaimniecibas  universitate”.  Liguma
Nr. 2005/0124/VPD/ESF/PIAA/04/APK/3.2.3.2./0066/00.7.

DARBA ZINATNISKA NOVITATE UN PRAKTISKAS
IZMANTOSANAS IESPEJAS

Izveidots originals matematiskais modelis, kas piemérots no saules
energijas kolektora ar atstarotdjiem iegistama siltuma daudzuma
noteikSanai.

Izstradata eksperimentdlo pétjjumu metodika saules energijas kolektoru
parametru noteikSanai uz kolektoru izméginasanas stenda. Metodikas
ietvaros veikta kolektora ickartas aprobacija.

Teorétiski un eksperimentali pamatota konstrukcija saules energijas
kolektoram ar atstarotajiem.

Noteiktas kolektora siltumnesgja ieejosas un izejosas temperatiiru starpibas
izmainas atkariba no apstarojuma intensitates un apstaroSanas laika.
Teorétiski un eksperimentali noteiktas ieglstama siltuma daudzuma
izmainas atkariba no ara gaisa temperatiiras un uztverta saules starojuma.
Eksperimentos pieradits, ka ar saules energijas kolektoru ar atstarotdjiem
iespgjams ieglt lielaku siltuma daudzumu, salidzinot ar cita veida
kolektoriem.

Izveidoti matematiskie modeli, kas lauj novertét saules energijas kolektoru
ekspluatacijas izmaksas un ieguldjjumu atmaksasanas laiku, aprékinat
kolektoru izgatavosanas pasizmaksu un noteikt 1 kWh izmaksas.



1. TEORETISKIE PETIJUMI

Darba teortiskie petfjumi izriet no promocijas darba pirmaja nodala
noteiktajiem uzdevumiem, ticis izstradats teorétiskais pamatojums saulei
sekojoSam saules energijas kolektoram, kuram uz absorberi krito$a saules
starojuma intensitates paaugstinasanai tiek izmantoti atstarotaji, izverteti saules
energijas kolektoru geometriskie parametri, kas nodro$ina to darba maksimalu
efektivitati, petiti un analiz&ti saules energijas kolektoru saulei seko$anas sistemu
veidi, izveloties ekonomiski izdevigako variantu, ka arT izstradats saulei sekojosa
saules energijas kolektora ar atstarotajiem matematiskais modelis $a kolektora
sarazota siltuma daudzuma aprékinam.

Darba gaita risinatie teor€tiskie p&tijumi iedaliti Cetras apaksnodalas, ka
paradits 1.1. attela.

1. Konstrukcijas izstrades pamatojums saules energijas kolektoram ar
atstarotajiem / Engineering substantiation for the solar collector with
reflectors
- Atstarotaju izvietojuma geometriskais pamatojums / Geometrical
substantiation for placement of the reflectors
-Kolektora siltumtehniska analize / Thermal analysis of the collector

2. Saulei sekoSanas sistému analize /
Analysis of the Sun tracking systems
[

3. Matematiska modela izstrade /
Working out the mathematical model
|
4. Simulacijas modela izstrade /
Working out the simulation model

1.1. att. Teorétisko pétijumu iedalijums
Fig. 1.1. Classification of the theoretical research

Pirmaja apaks$nodala tiek pamatota saules energijas kolektora ar
atstarotajiem izstrade, noteikts atstarotaju novietojums, pagrieSanas lenkis,
nemot vera absorbera un atstarotaju izmérus, ka ar1 analiz&ti parametri, kurus Sie
lielumi ietekm@. Tiek veikta siltumtehniska analize, teor&tiski nosakot p&tama
saules energijas kolektora parseguma parametru atkaribu no staru kriSanas lenka,
saules energijas kolektora absorb&to saules energiju, noteikti siltuma zudumi, kas
rodas pétamai iekartai. Otra apaks$nodala satur saules energijas iekartu sekoSanas
veidu analizi, nosakot teorgtiski iespgjamo uztverto saules starojuma intensitati
izskatamajiem veidiem. Un tresaja apak$nodala izstradats matematiskais modelis
saules energijas kolektoram ar atstarotajiem, ka arl matematiskais modelis
abpusgji apstarojamam saules energijas kolektoram. Balstoties uz iegtitajiem
matematiskiem modeliem, ceturtaja apakSnodala tiek izstradati simulacijas
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modeli saules energijas kolektoram ar atstarotajiem un abpusgji apstarojamam
saules energijas kolektoram programma Matlab-Simulink.

1.1. Konstrukcijas izstrades pamatojums saules energijas kolektoram ar
atstarotajiem

Viens no pétijjumu uzdevumiem ir radit pietieko$i efektivu Gdens solaras
sildiSanas Kkolektora konstrukciju, risingjums saules energijas kolektora
lietderibas paaugstinaSanai — apstarot absorbera plaksni no abam pusém, tas ir
konstruét saules energijas kolektoru ar atstarotdjiem. Tada gadijuma nav
vajadziga siltuma izolacija, bet saules energijas kolektoru veido no korpusa
(kastes), kura ievietots karbveida absorbers ar siltummaini, un kuru no abam
pusém noslédz ar caurspidiga materiala plaksni, piem&ram, stiklu.

Abpusgji apstarojamam saules energijas kolektoram saules starojuma
energiju var pievadit koncentréta veida, pieméram, apstarojot karbveida
absorbera abas puses: frontalo ar tieSo starojumu, bet absorbera apstaro$anai no
ta otras puses izmantojot saules energijas kolektora aizmuguré novietotos
atstarotajus (spogulus). Iekartas principiala shéma redzama 1.2. attcla.

1.2. att. Principiala shéma saules energijas kolektoram ar atstarotajiem
Fig. 1.2. Principal scheme of solar collector with reflectors:
1 — kritosie saules stari / falling sun rays; 2 — stiklojums / collector cover (glass);
3 — karbveida absorbers / box type absorber; 4 — atstarotie saules stari / reflected sun
rays; 5 — atstarotaji / reflectors

Noliika pamatot saules energijas kolektora ar atstarotdjiem konstrukcijas
izveidoSanu, tika izvertéts atstarotaju un kolektora geometriskais izvietojums,
noteikti atstarotaju pagrieSanas lepki:

.. =arcsin 2"’; , (1.1)
un
B :larctgE : (1.2)
a2 2 d
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No atrastajam sakaribam (1.1) un (1.2) izriet, ka labas un kreisas puses
atstarotaju novietosanas lenka lielumi ir atkarigi no kolektora absorbera platuma
a un novieto$anas attaluma d. Lielumi a un d ir nosacitie absorbera un atstarotaja
platums un attalums. Ja abi ir vienadi, pagrieSanas lenkis labajam atstarotajam
Pa2=22.5° un kreisajam atstarotajam f,;=30°. Ka redzams labas un kreisas puses
atstarotaju pagrieSanas lenki nav vienadi. Tas izskaidrojams ar to, ka Sy —
maksimalais iesp&jamais pagrieSanas lenkis un f,; — minimalais pielaujamais
pagriesanas lenkis. Gadijumam, kad abi atstarotaji pagriezti pret abpusgji
apstarojamo saules energijas kolektoru vienada lenki (skat. 1.2.att.), apzimg&jot
energijas kolektora absorbera platumu ar &, un atstarotaju platumus ar
a,1=a,=4a,., bet atstarotaju pagrieSanas lenki — ar f3,, izmantojot geometriskas
sakaribas, izteikta viena atstarotaja platuma attieciba pret absorbera platumu:

3, _C0s2p, (1.3)
a, Ccosp,

Svarigs nosacijums vienadojumam (1.3), lai atstarojosas virsmas garums
nekad neparsniedz linedro uztvérja (absorbera) platumu, tas ir a, e, '<l. Tas
nodrosina efektivako atstarojoso virsmu laukumu izmantoSanu.

Darba izteikta koncentracijas pakape. Tas noteikSanai tick nemts véra
koncentratoru vai atstarotaju atstaroSanas koeficients — pg, Kas ir atkarigs no
atstarotaju spektralas atstaro$anas sp&jas (CtpebOkoB, TrepbsnoBuy, 2007;
Chaves, 2008). Aprékinu rezultati apkopoti vienota grafika (1.3.att.), kur
redzama koncentracijas pakapes atkariba no atstarotaju skaita, atbilstosi 2
atstarotdjiem un 4 atstarotdjiem. Aprékinos pienemts, ka p,=0.9.

A
I

35 l:-%\.\
3 —o—d/a

s 25 \.\ —a&— 2 atstarotaji / reflectors
O = \I\
2 \ —— 4 atstarotaji / reflectors
e
15 — ‘\\: RS
:\\\'\4;\_\ \-\

1
S
—=r
=
0 }

0 5 10 15 20 25 30 35 40 45

IB[I
1.3. att. Raksturlielumi saules energijas kolektoram ar atstarotajiem
Fig. 1.3. The characteristics of the solar collector with reflectors:
Ck — atstarotaju koncentracijas pakape / concentration ratio of reflectors; 5, — atstarotaju
pagriesanas lenkis / rotation angle of the reflectors; d/a — atstarotaju novieto$anas
attaluma un saules energijas kolektora platuma attieciba / the ratio between the distance of
the reflector and the width of the solar collector
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1.3. attéla paradita ar attaluma d atkariba no atstarotaju pagrieSanas lenka.
No ta seko, ka dotaja gadijuma optimalais atstarotaju pagrieSanas lenkis f,~10-
17°, kas nodrosina koncentracijas pakapi no 1.5 lidz 3.

Pamatojoties uz veiktajiem pé&tjjumiem un inZeniertehniskiem aprékiniem,
tika sanemts Latvijas Republikas patents LV 13711 B, iekartas izgudrojumam
saules energijas kolektors ar divdaligu absorberi (Putans u.c., 2008). Dota saules
energijas kolektora absorbers izveidots no divam dalam, kuras viena attieciba
pret otru novietotas zem noteikta lenka un to darba virsmas verstas uz atstarotaju
(spogulu) pusi. Lenkis starp absorbera dalam izv€lets ta, lai no spoguliem
atstarotie stari uz S$o lokSpu virsmam kristu zem iesp&jami mazaka lenka.
Piem@ram, ja uz katru pusi rinda novietoti tris atstarotaji (spoguli), tad lenkis
izveléts ta, lai no otra spogula stari atstarotos perpendikulari uz attieciga
absorbera loksnes virsmas. Gadijuma, kad atstarojosie elementi tiek stiprinati uz
parabolas tipa pamatni, tad€jadi tuvinati veidojot parabolocilindrisku virsmu, var
tikt sasniegta daudz lielaka koncentracijas pakape (Welford, Winston, 1989;
O’Gallagher, 2008; Chaves, 2008).

Siltumtehniska analize balstita uz saules energijas kolektora parametru
izmainas pétfjumiem atkariba no staru kriSanas lenka. Aprékinati atstaro$anas pp,
absorbcijas a, un caurlaidibas 7, koeficienti saules energijas kolektora
parsegumam (stiklam). No veiktajiem aprékiniem izriet, ka stikla caurlaidibas
koeficients samazinasies, ja staru kriSanas lenkis pret saules energijas kolektoru
bis lielaks par 50°, ari atstaroSanas koeficients pie §1 lenka strauji picaugs. Bet,
ta ka apskatamam saules energijas kolektoram tiks paredzéta sekoSanas sistéma,
tad, ka redzams no grafika (1.4.att.), apskatamo lielumu izmaipa ir nenozimiga —
lidz pat 10°.

1

Caurlaidibas koeficients /
0.9 Transmission coefficient
—— Atstaro$anas koeficients /
0.8 Reflectance
07 ——Absorbcijas koeficients /
) “~dbsorption coefficient
0.6 -
N N/
w05 \>(
< 0.4 / \
0.3 \
0.2 \
01 —“"\\
0 T — T T T T — T T

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
6, grados / degrees

1.4. att. AtstaroSanas p,, absorbcijas a, un caurlaidibas 7, koeficientu

aprekinu rezultati

Fig. 1.4. The results of the calculations of reflectance p,, absorption a,, and
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Lai precizétu caurlaidibas koeficientu stiklam, kas tiks izmantots konkr&tai
iekartai, tika veikti aprékini atkariba no staru kriSanas lepka ar soli 0.5° un
noteikti vidgjie lielumi.

Novertéta saules energija, ko absorbé saules energijas kolektora absorbers.
Saules starojuma energijai nokliistot uz saules energijas kolektora darba virsmas,
liclaka tas dala tiek absorb&ta kolektora un talak tiek nodota saules energijas
kolektora plastosam Skidrumam, ko arT sauc par izmantojamo energiju.
Termalajas iekartas janem veéra siltuma zudumi, kas atkarigi no to individualas
uzbiives. Veicot So zudumu analizi, nemta vera siltumapmaina starp
konstrukcijas elementiem, aprékinatas siltuma zudumu koeficientu vertibas pie
dazadam ara gaisa temperatliram un v&ja atrumiem.

1.2.  Saules energijas kolektoru pagrieSanas sistémas, kas nodrosina to
sekoSanu Saulei

Lai saules energijas kolektors dienas laika sarazotu péc iesp€jas vairak
energijas, tam jabit orientétam uz Sauli ta, lai saules stari kristu perpendikulari
uz ta darba virsmu, jo tad pie vienadiem pargjiem nosacjumiem, iekartas
lietderibas koeficientam bts maksimala vertiba. UztverSanas sist€mas tiek
iedalitas pec to sekoSanas veida — ap vienu asi (vienasu) un ap divam (divasu), ka
paradits 1.5. attéla. Vienasu sekoSanas sist€émas izmanto pie horizontala
novietojuma, izskatitas promocijas darba — austrumu-rietumu (turpmak ARy),
dienvidu-ziemelu (turpmak DZ,), un paraléli zemeslodes asij, jeb polarai asij
(turpmak ARp) (Duffie, Beckman, 2006; CrtpebkoB, TsepbsiHoBuu, 2007,
Kalogirou, 2009).

1.5. att. Divasu sekoSanas sistémas darbibas principiala shéma
Fig. 1.5. Principal scheme for full tracking system

Lai izvertétu energijas daudzumu, ko uztver saulei sekojoSa virsma, visos
mingtajos gadijumos tika izmantotas dazadas sakaribas. SekoSanas sisttmu
novertéSanai, aprékinu rezultati doti 1.1. tabula. Divasu sekoSanas sistéma dienas
laika uztver maksimali iesp&jamo saules starojuma energiju vasaras saulgriezu
un ekvinokcijas laika. ARp sekoSanas sisttma dod iesp&ju ekvinokcijas laika
uztvert maksimalo saules starojuma energiju, kas ir vienada ar divasu seko$anas
sistémas uztverto, un vasaras saulgriezu laika aptuveni par 8% mazaku starojuma
energijas daudzumu salidzinajuma ar divasu seko$anas sistému. Tas skaidrojams
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ar to, ka saules energijas kolektora slipums ir vienads ar polaro asi, kas savukart
dotaja gadijuma ir vienads ar vietas platuma gradu, un ekvinokcijas laika, kad
0=0°, staru kriSanas lenkis 6=0°.
1.1. tabula/ Table 1.1
Sekosanas sistému uztverta saules starojuma intensitate
Comparison of solar energy received by various modes of tracking

Sekoganas sistemas veids Procentuélais vertejums attiepibﬁ pret divasu .sekoéanas
/ Tracking mode sistému / Percentage comparison to full tracking system
VS /SS E/E
Divasu / Full tracking 100 100
ARp/ E-W polar 92 100
DZ,, / N-S horizontal 74 82
ARy / E-W horizontal 91 68

VS — vasaras saulgriezi / SS — summer solstice; E — ekvinokcija / E - equinoxes

Analiz&jot apkopotos rezultatus, prieksroku varétu dot ARp vienasu
sekosSanas sist€mai, jo iegltie rezultati procentuali ir tuvaki divasu sekoSanas
sisteémai salidzinajuma ar paréjam vienasu sekoSanas sist€mam.

1.3. Kolektora matematiska un simulacijas modelu izstrade

Lai pamatotu saules energijas kolektora lietderigumu, veikti aprékini
planotajam siltuma daudzumam, ko sp€s sarazot §1 iekarta. Piepemot, ka saules
energijas kolektora pagrieS$anas mehanisms 4 (1.6.att.) darbosies ar
partraukumiem, analizgti saules stara kriSanas lenki.
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1.6. att. Darbibas principiala shéma saules energijas kolektoram ar
atstarotajiem
Fig. 1.6. Principal scheme of the operations for solar collector with reflectors:
1 — abpusgji apstarojams saules energijas kolektors / solar energy collector irradiated
from both sides; 2 — absorbers / absorber; 3 — iekartas ramis / frame; 4 — pagrieSanas
mehanisms / the rotation mechanism
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Gadijuma, kad saules energijas kolektora absorbers ir perpendikulars saules
stariem un #=0°, saules starojums, kas nonak uz atstarojoso virsmu ka lielums Iy
(kreisas puses atstarotajam) un |, (labas) punktos O; un O, atstarojas un nonak
lidz saules energijas kolektoram ka lielumi Iy, un I, punkta O. Saule, péc kada
laika nonakot otra pozicija, kad 7'’y klaist ka lielums /', un I’y ka I'j, punkta O,
saules staru kriSanas lenkis mainisies, tad&jadi attéla tiek paradits lenkis 6.

Nemot vera sakaribas, kas nosaka saules starojuma intensitati, kura nonak
uz kolektora darba virsmu, ka arT apliikotos siltumtehniskos parametrus un tos
ietekmgjosos faktorus, izveidotais matematiskais modelis siltuma daudzuma
noteik$anai saules energijas kolektoram ar atstarotajiem ir sekojoss:

2 s (1+ 0.033003(360' HD :
Vs 365
, (1.4)
Q,=36-S,|-cosfry*(1.01- 7y, +1.01- 7,2, 2, COS 23, COS 26)) —
-q, (TI - Tg )
kur  Qy - siltuma daudzums, ko uzkraj saules energijas kolektors, J;

Sy —saules energijas kolektora darba virsmas laukums, me;
7an  — atmosféras caurlaidibas koeficients, relat.v.;
6  —saules staru kriSanas lenkis, grados;
lsc - saules konstante, W m;
n - gada dienas kartas numurs, skaitot no 1. janvara;
7,  —saules energijas kolektora parseguma caurlaidibas koef., relat. v.;
0, - energijas zudumu koeficients, W m? K™
Ty — ara gaisa temperatiira, K;
T; —kolektora ieplustosa siltumneséja temperatira, K;

m, — atmosféras masa, relat.v., kuras vértiba tiek noteikta atbilstosi gada
dienai (nemot véra saulrieta un saullekta laikus, jeb lenkus wg):

m, = 1 , (L5)

T . .
ﬁsm @SinJ + COS ¢ COS S COS W,

kur  ws — saulrieta stundu lenkis, grados;
@  —vietas geografiskais platums, grados;
0  —saules deklinacija, grados vai radianos.

Abpusgji apstarojama kolektora petijumiem izmantojamais matematiskais
modelis:
Qk =3'6'Sk |_2|k770T _qzv(Tiv _Tgv)J’ (16)

kur 7, — kolektora optiskais lietderibas koeficients, relat.v.,
kas izversta veida izklastits promocijas darba.
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Teorétiska siltuma daudzuma, ko iesp&jams iegiit no abpusg&ji apstarojama
saules energijas kolektora ar atstarotajiem, noteik$anai tika izmantots simulacijas
modelis. Modelis tika izstradats Matlab-Simulink programma, izmantojot
vienadojumu (1.4). Lai vienkarSotu simulacijas procesa aprakstu, simulacijas
modelis tika sadalits trijos blokos, kuri apziméti ar burtiem A, B un C.

1.7. attéla paradits bloku A, bloku B un bloku C apvienojums, tad&jadi
teorétiski paradot saules energijas kolektora ar atstarotajiem ieguta siltuma
daudzuma noteik$anai simulacijas modeli, atbilsto$i formulai (1.4). Simulacijas
modela bloks A (skat. 1.7.att.) izvérté koncentracijas pakapi, ievérojot atstarotaju
pagrieSanas lenka atkaribu no saules energijas kolektora parametriem. Par
pamatu $im blokam tiek izmantotas sakaribas S, noteikSanai un Cy noteikSanai.
levadot zinamos parametrus — vietas platuma gradu, dienas numuru, ar
simulacijas bloka B palidzibu tiek noteikta saules starojuma intensitate, ko
dienas laika uztver saules energijas kolektors ar atstarotajiem. Simulacijas bloks
C satur siltuma zuduma koeficienta noteikSanas shému, kura izmantotas atrastas
sakaribas saules energijas kolektora korpusa siltuma zuduma Kkoeficienta,
kolektora absorbera virsmas parklajuma siltuma zudumu un to ietekmgjosSo
faktoru (vgj$, temperatiira) koeficientu noteikSanai.

- Vietas
Dienas
nurmurs / platuma
Number . . grads /' Kolektora laukums /Collector area
of the day Latitude
S Starojuma intensitate / —
The intensity of radiation Reizin1
Kolektora
platums / . o - _________ % Koncentricijas
Width of o pakape /
collector l ! Koncentratoru Concentration

. atstaro3anas koef. / ratio

N l :Cuncenrmtur
Attalums, m / .\ | reflectance
Distance, m !

Atstarotaju .
skaits / . - !
The number T

of refleciors .
! Siltuma zudumu koeficients /

Reizin.

Starpiba

Optiskais lietd koef. /
Optical efficiency

Heat loss coefficient

Siltuma daudzums /
Temperatiiru starpiba / Amount of heat energy
The temperature difference

1.7. att. Simulacijas modelis siltuma daudzuma noteiksanai
Fig. 1.7. Simulation model for determination of the amount of heat

No simulacijas modela ieglito datu apstrades rezultatiem seko, ka razigakie
menesi ir, sakot no marta 1idz oktobrim. Izmantojot iegiito sakaribu (1.6) tika
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izveidots simulacijas modelis abpusgji apstarota saules energijas kolektora razota
siltuma daudzuma aprekinam.

2. EKSPERIMENTALIE PETIJUMI

Eksperimentalo pétijumu mérkis ir noteikt saules starojuma intensitati uz
saulei sekojosa un stacionari novietota kolektora darba virsmas, ar kuru palidzibu
noteiksim atmosféras caurlaidibas koeficienta vidgjas vértibas. Veikti
eksperimentalie pétijumi abpusgji apstarojamam saules energijas kolektoram un
ieglito datu analize. Noteikti siltuma daudzumi pie dazadam starojuma
intensitateém. legatie dati salidzinati ar Matlab-Simulink programma izstradato
abpusgji apstarojama saules energijas kolektora simulacijas modela datiem un
aprekinata relativa novirze.

Eksperimentalie p&tijumi /
Experimental research

[ il \

Meteorologisko datu Abpusgji apstz‘irojamé saules Konstrukcijas izstrade saules
eksperimentalie pétijumi / energijas kolektora By ——
Experimental researches of | | | | cksperimentalie pEtijumi / | atstarotajiem / Constructions

the meteorological data Experimental researches of development of solar
the irradiated from both collector with reflectors
sides solar collector
Abpusgji apstarojama saules

Mobilo meteorologisko datu
registracijas ierice MMD-4,

tas konstrukcijas pamatojums /
Mobile meteorological data
recorder MMD-4, the
structural substantiation

energijas kolektora
eksperimentalo p&tijumu

H metodika / Experimental
research methodology for solar
collector irradiated from both
sides

Ar MMD-4 ierici iegiito datu
H analize / Analysis the data
obtained with device MMD-4

Pilna pétijumu programma /
Full research program: iekartas
uzbiive / structure of device;
metodikas izstrade / development
of methodology; saules starojuma
intensitates, gaisa temperattiras
un relativa mitruma parametru
mériSana un registrésana /
measurment and recording for
parameter of the intensity of

Eksperimentalo p&tijumu datu
registré$ana / Recording of the
experimental research data

T

Abpusgji apstarojama saules
energijas kolektora
eksperimentalo datu analize /
Experimental data analysis

Simulacijas modela datu

salidzinajums / Comparison of
the simulation model data

research program:

Pilna pétijumu programma / Full

Konstrukcijas aprob&$ana un
| | pilnveidosana / Approbation
and improvement

of the constructions

Saules virziena sekoSanas
sistémas izstrade /
Development of the solar
tracking system

Eksperimentalo p&tfjumu
salidzindjums ar simulacijas
- modela datiem / Experimental
research comparison with the
simulation model data

Pilna pétijumu programma /
Full research program:

kolektora uzbiive; laboratorijas stenda
sagatavosana; metodikas izstrade;
datu analize / structure of collector;
preparation of laboratory stall;
development of methodology; data
analysis.

Pétisana laboratorijas apstaklos /
Research under laboratory
conditions.

konstrukcijas uzbiive, pilnveide,
metodika iegito datu analizei /
construction design;
improvement; methodology fot
analyzing the data.

Pétisana lauka un laboratorijas
apstaklos / Field and laboratory
research.

solar radiation, air temperature
and relative humidity.

Pétisana lauka apstaklos /
Field research —

3 gadi (marts-oktobris) / 3 years
(March-October).

2.1. att. Eksperimentalo pétijjumu blokshéma
Fig. 2.1. Block diagram for experimental research
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Eksperimentalo pétijjumu nodala satur saules energijas kolektora ar
atstarotdjiem konstrukcijas aprakstu. Konstrukcijas darbiba parbaudita
laboratorijas un lauka apstaklos. legitie dati salidzinati ar simulacijas modela
datiem. Nodalas uzbiive paradita 2.1. attela.

2.1. Mobila meteorologisko datu registrésanas ierice

Atmosferas caurlaidibas koeficientu un ara gaisa vid€jo lielumu noteikSanai
izmantota parvietojama meteorologisko parametru registrésanas ierice MMD-4,
kas paredzeta saules starojuma intensitates, gaisa temperatiiras un relativa
mitruma mérisanai un registré$anai. Izmantojot So ierici, ir iesp&jams noteikt
saules energijas daudzumu, ko dienas laika sanem saulei sekojoSais un stacionari
novietotais saules energijas kolektors. Par $o ierici ka izgudrojumu sapemts
Latvijas Republikas patents LV 14312 B.

Tris gadu laika, no 2005.-2007. gadam no 1. marta Iidz 1. novembrim
(2005. gada no 1. aprila lidz 1. novembrim), ar MMD-4 ierici tika registréti Cetri
parametri: saules energijas intensitate Uz saulei sekojosas virsmas, saules
energijas intensitate stacionari novietotai virsmai, ara gaisa temperatiira un
relativais mitrums. No ieglito datu analizes izriet, ka ar saulei sekojosu saules
energijas kolektoru 8 ménesu laika (01.03.-31.10.) iespgjams uztvert 1.4 reizes
vairak saules starojuma energijas salidzinajuma ar stacionari novietoto saules
energijas kolektoru.

2.2. Abpusgji apstarojama saules energijas kolektora eksperimentalie
péetijumi

Eksperimentalo pétijumu veikSanai izstradata metodika paredzgta tada
saules energijas kolektora izméginasanai, kuram apstarojamas abas absorbera
puses. Ta ka ar siltuma izolaciju parklatai saules energijas kolektora pusei ir
mazaki siltuma zudumi neka pusei parklatai ar stiklu, tad ir sagaidams, ka sildot
abpusgji apstarota kolektora abas puses ar vienadu starojuma intensitati, netiks
ieglts divas reizes vairak energijas salidzinot ar vienpusgju saules energijas
kolektoru, kuram viena puse tiek sildita ar divkar$u starojuma intensitati, bet otra
puse izol&ta ar spogula plévi, akmens vati un nosegta ar plaksni. P&tjjuma mérkis
ir noskaidrot, par cik vairak energijas var iegiit no saules energijas kolektora
absorbera virsmas, ja to apstaro no abam pusém. Sie pétfjumi tika veikti pie
divam dazadam starojuma intensitatém — 1000 W m un 500 W m (gadijuma ar
siltuma izolaciju arf 2000 W m™).Vienlaicigi paredzéts noskaidrot arf tadu saules
energijas kolektora parametru, ka kolektora jaudas, absorbera vidgjo
temperatiiru, sarazota siltuma energijas daudzuma, lietderibas koeficienta u. c.,
dinamiku kolektora darbibas laika.

Ka pétijumu objektu paredzEts izmantot abpus€ji apstarojamo saules
energijas kolektoru (turpmak - kolektors) (2.2.att). Kolektors sastav no
absorbera, kur§ ievietots no koka d€liem izgatavota. kastE, kurai abas puses
nosegtas ar stikliem. Absorbers izgatavots no divam, pa perimetru salodétam
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terauda loksném, atstatumu starp kuram nodroSina
viena no loksné€m izveidotie distanceri, kas vienlaicigi
savieno un satur kopa abas loksnes.

Eksperimentali noteikti starojuma intensitateém
500, 1000 un 2000 W m? atbilstosie attdlumi no
silditaja kveldiega lidz absorbera virsmai. Lai iegttu
starojuma intensitates sadalijumu pa absorbera virsmu
vidgji 500 W m? attalumam starp kvéldiegu un
absorberi jabiit 550 mm, pie 1000 W m? — 340 mm, bet
pie 2000 W m? — 345 mm.

Apstarosanas  (sildiSanas)  procesa  gaita,
paaugstinoties siltumnesgja (idens) temperatiirai saules
energijas kolektora kontiira, palielinas temperatiira
starp absorberi un apkart&jo gaisu ATy, un lidz ar to
palielinas ari saules energijas kolektora siltuma
zudumi, ka rezultata samazinas laika vieniba sarazotais
kolektora siltuma daudzums, lietderibas koeficients un
jauda. Sildisanas procesam turpinoties, 47,4 palielinas,
lidz procesa beigas sasniedz savu stacionaro, dotam
sildiSanas veidam un intensitatei atbilstoSo maksimalo
vertibu. Savukart jaudas un lietderibas koeficienta
skaitliskas vertibas samazinas un procesa beigas,
iestdjoties stacionaram rezimam, to skaitliskam
veértibam jabit vienadam ar 0.
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2.2. att. Abpustji

apstarojama saules
energijas kolektora

kopskats

Fig. 2.2 Overview of

the solar collector

irradiated from both

sides
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2.3. att. Udens sasildisanai par 45°C paterétais laiks un saraZzota siltuma

120

Udens temperaturas izmaina absorbera /
Changes of water temperature in the absorber, °C

daudzuma izmainas, apstarojot saules energijas kolektoru ar 1000 W m™
Fig. 2.3. Time spent for the water heating by 45°C and changes of amount of

heat, produced irradiating the solar collector with intensity 1000 W m™
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Darba ir veikta datu analize dazadu sildisanas veidu Tpatnibam,
priekSrocibam un trikumiem. Ka piemeru aplikosim 2.3. att€lu. Dotaja gadijuma
saules energijas kolektors tiek apstarots ar starojuma intensitati 1000 W m™.
Jaatzime, ka sildot saules energijas kolektora abas puses, salidzinajuma ar
variantu, kad tiek sildita saules energijas kolektora viena puse (otra pusé siltuma
izolacija), ievérojami straujak palielinas temperatliru starpiba A7, No abam
pusém apstarojama saules energijas kolektora fidens temperatiira uzsilst par 45°C
40 mintsu laika, bet no vienas puses apstarojama — 120 mintsu laika. Lidz ar to,
abpusgji apstarojamais saules energijas kolektors, noteikta tdens daudzuma
sasildiSanai par vienu un to pasu AT,y patéré mazak energijas un tada rezima
darbojas ar lielaku lietderibas koeficientu. Tas dod iesp&ju, viena un ta pasa
tilpuma siltuma akumulatora uzkrat ievérojami lielaku siltuma daudzumu.

legitie dati liecina par to, ka abpus€ji apstarojamam saules energijas
kolektoram, apstarojot abas puses ar vienadu starojuma intensitati, kura summari
2 reizes lielaka neka klasiskam saules energijas kolektoram vienda pusg,
temperatliras AT,q un sarazota siltuma daudzuma pieaugums ir apméram 1.65
reizes. Ka pozitivs faktors jaatzimé, ka konstrukcijas zina, abpusgji apstarojams
saules energijas kolektors ir vienkar$aks neka vienpusgjs. VienkarSs ir otras
(aizmugures) puses apstaroSanas veids — viens uz sauli un kolektora aizmuguri,
zem noteikta lenka novietots spogulis.

Salidzinot eksperimentali iegiitos datus abpusgji apstarojamam saules
energijas kolektoram, ar simulacijas modela iegfitajiem datiem, tika noteiktas
relativas modela kludas. To vértibas ir 4.7% (apstarojot ar 1000 W m™) un 4.2%
(apstarojot ar 500 W m), kas liecina par simulacijas modela precizitati.

2.3.  Konstrukcijas izstrade saules energijas kolektoram ar atstarotajiem

Pamatojoties uz teoretiskajiem
petijumiem tika izstradats saules kustibai
sekojosais saules energijas kolektors ar
atstarotajiem, kas tika nosaukts par plakano
saules energijas kolektoriekartu un par to
sanemts  Latvijas  Republikas  patents
LV 13371 B (2.4.att.) Lai novérstu ickartas
sansveri, kas konstatéta aprobacijas laika, tika
izstradata nedaudz  sarezgitaka  saules
energijas kolektora ~ ar  atstarotajiem
konstrukcija, par ko sapemts Latvijas
Republikas patents LV 13549 B. Dotas
iekartas konstruktivais izpildjjums aprakstits

2.4. att. Plakana saules
energijas kolektoriekartas

LV 13371 B acij
promocijas darba. Lidzigi ka kolektoriekarta Fig. 2.4 Solil’sll:rgr::;g)]/a
ar sansveri (skat. 2.4.att.), saules energijas ' .Cé)llector

kolektors ar atstarotéjier‘n”bez sansveres ti_ka (patent LV 13371 B)
uzlabots, lai saules energijas kolektora zenita
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lepkis blitu mainams atkariba no saules deklinacijas lepka. Konstrukcija tika
pilnveidota, nosaukta par saulei sekojoSo energijas kolektorierici ar
atstarotajiem, par to ir sanemts Latvijas Republikas patents LV 13713 B.

Balstoties uz teorétiskaja dala veiktajiem aprekiniem un pétfjumiem
izstradata saules energijas kolektora ar atstarotdjiem automatiska saulei
sekosSanas sisteéma. Darba ir paradita sistemas funkcionala sheéma un aprakstits
tas darbibas princips. Par saules energijas kolektora vadibas ierici, kas nodros§ina
ta sekosanu saulei sanemts Latvijas Republikas patents LV 14611 B.

Lai noteiktu simulacijas modela precizitati, 2011. gada maija tika veikti
saules energijas kolektora ar atstarotajiem eksperimentalie pétjjumi lauka
apstaklos. Saules energijas kolektors ar atstarotajiem tika novietots uz LTZI €kas
jumta. 2.1. tabula paraditi 5 dienu laika iegutie dati, kas salidzinati ar simulacijas
modela datiem $Tm dienam. Eksperimentu veikSanas izveletas dienas nebija
lietainas. 12. maijs bija bez makoniem, salidzinajuma ar pargjam, ar1 gaisa vidgja
temperatiira, ka izriet no tabulas datiem bija maksimala. Maksimala gaisa
temperatiira piecu dienu laika bija 24°C.

2.1. tabula / Table 2.1.

Saules energijas kolektora ar atstarotajiem pétijumu rezultati lauka

apstaklos
Field research results of the solar collector with reflectors

Gaisa Teorétiski Relat.
AT, SaraZotais Q Gaisa noteiktais Q/ | klada/
Datums / 9 tyia/ . .
Date max, / Produced Air t tmax/ Alr Theore_tlcally Relat.
°C Q, kJ OC"“” tmax, °C | determined Q, | error,
kJ %
11.05.11. 71 519.2 16.5 19.0 503.3 3.06
12.05.11. 74 532.4 20.5 24.0 504.9 6.01
18.05.11. 68 498.4 12.7 15.0 513.6 3.05
19.05.11. 72 529.6 17.8 22.0 514.9 4.23
20.05.11. 70 526.3 16.1 19.0 516.1 3.41
Vidgjas
vertibas 1\ 4 521.2 167 | 198 510.6 4.00
The average
values

Ka izriet no 2.1. tabulas relativo k]idu vértibas svarstas no 3.05-6.01%,
vidgja vertiba ir 4%, kas liecina par simulacijas modela precizitati. Saules
energijas kolektora ar atstarotdjiem salidzinaSanai ar no vienas puses
apstarojamo plakano saules energijas kolektoru, tika izmantots aprakstitais
simulacijas modelis. No iegiitajiem rezultatiem izriet, ka lietojot saules energijas
kolektoru ar atstarotajiem un apstarojot to ar starojuma intensitati 1000 W m?,
iespgjams iegtt 2.89 reizes lielaku siltuma daudzumu salidzinot ar plakano
saules energijas kolektoru.
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3. EKONOMISKAIS IZVERTEJUMS

Ekonomiska izvertejuma veikSanai, tika noteikts saules energijas sezonalais
ieguvums, lietojot saules energijas kolektoru ar atstarotajiem, dota kolektora
izgatavoSanas izmaksas, veikts ekonomiskais salidzingjums ar cita veida
resursiem, ka tas paradits 3.1. attéla.

Ekonomiskais izvertejums /
Economical assessment

1. Saules energijas sezonalais ieguvums,
lietojot kolektoru ar atstarotajiem / Solar
energy the seasonal benefit of using the
the collector with reflectors

2. Pilnveidota saules energijas
kolektora izgatavoSanas izmaksas /
The improved solar energy collector
manufacturing costs

3. Saules energijas kolektora ar

| | atstarotajiem ekonomiskais

novertgjums / Economical assessment of
the solar collector with reflectors

3.1. att. Ekonomisko pétijumu veikSanas blokshéma
Fig. 3.1. The block diagram of the economic research activities

Kopgjais siltuma daudzums, kuru iesp&jams iegiit 8 ménesu laika no saules
energijas kolektora ar atstarotdjiem ar laukumu 0.1 m? ir 108.68 MJ, parrekinot
elektroenergija (1 MJ=3.6" kWh) — 30.19 kWh. Lidzigi tika noteikts sarazotais
elektroenergijas daudzums saules energijas kolektoram ar atstarotdjiem, kura
laukums 1m? W,;=301.89 kWh. Aprékinats vidg€jais lietderibas koeficients
Mivig=0.69.

Aprekinats, ka 0.1 m? saules energijas kolektora ar atstarotdjiem
izgatavoSanai tika patéréts 174.65 EUR, bet saules energijas kolektora ar
atstarotajiem 1m? izgatavosanas izmaksas C, kopa sastadis 341.08 EUR.

1 kWh izmaksas noteikSanai, janosaka nepiecieSamie kapitalieguldijumi
iekartas iegadei, transportam Iidz izmantoSanas vietai un montazai (Priekulis,
2008):

K =k, -C, =1.2-341.08=409.30 EUR, 3.1)

kur k;, — koeficients, kur§ ieveérté papildus izmaksas, kuras saistitas ar iekartas
transportu Iidz izmantoSanas vietai un montazu.

Noteikta energijas ipatngja izmaksa 1 m? lieclam saules energijas kolektoram
ar atstarotajiem, ja ta kalpo3anas laiks 20 gadi, ir 0.09 EUR kWh™, bet, ja
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pienem, ka kalpoSanas laiks ir 15 gadi, energijas ipatngja izmaksa sastadis
0.12 EUR kWh™.

Veicot saules energijas kolektora ar atstarotajiem ekonomisko
salidzinajumu ar cita veida resursiem, tika noteikts elektroenergijas patérins, kas
nepiecieSams noteikta idens daudzuma uzsildiSanai. Novert§juma veikSanai ir
nemtas veéra kopgjas iekartu izmaksas (Priekulis, 2008), kuras sastada —
pastavigas izmaksas (piesaistita kapitala un elektroenergijas) un mainigas
izmaksas (iekartu remontam).

Salidzinasanai tika izmantoti saules energijas kolektori, kas uzstaditi LTZI,
Ulbroka. Tie ir firmas Viessmann plakanais kolektors Vitosol 200F SV2 un
vakuuma caurulu kolektors Vitosol 200 SD. Papildus tika izvélétas dazadu veidu
kurinamo iekartas (malkas katls, dabas gazes katls, granulu katls, S$kidras
degvielas katls). Aprékinos tika piepemts, ka tidens sildiSanai, visam iekartam
nepiecieSams paterét 900 kWh sezona.

Veikts saules energijas kolektora ar atstarotdjiem pastavigo un mainigo
izmaksu salidzinajums ar plakana Vitosol 200F SV2 un vakuuma caurulu Vitosol
200 SD kolektoru ka ari ar dazada veida kurinamo iekartam (3.2.att.). No datu
analizes izriet, ka vienada siltuma daudzuma saraZoSanai, lietojot saules
energijas kolektorus ar atstarotajiem patéréts mazak Iidzeklu.
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3.2. att. Saules energijas kolektora ar atstarotajiem salidzinajums ar citiem
siltumenergijas avotiem
Fig. 3.2. Comparison of solar collector with reflectors with other
heat sources:

1 — saules energijas kolektors ar atstarotdjiem; 2 — plakanais kolektors; 3 — vakuuma
caurulu kolektors; 4 — malkas Katls; 5 — gazes katls; 6 — granulu katls; 7 — skidras
degvielas katls /1 — solar collector with reflectors 2 — flat-plate collector, 3 — vacuum
tube collector 4 — wood-fired boiler, 5 — gas boiler, 6 — pellet boiler 7 — liquid fuel boiler
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Iekartu ievieSanas atmaksasanas laiku nosaka, izmantojot sakaribu
(Kalogirou, 2009):

tal = L * (32)
Cek
kur Ce — ekonomiskais ieguvums no iekartu ievieSanas, EUR.

Salidzinajums tika veikts gadfjumam, ja Udens sildiSanai izmanto
elektroenergiju. Veicot aprékinus, noteikts, ka saules energijas kolektoru ar
atstarotajiem ierikosana atmaksasies pec 9 gadiem.
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3.3. att. Ieguldito lidzeklu atmaksasanas laiku salidzinajums
Fig. 3.3. Comparison of the pay-back time of contributions:
1 — saules energijas kolektors ar atstarotdjiem; 2 — plakanais kolektors; 3 — vakuuma
caurulu kolektors; 4 — malkas Katls; 5 — gazes katls; 6 — granulu katls; 7 — skidras
degvielas katls / 1 — solar collector with reflectors 2 — flat-plate collector, 3 — vacuum
tube collector 4 — wood-fired boiler, 5 — gas boiler, 6 — pellet boiler 7 — liquid fuel boiler

Atsaucoties uz Eiropas statistikas datiem (Eurostat, 2012), ka cena par
dazada veida kurinamiem ik gadu pieaug, var paredzét, ka saules energijas
kolektora ar atstarotdjiem kapitalieguldijums un atmaksasanas laiks tuvako gadu
laika biis vél zemaki, salidzinot ar cita veida kurinamo resursiem.
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10.

SECINAJUMI

Izstradata konstrukcija saules energijas kolektoram (patents LV 13713 B),
kuram ierikoti atstarotdji, kas nodrosina saules starojuma lielaku saules
energijas uztver$anu.

Noskaidroti minimalie un maksimalie atstarotaju pagrie$anas lenki saules
energijas kolektoram ar atstarotdjiem. Noteiktas matematiskas sakaribas
atstarotaju pagrieSanas lenku aprékinasanai, kad atstarotaju platums
neparsniedz absorbera platumu, jo tad tiek nodroSinata efektivaka
atstarojoso virsmu laukuma izmantoSana.

Aprekinats, ka ieteicamais pagrieSanas intervals saules energijas
kolektoram ar atstarotajiem ir 10 mintites.

Lielaku saules starojuma intensitati iesp&jams panakt ar divasu sekoSanas
mehanismu, bet tas sadardzina iekartas izmaksas. Vel iesp€jama iekartas
pagriesana tikai ap polaro asi, kas vasaras un ziemas saulgriezu laika lauj
uztvert 1idz 92% no saules starojuma intensitates, bet rudens un pavasara
saulgriezos pat Iidz 100%.

TrTs gadu merfjumu vid&jie raditaji un aprekini liecina, ka 8 ménesu laika
(marts-oktobris), saulei sekojosais saules energijas kolektors var sarazot
1.4 reizes lielaku siltuma daudzumu neka dienvidu virziena orientéts
stacionars saules energijas kolektors, bet vasaras méneSos pat lidz 1.5
reizes vairak.

Stacionari novietots un abpusgji apstarojams saules energijas kolektors
sarazo 1.65 reizes vairak siltuma, salidzinot ar kolektoru, kas apstarots
tikai no vienas puses ar to paSu starojuma intensitati.

Salidzinot eksperimentali iegiitos un teoretiski aprékinatos datus abpusgji
apstarotajam saules energijas kolektoram, tika konstatéts, ka mérfjjumu
kluda ir attiecigi 4.7% (apstarojot ar starojuma intensitati 1000 W m™) vai
4.2% (apstarojot ar intensitati 500 W m?), kas liecina par simulacijas
modela pietiekoSi augsto precizitati.

Salidzinats siltuma daudzums, kuru iegtst ar saulei sekojoSu plakano
saules energijas kolektoru lauka apstaklos, un, ar Matlab-Simulink
programma izveidota kolektora matematiska modela palidzibu, un
konstatéts, ka pie vienadas starojuma intensitates, kolektors ar
atstarotajiem sarazo 2.89 reizes lielaku siltuma daudzumu, neka kolektors
bez atstarotajiem.

Sarazotas siltuma energijas T1patn€jas izmaksas saules energijas
kolektoram ar atstarotajiem ir 0.09 EUR kwWh™.

Nemot véra gada ekspluatacijas izmaksas, noteikts, ka saules energijas
kolektoru uzstadiSana atmaksasies 9 gadu laika.
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TOPICALITY OF THE RESEARCH

Over the last century Western Europe is characterized by the high standard
of living, which constantly has been in opposite to such energy resources as oil,
natural gas and nuclear, and has led to the heavy dependence on imported
supplies. To minimize this dependence and the associated negative effects for
both the individual end-user and the economy, different promoting and
regulating laws, norms and so on in the energy sector are issued (Nersesian,
2007; Siegel et al., 2008).

The increasing demand for energy, limited reserves of fossil fuel, as well as
environment pollution and global climate change in recent years in the world
created increased interest in renewable resources. It has long been discovered
hydrogen engines, environmentally friendly solar cells, solar collectors, wind
turbines and other renewable installations (Kaltschmitt et al., 2007). Support for
the use of renewable resources became an important part for European Union
policy.

The main strategic aim of renewable energy for Latvia is optimal usage of
renewable energy potential, taking into account the economic, geographic and
technical capabilities, as well as economic, environmental and energy aspects of
the development, taking into account the international and European policy
objectives and requirements for renewable energy (Lauber, 2005; Fras-Ehrfeld,
2009).

From the literature analysis (Trittin, 2003) starting from 1990 the solar
thermal energy market yearly increased by about 13.6%. Since 2000 in the
European Union every year additionally was installed over 1 million m? of solar
collector area. Solar collectors for domestic water heating account most of the
common European solar market. Their price is relatively low and the installation
on the roof is simple. In the countries where roofs of the houses are traditionally
inclined, there are certain difficulties to install systems with natural circulation
which includes heavy and large water tanks. In northern countries water solar
heating system with natural circulation are not used due to very low temperatures
in winter. Mainly technically advanced solar water heating systems are used,
which properly installed can be combined with the additional used boiler water
heating. Solar water heating systems are widely used in Denmark and Sweden.
Since in both countries district heating and hot water systems are already
established, the solar installations there are relatively easily be integrated. If the
system, where solar energy as the source of heat is used, is designed to cover
only part of the summer-time, it can work at maximum power without large heat
storage tank (EREC, 2010).

Today’s solar collector devices are mainly used for the production of hot
domestic water, space heating using heated floors, for swimming pools water
heating, as well as drying and cooling.

In Europe, particularly in Germany, as well as in other parts of the
technologically developed world, in 1990-ies there have been developed many
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small companies, not only producing the solar equipment, but also carrying out
the research work (Zauers, 2004; Clement, 2005).

In Latvia the sun radiation have relatively low intensity. The total energy of
the sun is about 1109 kWh m? per year that is slightly more than in the
Scandinavian countries. For the use of solar thermal energy is the period from
the last decade of April, when the radiation intensity is around 120 kwWh m?, till
the first ten days of September. During this period, about 1800 hours of solar
energy can be used for the production of hot water by installing solar panels (EA,
2006). The cost of the existing technology decreases gradually, as they are
replaced by new and more completed systems.

The promotion work research direction is focused to the solar energy
conversion into thermal energy for water heating, as well as for a variety of other
business purposes. Also, obtained heat can be used for agricultural purposes,
such as piglet’s resting places floor heating. Solar equipment installation, for hot
water preparation or for space heating is economically profitable especially when
there is a need for the heat recovery system. The planned solar installation share
of the load in relation to the additional heating system is variable depending on
the season. The addition part of the heat source load is usually covered by the
operation of the gas, wood or liquid fuel boiler or electricity.

THE OBJECT, HYPOTHESIS, AIM AND TASKS
OF THE RESEARCH

Research object — motivation of geometric and technical parameters of the
solar collector with reflectors for maximum heat production efficiency.

Research hypothesis — a flat-plate solar collector equipped with reflectors
and the sun tracking system is able to produce considerably higher amount of
heat energy.

The aim of the promotion work is to elaborate theoretical and experimental
substantiation of the construction of tracking the sun solar collector for water
heating, where for intensification of solar radiation striking the absorber’s rear
surface reflectors are used.

The main tasks of the research

1. To develop the theoretical base of tracking the sun solar collector, where
for the intensification of the solar radiation, striking the absorber’s rear
surface reflectors is used.

2. To evaluate the constructive solutions and geometric parameters of the
solar collector with reflectors for ensuring the maximum of heat production
efficiency.

3. To investigate and analyze tracking the sun mechanisms of the collector
systems tracking the sun and to select the most suitable.

4. To elaborate the mathematical model of tracking the sun solar collector
with reflectors and using the Matlab-Simulink software to compute the
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5.

6.

main structural and thermal values of the collector’s parameters, including
produced amount of heat energy.

To manufacture the construction of tracking the sun solar collector with
reflectors and to work out the methodology for its experimental
investigation under laboratory and field conditions.

To compare the efficiency and other relevant economic and thermal
parameters of the developed solar collector with those of other solar
collectors and heat sources.

RESEARCH METHODS

In order to attain the aim of the promotional work different research

methods are used, like analysis, synthesis, solution of differential equations,
experimental (laboratory and field), statistical and economic evaluation of the
research, methods and mathematical modelling, using computer program
Matlab-Simulink and others.

In the experimental investigation the technical base, laboratories and

laboratory equipment of the agency of Latvian University of Agriculture
Research institute of Agricultural Machinery was used. The licensed gauges
were used for measuring. The necessary number of measurements was repeated
in order to ensure sufficient validity of the measuring results. For evaluation of
the results the statistic data processing software MS Excel was used.
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THESES FOR DEFENCE

The developed solar collector with reflectors is more effective than other
types of solar collectors.

Tracking the sun mechanism of the equipment is working in interruption
regime.

Using the developed mathematical model of the solar collector with
reflectors, it is possible to compute the amount of heat energy produced by
the collector.



APPROBATION OF THE RESEARCH

Generally recognized reviewed scientific publications

Kancevica, Liene, Putans, Henriks, Ziemelis, Imants. The tracking system
for solar collectors with reflectors, In: Rivza, Peteris (eds). Proceedings of
the Third International Scientific Conference: RENEWABLE ENERGY
AND ENERGY EFFICIENCY. Jelgava: Latvia University of Agriculture,
2012. p. 189-195. ISBN 978-9984-48-070-1.

Kancevica L., Aboltins A. Substantiation for construction of solar collector
with reflectors. In: Osadcuks, Vitalijs (eds). 10™ International Scientific
Conference: ENGINEERING FOR RURAL DEVELOPMENT. Latvia:
Jelgava, 2011. - Vol.10, p. 326-329. ISSN 1691-5976.

Kancevica, Liene, Aboltins, Aivars. ANALYTICAL ASPECTS FOR
CONSTRUCTION OF SOLAR COLLECTOR WITH REFLECTORS. In:
Dr. Goran, Topisirovic (eds). Scientific journal: AGRICULTURAL
ENGINEERING. No. 4. Belgrade, Zemun: University of Belgrade, Faculty
of Agriculture, Institute of Agricultural Engineering, December, 2011. p.
21-27. I1SSN 0554-5587.
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Interanational Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Latvia: Jelgava, 2010. p. 205-210. ISSN 1691-5976.
Ziemelis, 1., Putans, H. and Kancevica, L. INVESTIGATION OF SOLAR
COLLECTOR IRRADIATED FROM BOTH SIDES. Agronomy Research:
BIOSYSTEMS ENGINEERING. Volume 8. Estonia: Tartu, 2010. p. 280-
286. ISSN 1406-894X.

Ziemelis 1., Kancevica L., Putans H. Efficiency of energy produced by
different types of solar collectors. 6" Research and Development
Conference of CEE AGENG. Lithuania: Raundondvaris, 2009. p.191-197.
ISBN 978-9986-732-50-1.

Ziemelis, Imants, Kancevica, Liene, Jesko, Zanis, Putans, Henriks.
CALCULATION OF ENERGY PRODUCED BY SOLAR
COLLECTORS. In: Nulle, Imants (eds). 8" International Scientific
Conference: ENGINEERING FOR RURAL DEVELOPMENT. Latvia:
Jelgava, 2009. p. 212-218. ISSN 1691-5739.

Ziemelis, Imants, Jesko, Zanis, Kancevica, Liene, lljins, Uldis.
Development of Solar Collectors with Reflectors. In: Deltuvas, Romualdas
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(eds). Proceedings of the Third International Conference: RURAL
DEVELOPMENT 2007. Kaunas: Lithuanian University of Agriculture,
2007. p. 322-327. ISSN 1822-3230.

Ziemelis 1., Kancevica L., Ziemelis E., Jesko Z. Comparative studies of
varied flat plate solar collector structures. In: Kucinskas, Vytautas (eds).
Proceedings of the International Conference: TECHNICAL AND
TECHNOLOGICAL PROGRESS IN AGRICULTURE. No. 12. Lithuania:
Raundondvaris, 2007. p. 174-177. ISSN 1822-2706.

Kancevica L., Ziemelis I., Kristapsons M. POSSIBILITIES OF WATER
HEATING BY SOLAR ENERGY IN LATVIA. In: Melnychuk D.A. (eds).
Proceedings of 5" Research and Development Conference of Central and
Eastern European Institutes of Agricultural Engineering. Kiev: National
Agricultural University of Ukraine, 2007. p. 96-102. ISBN 966-8302-16-
08.

Kancevica, Liene, Navickas, Juozas, Ziemelis, Imants, Putans, Aldis.
ANALYZE OF METEREOLOGICAL DATA FOR DEVELOPMENT OF
SOLAR COLLECTORS. In: Smigins, Ruslans (eds). 6" International
Scientific Conference: ENGINEERING FOR RURAL DEVELOPMENT.
Latvia: Jelgava, 2007. p. 24-28. ISSN 1691-3043.

Jesko, Zanis, Kancevica, Liene, Ziemelis, Imants. COMPRISON OF
SOLAR COLLECTORS AND CONVENTIONAL TECHNOLOGIES
USED FOR WATER HEATING IN LATVIA. In: Smigins, Ruslans (eds).
6" International Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Latvia: Jelgava, 2007. p. 35-40. ISSN 1691-3043.
Kannesnua JI.A., 3uemenuc M.®., Kpucranconc M.K. K passururo
TUTIOCKUX COJIHEYHBIX KOJIEKTOpoB. B kH.: Jlauyra O.®. (coct.). 5-2
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C3HUMMDCX, 2007. C. 281-286. ISBN 978-5-88890-042-0.

Kancevica, Liene. Investigation on water heating by solar radiation.
P&tfjums par tdens sildisanu ar saules radiaciju. Gram.: Viksna, Artirs
(proj. vad.). International conference: EcoBalt’ 2007. Riga: Intego Plus,
2007. p. 26-29. ISSN 1691-4112.

Kancevica, Liene', Navickas, Juozas®, Ziemelis, Eriks', Ziemelis, Imants’.
Increase of the Efficiency of Solar Collectors (‘Latvia University of
Agriculture, “Lithuanian University of Agriculture). In: Savilionis,
Aleksandras (eds). Proceedings of the Second International Scientific
Conference: BIOMETRICS AND INFORMATION TECHNOLOGIES IN
AGRICULTURE: RESEARCH AND DEVELOPMENT. Lithuania: Kaunas,
2006. p. 89-92. ISSN 1822-5977.

Kancevica L., Jesko Z., Ziemelis I. Power of Solar Radiation on Different
Orientated Surfaces. In: Gailums, Aleksandrs (eds). Proceedings of the
International Scientific Conference: Information Technologies for Rural
Development. Jelgava: LUA, 2006. p. 76-84. ISBN 9984-784-13-4.
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Kancevi¢a, Liene. Acquisition of Some Meteorological Parameters for The
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Proceedings of the International Scientific Conference: RESEARCH FOR
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9984-784-14-2.
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ANALYSIS OF METEREOLOGICAL PARAMETERS FOR
DEVELOPMENT OF SOLAR COLLECTORS. In: Palabinskis, Janis
(eds). 5™ International Scientific Conference: ENGINEERING FOR
RURAL DEVELOPMENT. Jelgava: Faculty of Engineering, 2006. p. 177-
181. ISSN 1691-3043.

Kancevica, Liene, Putans, Henriks, Ziemelis, Imants. MIRROR-
COLLECTOR FOR SOLAR WATER HEATING. In: Palabinskis, Janis
(eds). 5" International Scientific Conference: ENGINEERING FOR
RURAL DEVELOPMENT. Jelgava: Faculty of Engineering, 2006. p. 181-
186. ISSN 1691-3043.

Kancevica, Liene, Ziemelis, Imants. Saules starojums — ekologiski tirs
energijas avots. Gram.: Viksna, Artirs (proj. vad.). International
conference: EcoBalt’ 2006. Riga: Intego Plus, 2006. 151.-152. Ipp.
Ziemelis 1., Kancevica L., Putans H. Rational water heating by solar
energy. In: Deltuvas R. (eds). The second international scientific
conference: RURAL DEVELOPMENT 2005: Globalisation and integration
challenges to the rural of east and central Europe. Lithuania: Kaunas,
2005. p. 51-53. ISSN 1822-3230.

Patents

Putans H., Ziemelis 1., Zagorska V., Kanceviéa L.. Saules energijas
kolektora vadibas ierice, kas nodrosina ta sekosanu saulei. Latvijas patents
LV 14611 B. F24J2/00, 20.11.2012. Patenti un predu zimes. Latvijas
Republikas Patentu valdes oficialais véstnesis - Nr. 11, 2012.

Putans H., Zagorska V., Ziemelis 1., Kancevi¢a L., Jesko Z. Mobila
meteorologisko datu registréSanas ierice. Latvijas patents LV 14312 B.
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G01W1/00, 20.04.2011. Patenti un pre¢u zimes. Latvijas Republikas
Patentu valdes oficialais véstnesis - Nr. 1, 2011.

Ziemelis I., Kancevi¢a L., Ziemelis E., Jesko Z. Saules energijas plakanais
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precu zimes. Latvijas Republikas Patentu valdes oficialais véstnesis - Nr. 6,
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20.06.2008. Patenti un pre¢u zimes. Latvijas Republikas Patentu valdes
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Kancevica L., Putans H., Ziemelis L., Putans A., Jesko Z. Saules energijas
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oficialais vestnesis - Nr. 5, 2007.

Ziemelis 1., Kancevi¢a L., Jesko Z., Ziemelis E., Putans A. Saules energijas
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F24J2/02, 20.01.2006. Patenti un pre¢u zimes. Latvijas Republikas Patentu
valdes oficialais véstnesis - Nr. 1, 2006.

Reports at the international scientific conferences

The tracking system for solar collectors with reflectors. Third International
Scientific  Conference: RENEWABLE ENERGY AND ENERGY
EFFICIENCY. Jelgava: Latvia University of Agriculture, May 28"-30",
2012.

Substantiation for construction of solar collector with reflectors. 10"
International Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Jelgava, Latvia University of Agriculture, May 26" -
27", 2011.

Energy produced by solar battery and perspectives of it’s usage in Latvia.
Vide. Tehnologija. Resursi: VIII starptautiskas zindtniski praktiskas
konference, Rézekne, Rézeknes Augstskola. Inzenieru fakultate, Latgales
ilgtsp&jigas attistibas p&tnieciskais institiits, 2011.gada 20.-22. jlnijs.
Investigation of Solar Collector Irradiated from Both Sides, Biosystems
Engineering 2010. Tartu, Estonia, 13" -24"" May 2010.

Analize of Meteorological Data for Development of Solar Collectors. 6
International  Scientific Conference ENGINEERING FOR RURAL
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DEVELOPMENT. Latvia University of Agriculture, Faculty of
Engineering. May 24™ -25", 2007.
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HayYHO-TIPaKTHYeCKass KOH(epeHInss JKoI02us U CenbCKOXO3AUCHEEeHHA
mexuuka. Poccust, Cankr-IletepOypr. 15-16 mas, 2007.

Investigation on water heating by solar radiation. P&tjjums par tdens
sildiSanu ar saules radiaciju. International conference ECOBALT 2007.
Latvia, Riga. May 10" -11", 2007.

Increase of the Efficiency of Solar Collectors. Second International
Scientific Conference BIOMETRICS AND INFORMATION
TECHNOLOGIES IN AGRICULTURE: RESEARCH AND
DEVELOPMENT. Lithuania, Kaunas, Lithuanian University of Agriculture.
November 24™ -25", 2006.

Development of solar collectors. YcoBepiieHCTBOBaHHE COJHEYHBIX
komtektopoB.  International ~ Conference DEVELOPMENT  OF
AGRICULTURAL TECHNOLOGIES AND TECHNICAL MEANS IN
ECOLOGICAL AND ENERGETIC ASPECTS. No. 11. Lithuania,
Raudondvaris. September 14™ -15™, 2006.

Acquisition of some meteorological parameters for the development of
solar collectors. International Scientific Conference RESEARCH FOR
RURAL DEVELOPMENT 2006. Latvia University of Agriculture,
Department of Post — Graduate Studies. May 19™ -22™, 2006.

Analyze of meteorological parameters for development of solar collectors.
5" International Scientific Conference ENGINEERING FOR RURAL
DEVELOPMENT. Latvia University of Agriculture, Faculty of
Engineering. May 18" -19", 2006.

Mirror-collector for solar water heating. 5" International Scientific
Conference  ENGINEERING FOR RURAL DEVELOPMENT. Latvia
University of Agriculture, Faculty of Engineering. May 18" -19", 2006.
CosHEeYHBI KOJUIEKTOp C oTpaxkareiaeMm. Tpynsl 5-oif MexayHapoIHOM
HAyYHO-TEXHUYECKOH KOH(pEepeHIINH Dnepeoobecneuenue u
anepeocbepexcenue 8 cenvckom xosatcmee. Mocksa, THY BUICX6. 16-
17 mas, 2006.

Saules starojums — ekologiski tirs energijas avots. International conference
ECOBALT 2006. Latvia, Riga. May 11" -12", 2006.

Rational water heating by solar energy. The Second International Scientific
Conference Rural Development 2005. Lithuania, Kaunas, Lithuanian
University of Agriculture. November 17" -19", 2005.
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2. Years 2009-2012 - Researcher at the ESF project “Atraction of human
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SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION
OF THE RESEARCH

1. The original mathematical model of the solar collector with reflectors for
calculation of produced by the collector amount of heat energy is
developed.

2. The methodology for experimental investigation of the collector under
laboratory conditions is worked out and the experimental results obtained.

3. The construction of the collector with reflectors is substantiated
theoretically and experimentally.

4. The changes in the difference between inflow and outflow heat carrier
temperatures depending on the intensity of solar radiation and time is
established.

5. The changes in the amount of produced heat energy by the collector
theoretically and experimentally in dependence on the outside air
temperature and intensity of solar radiation are stated.

6. Experimentally it is proved that the solar collector with reflectors is
producing more heat energy than the other types of solar collectors.

7. Mathematical model for the calculation of production and exploitation
expenses, pay-back time and the cost of 1 kWh of produced by the collector
heat energy are established.
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1. THEORETICAL RESEARCH

The theoretical research follows from the research tasks defined in the first
chapter of the promotion work. There theoretical motivation of the development
of a collector with reflectors is worked out, where in order to increase the
intensity of solar radiation on the collector’s absorber, reflectors are used. In this
case the collector has to be equipped with the system for tracking the sun. The
efficiency of a collar collector is higher, if solar beams are striking the absorber’s
surface perpendicularly. There are different systems used for the tracking the
sun. The most cost-effective system is chosen. In order to calculate the main
parameters of the solar collector with reflectors and compute the amount of
produced heat energy by the collector, its mathematical model is worked out and
the main parameters calculated.

The theoretical research is divided into four sections, as shown in
Figure 1.1.

The first section there is explained the process of the development of solar
collector with reflectors, defined reflectors position, rotation angle, taking into
account the absorber and reflector dimensions, as well as analysed parameters
that affect these values. Thermal analysis is carried out theoretically. The thermal
and engineering analyze is made, depending on the material of the collector’s
cover, on the beam angle of incidence and heat loses from the collector.

The second section contains analyze of solar tracking modes and the
theoretically possible amount of heat energy produced by the collector.

In the third section mathematical model of the solar collector with reflectors
is developed, a as well as the mathematical model of a collector, which absorber
is irradiated from both sides.

In the fourth section there based on the mathematical model of the collector
the simulation models of solar collector with reflectors and solar energy
collector irradiated from both sides is developed in order to use the computer
program Matlab-Simulink.

1.1. Substantiation of the construction of a solar collector with reflectors

One of the research tasks is to create an effective solar water heating
collector with increased efficiency. As the efficiency of a collector in large scale
depends on the intensity of solar radiation striking the absorber, it was decided to
highten the radiation intensity on the absorber by the use of reflectors (mirrors).
In this case reflected from the reflectors solar radiation is striking the absorber of
the collector from its rear side too. Then there is no need for heat insulation of
the rear side of the collector, because there is used so called box-type absorber
from both sides covered by transparent glass covers. From the front side an
absorber receives direct solar radiation, but from the rear side — reflected. The
principal scheme of the equipment is shown in Figure 1.2. The collector is
supplied with a tracking the sun mechanism.

The angles of rotation of the collector are calculated:
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B., = arcsin 26; 1 (11)

and
1 a
=Zarctg = - (1.2)
ﬁaz 2 gd

From formulas (1.1) and (1.2) it follows that the right and left reflector
placement angle values depend on the width of the collector absorber and a
placement distance d. The values a and d are conditional absorber’s and
reflector’s width and length. If both are the same, the rotation angle for the right
reflector $,,=22.5° and the left reflector f;3;=30°. As it is seen the right and left
side angles of the rotation of the reflectors are not equal. This can be explained
by the fact that B,; — is maximal possible angle of rotation and S., — is minimal
possible angle of rotation. When both reflectors of the solar collector irradiated
from both sides turn at the same angle (see Fig.1.2.), then denoting the width of
the collector’s absorber by a, and the width of reflectors with a,=a,,=a,., as
well as the rotation angle of reflectors — with g, and using geometric
correlations, the ratio between the width of the reflector and absorber are as
following:

a, _Cos2p, (1.3)

a, cosp,

An important condition for the equation (1.3) is that the length of the
reflecting surface is never bigger than the width of the absorber, that is a,-a,<l1.
This insures the most efficient use of the reflective surface area.

In the work the ratio of concentration is expressed. For the determination of
this, the concentrators of reflectors reflectance — p,; is taken into account, which
depends on the spectral reflectance of reflectors (CtpebkoB, TeepbsirHoBu4, 2007,
Chaves, 2008). Results are summarized in common graph (Fig.1.3.), which
shows the ratio of the concentration depending on the number of reflectors, for
two and four reflectors accordingly. In the calculations it is assumed that p,=0.9.
Dependence of the distance d on the rotation angle of the reflectors in Figure 1.3
is shown. It follows that in this case the optimal turning angle of the reflector
p=10-17°, providing the concentration ratio from 1.5 to 3.

On the basis of studies and engineering calculations, a patent of the Latvian
Republic LV 13711 B is received, for the invention of the solar collector with
two-parts absorber (Putans et al., 2008). The absorber of the collector is made up
from two parts, one to the other positioned at some angle to the working surface
and focused on the reflector’s side. The angle between the absorber parts
selected so that the reflected radiation from absorbers to the flat surface falls
below the smallest possible angle. For example, if from each side in a row are
placed three reflectors, the angle is selected so that the reflected sun rays from
the second reflector are perpendicular to the front surface of the absorber. In the
case of reflecting elements are placed on same parabolic-shape base, thus

40



creating parabolic surface, much higher ratio of concentration can be obtained
(Welford, Winston, 1989; O’Gallagher, 2008; Chaves, 2008).

Thermal analysis is based on the solar collector parameters change
depending on the angle of incidence. There is calculated reflection pj, absorption
ap, and transmittance 7, coefficients of a solar collector glass cover. The
calculations show that the transmission coefficient of the glass will decrease,
when the beam angle to the solar collector will be bigger than 50°.The reflection
coefficient at this angle will grow rapidly. But as the solar collector will be
provided by a tracking system, then, as it can be seen from the graph (Fig.1.4.),
the changes are insignificant — up to 10°. In order to specify the glass, which will
be used in a particular installation, the transmission coefficient of the solar
radiation, calculations were made according at the angle of incidence of the solar
beams with a step 0.5°, and the averaged values were stated.

The heat energy absorbed by the absorber of the solar collector was
analyzed. The biggest part of the solar radiation striking the working surface of a
collector is absorbed into the absorber material and further transmitted to the heat
carrier, which is known as the useful energy. In thermal installations heat losses
have to be taken into account. They depend on the individual design of the
installation, coefficient of heat transfer between the components of the
installation, calculated heat loss coefficient values at different outdoor
temperature and wind speed.

1.2.  Analysis of the sun tracking systems for solar collectors

In order a solar collector produces as much as possible heat energy during a
day it must be oriented so that the sun's rays are striking the working surface of
the collector perpendicularly. Then at similar the other factors, the efficiency of
the equipment will be at its maximum. Receiving systems are categorized by the
type of tracking — about one axis (single-axis), and about two (two-axes) as
shown in Figure 1.5. Single-axis tracking systems are used at horizontal
position, considered in the thesis — the east-west (the E-W horizontal), south-
north (the S-N horizontal), and parallel to the earth's axis or polar axis (the E-W
polar) (Duffie, Beckman, 2006; CrpebkoB, TsepbsioBuu, 2007; Kalogirou,
2009).

In order to evaluate the amount of heat energy received by following the
sun surface, in all the cases in a variety of correlations are used. Results of
calculation for tracking the sun systems in Table 1.1 are given. The two-axes
tracking system collects the maximum possible solar energy during the day at
summer solstice and equinox. The E-W polar tracking system makes it possible
to collect maximum solar energy during the equinox, which is equal to two-axes
tracking system collected, and during the summer solstice by about 8% less
radiation energy compared with two-axes tracking system. This is explained by
the fact that solar energy collector’s inclination is equal to the polar axis, which
in this case is equal to the place latitude, and on equinox, when 6=0° and the
angle of solar incidence 6=0°.

41



When analyzing the results which are summarized preference would be
given to E-W polar single-axis tracking system, because the obtained results in
percentage are closer to the two-axes tracking system compared with other
single-axis tracking systems.

1.3.  Mathematical model for the collector

In order to substantiate the calculation of the efficiency of a solar collector,
there were computed the maximum of heat energy, which the equipment is able
to produce. Assuming that the rotation mechanism of the solar collector 4
(Fig.1.6.) will operate with interruptions, the angle of solar beams incidence has
been analyzed. In the case when the absorber of a solar collector is perpendicular
to the sun's rays and 8=0°, solar radiation that strikes the reflective surface as Iy
(the left side reflector) and I, (the right side reflector), comes to points O; and O..
Being reflected they come to the solar collector as values I, and I, in point O.
The sun beam after some time gets in the second position, when 7’ becomes like
I'ia and I') like I, in point O’. The solar incidence angle will change and in
Figure 1.6. is displayed as angle 6.

Taking into account the correlations that determine the intensity of solar
radiation which reaches the collector working surface, as well as used
thermodynamic parameters and the factors influencing them, the mathematical
model for the determination of the amount of heat energy produced by the solar
collector with reflectors is created as following:

24 [1+ 0.033cos(360' ”j :
Vs 365

Q,=36-S,|-cosfry*(1.01-7 s, +1.01- 7,2, 2, COS 23, COS 26)) —
-q, (TI _Tg)

, (1.4)

where Q¢ —amount of heat accumulated by the solar energy collector, J;
S — working surface area of the solar energy collector, m%;
7a  —atmospheric transmission coefficient, relat.unit;

6  —angle of solar incidence, degrees;

Isc —solar constant, W m™;

n  —serial number of the day, counting from the first January;

7, —transmission coefficient of the solar collector’s covering, relat.
unit;

0, - energy loss coefficient, W m? K™;

T, —outdoor air temperature, K;

T; —inlet temperature of the heat carrier into collector, K;

m, — atmospheric mass, relat.unit, whose value is determined according
to the day of the year (in view of the sunset and sunrise times, or
angles wq):
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m j— 1 1 (1'5)
A=
w“g Sin gsin & + CoS ¢ C0S & COS @,

where wg; — sunset hour angle, degrees;
¢  —latitude, degrees;
0  —solar declination, degrees or radians.

The mathematical model for the solar collector irradiated from both sides

Qk :3'6'Sk |_2|k770T _qzv(Tiv _Tgv)J’ (16)

where 7, — optical efficiency of collector, relat.unit,

which is explained in detail in the thesis.

For determination of the theoretical amount of heat that can be obtained
from a solar collector with reflectors, the simulation model was used. The model
was established with Matlab-Simulink software, using the equation (1.4). In
order to simplify the simulation process, the simulation model was divided into
three blocks, which are identified by letters A, B and C.

Figure 1.7. shows the block A, block B and block C combination, thus
demonstrating the theoretical heat quantification of the solar collector with
reflectors. The simulation model is developed in accordance with formula (1.4).
The simulation model block A (see Figl.7.) assesses the ratio of concentration,
considering the dependence of rotation angle of the reflector on the other
parameters of the solar collector. On the basis of this unit determined
correlations /3, and C, are used. Incepting parameters like latitude and number of
the day, with assistance of simulation block B is determined the amount of solar
radiation, collected by the solar collector with reflectors during a day. The
simulation block C contains the heat loss coefficient determination scheme,
where correlations found for calculation of the heat loss coefficient of the solar
collector’s shell, the heat loss from collector’s absorber surface coating and the
factors influencing the heat losses (wind, temperature).

The data obtained from the simulation model processing results it follows
that the most productive months are from March to October. Using the obtained
correlation (1.6) was established simulation model for quantities of heat
produced by the solar collector irradiated from both sides.

2. EXPERIMENTAL RESEARCH

The aim of the experimental research is to determine the intensity of solar
radiation striking the working surface of a fixed and tracking the sun solar
collector. By means of these values it will be possible to calculate an average
atmospheric transfer coefficient. Experimental investigation of the solar collector
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irradiated from both sides has been carried out and obtained data analyzed. The
amount of produced heat energy at different radiation intensities is stated. The
data obtained experimentally are compared with computed using Matlab-
Simulink software and the relative deviation is established.

Experimental research contains description of the design of the solar
collector with reflectors. The construction has been tested under laboratory and
field conditions. The data obtained are compared with the data obtained using
simulation model. The chapter structure is shown in Figure 2.1.

2.1. Mobil meteorological data registration device

To determine the average value of atmospheric transmittance and outdoor
air temperature a portable meteorological data measuring and registration device
MMD-4 (Latvia patent LV 14312 B) was used.

During three years, from 2005 to 2007 from March 1 till November 1 (in
2005 from April 1till Novemberl), placed on the roof of a house the device was
measuring and registering the intensity of solar radiation on fixed and tracking
the sun surfaces, as well as air temperature and relative humidity. The values of
these parameters was measured and recorded in the memory of a computer. From
the analysis the data obtained is seen that following the sun solar collector has
collected 1.4 times more heat energy in comparison with stationary working
solar collector.

2.2.  Experimental researches of the solar collector irradiated from both
sides

The methodology for experimental research of a solar collector having the
box-type absorber and both sides irradiated was developed. The ordinary flat
plate solar collectors are irradiated only from one side, which is directed to the
sun. The rear side of the collector is covered by heat insulation. Therefore the
heat loses through this surface are insignificant.

A collector irradiated from both sides has the box-type absorber, into which
heat carrier is circulation. There both sides are irradiated. The amount of
produced heat energy by the collector depends on radiation intensity.

The aim of research to find out how much more heat energy can be
produced by a solar collector, which absorber surface is irradiated from both
sides. The research was performed at two different radiation intensities —
1000 W m® and 500 W m (in case of thermal insulation with 2000 W m™). At
the same time it is envisaged to state such solar collector parameters as collector
power, the average absorber temperature, produced heat energy, efficiency and
others, as well as dynamic parameters of the collector.

As a subject of the research solar collector irradiated from both sides is
envisaged to use (Fig.2.2.). The collector consists of the box-type absorber,
placed in the collector’s wooden frame, which both sides are covered with glass
panes. The absorber is made of two steel sheets soldered together with small
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distance between them. They were 550 mm for 500 W m? — 340 mm for
1000 W m and — 345 mm for 2000 W m™,

During the irradiation (heating) process the heat carrier (water) temperature
in the solar collector loop increased. It caused increase in temperature between
the absorber and ambient air temperature 47,5 At the same time increased the
solar collector’s heat loss. In result of this the produced heat energy per unit of
time, efficiency and power of the collector lowered. The rise in temperature A7,
continued while the stationary process was reached, for this type and intensity of
the corresponding peak value. The numerical values of the capacity and
efficiency decreased and at the end of the heating, when stationary process was
established, the numerical values should be equal to zero.

There advantages and disadvantages of different type of heating
characteristics data are analyzed. As an example, let's look at Figure 2.3. In this
case the solar collector is irradiated with radiation intensity 1000 W m™ It
should be noted that when heating a solar collector from both sides, in
comparison with the variant, when a solar collector is heated from one-side (the
other side is covered by heat insulation), more rapidly the temperature difference
ATy s increasing. Solar collector irradiated from both sides is able to highten the
water temperature by 45°C during 40 minutes, while from one side irradiated
collector — 120 minutes. To heat a certain amount of water for the same
temperature AT, the solar collector irradiated from both sides, consumes less
power and is working with greater efficiency. This enables one and the same heat
storage capacity to accumulate substantially greater amount of heat.

Obtained data show that when the solar collector is irradiated from both
sides with the radiation intensity 2 times larger than the classical flat-plate solar
collector irradiated from one side, the increase in temperature A7,, and heat
production is about 1.65 times. As a positive factor should to be noted that in
terms of design the solar collector irradiated from both sides is simpler than the
irradiated only from one-side, when the rear side is covered by heat insulation.

Comparing the experimental data obtained for the solar collector irradiated
from both sides with obtained using the simulation model, the model’s relative
error was determined. This value is 4.7% when irradiated with intensity
1000 W m™ and 4.2% — when irradiated with the intensity500 W m™, indicating
the accuracy of the simulation model.

2.3.  Designing of the solar collector with reflectors

Based on the theoretical research the solar collector with reflectors
following the sun was developed and Latvia patent LV 13371 B received
(Fig.2.4.). To prevent the equipment from heeling, stated during the time of
approbation, improved construction of the collector was developed and Latvia
patent LVV13549 B received. The structural performance of these equipments is
described in the thesis. Like to the first variant of the collector (see. Fig.2.4.), the
second construction of the collector with reflectors and without heeling was
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optimized so that zenith angle of collector was changeable depending on the
angle of solar declination. Construction was improved and Latvia patent LV
13713 B was received.

Based on the calculation and research made in the theoretical part of the
work, automatic the sun tracking system for the solar collector with reflectors
was developed. The system’s functional scheme and description of its principle
of operation in the promotion work is given. For the solar collector’s control
device ensuring the tracking process of the sun Latvia patent LV 14611 B was
received.

In order to determine the accuracy of the simulation model, in May 2011 the
experimental field research of the solar collector with reflectors was carried out.
The collector was placed on the roof of a building of the agency of LUA
Research institute of Agricultural Machinery. Table 2.1 shows the obtained data
compared with the simulation model data during 5 days. The selected days for
the experiment were not rainy. May 12 was cloudless in comparison with the
other days and the average air temperature, as it is seen from the table, was at its
maximum, that is 24°C.

As follows from Table 2.1relative error values varies from 3.05-6.01%,
average value is 4%, which shows accuracy of the simulation model. In order to
compare the solar collector with reflectors with a flat-plate solar collector
irradiated only from one side, the described simulation model was used. From
the results it follows that using the solar collector with reflectors and irradiating
it with the intensity of radiation 1000 W m? 2.89 times more of heat in
comparison with the flat-plate solar collector can be obtained.

3. ECONOMIC EVALUATION

For the economic evaluation of the use of the solar collector with reflectors,
its manufacturing cost and the seasonal benefit was calculated, as well as
economic comparison with other types of resources was carried out as seen in
Figure 3.1.

The total amount of heat energy which can be obtained during 8 summer
months from the solar energy collector with reflectors with area 0.1 m? is 108.68
MJ, converting to electrical energy (1 MJ=3.6" kWh) it makes 30.19 kWh.
Similarly was stated the amount of electricity produced by the solar energy
collector with reflectors that area 1m?, W,;=301.89 kWh. Calculated average
efficiency is #,ig=0.69.

It is estimated that 0.1 m? the manufacture of the solar energy collector with
reflectors were consumed 174.65 EUR, the solar energy collector with reflectors
1m? manufacturing costs C, will amount to 341.08 EUR.

In order to determine the prime cost of 1 kWh heat energy produced by the
collector, there have to be known the necessary capital investments for buying
the equipment and transportation and mounting expenses (Priekulis, 2008):
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K =k, -C, =1.2-341.08 = 409.30 EUR, @.1)

where kn — coefficient of additional expenses associated with the
transportation and installation of the equipment.

The prime cost for a solar collector with reflectors and working area 1 m? at
its life time 20 years is 0.09 EUR kWh™, but if the life time is 15 years, the
prime cost of the heat energy produced by the collector is 0.12 EUR kWh™.

Carrying out the economic comparison of the solar collector with reflectors
with other types of heat resources, it was compared with the amount of
electricity required for heating the same quantity of water. For this the total cost
of equipment is considered (Priekulis, 2008), witch consists of fixed costs
(capital raised and electricity) and variable costs (equipment repair).

For the comparison there solar energy collectors installed on the roof of a
building of the agency of LUA Research institute of Agricultural Machinery
were used. These are produced by the Viessmann company flat-plate solar
collector Vitosol 200F SV2 and vacuum tube collector Vitosol 200 SD.
Additionally for the comparison there different types of fuel equipment (wood-
burning boiler, natural gas boiler, pellet boiler, liquid fuel boiler) was selected.
In the calculation it was assumed that for all the equipment it is necessary to
consume 900 kWh for water heating per season.

The fixed and variable costs of the solar collector with reflectors with flat-
plate Vitosol 200F SV2 and vacuum tube Vitosol 200 SD collectors as well as
various types of fuels equipment were compared (Fig.3.2.). From the data
analysis it is stated that in order to produce the same amount of heat to use solar
collectors with reflectors is recommended.

The pay back time for the equipment is determined by formula (Kalogirou,
2009):

L (3.2)
Cek
where Cg — economic benefits from the introduction of the equipment, EUR.

The comparison was made in case when for water heating the electricity is
used. The calculation shows that the pay back time for the solar collector with
reflectors is 9 years.

Referring to the statistics of Europe (Eurostat, 2012), that the price of
different types of fuels is increasing each year, it is possible to predict that for
the solar energy collector with reflectors capital investment and pay back time
during next few years will be even lower comparing with other types of fuel
resources.
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CONCLUSIONS

The construction of the solar energy collector with reflectors providing
higher intensity of solar radiation on the absorber is invented (patent LV
13713 B).

Maximum and minimum values for the rotation angles of the collector’s
reflectors are stated. Mathematics coherences for the calculation of the
rotation angles of the reflectors, when the width of the reflectors are not
wider than the width of the absorber, a,:a,’<l1, because it ensures the
efficient use of the reflective surface area of the collector.

It is recommended to have the rotation interval 10 minutes for the solar
collector with reflectors.

The higher irradiation intensity on the collector absorber can be achieved
using the two-axes tracking mechanism, but it raises the cost of equipment.
The second option is to use the one-axis rotation around the polar axis,
which in summer and winter solstice allows use up to 92% of the sun
radiation intensity, but in autumn and spring solstice up to 100% of solar
radiation.

Our three-year average measurements and calculations of the atmospheric
meteorological parameters (intensity of solar radiation, air temperature and
relative humidity) show that during the 8-months period (March-October),
the sun tracking solar collector can produce 1.4 times more heat energy than
the south oriented stationary located solar collector, but during the summer
months by up to 1.5 times more.

The stationary placed and irradiated from both sides solar collector
produces 1.65 times more heat energy in comparison with the collector
irradiated only from one side, at the same intensity of radiation.

Comparing experimentally and theoretically obtained data for the solar
collector irradiated from both sides with data obtained using the simulation
model, it was found that the measurement error is 4.7% (irradiation with
radiation intensity 1000 W m™) and 4.2% (with irradiation intensity of 500
W m), which shows a simulation model of sufficiently high accuracy.
Comparing the amount of heat produced by the sun tracking flat plate solar
collector under field conditions with results obtained using the Matlab-
Simulink software, it is stated that at the same radiation intensity, collector
with reflectors produces 2.89 times more heat than the collector without
reflectors.

The prime cost of heat energy produced by the solar collector with
reflectors is 0.09 EUR kWh™.

Taking into account the annual operating cost it is stated that the pay back
time for the solar collector with reflectors is 9 years.
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