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IEVADS
Darba aktualitate

Latvija notiek intensiva individualo biivju celtnieciba gan laukos, gan pilsétas.
Pamazam sak atjaunoties daudzdzivoklu maju celtnieciba. Jauncelamajas
buves ir nepiecieSams izveidot miisdienigas apsildes sist€mas. Ar1 daudzas
agrak celtajas buves apsildes sist€mas ir fiziski un morali novecojusas, tas
nepiecieSams nomainit ar jaunam. Modernai apsildes sist€mai janodroSina
nepiecieSamais komforts telpas, vienlaicigi samazinot primaro siltuma avotu
paterinu. To var veikt tikai izmantojot misdienigus sistémas elementus un
izmantojot automatisku sist€émas vadibu ar sava starpa salagotiem apsildes
sistémas un vadibas elementiem. Nemot véra, ka Latvija un arT visa pasaulé
kurinamais klist arvien dargaks, palielinas izdevumi par telpu apsildi
Nodro$inot mazaku kurinama patérinu un pilnigaku ta sadegSanu, samazinas
izdevumi un vides piesarnojums. Lidz ar to nepiecieSamais komforta ITmenis
telpas tiek nodroSinats pie mazaka kaitigo izmeSu daudzuma uz kurinama
vienibu un ta absoliito patérinu. Sads pilnveidosanas virziens atbilst ar Kioto
protokola nosacijumiem. Darba tiek apskatiti autonomas apsildes risinajumi
individualai dzivojamai biivei gan izmantojot tradicionalas apsildes sisteémas,
gan mazak izplatitas, ka arT alternativos primaras energijas avotus un
kompleksi kombingjot tos. Liela uzmaniba pieveérsta apsildes sistemu
automatiskai vadibai un model&Sanai.

Darba merkis, pétijumu virzieni un uzdevumi.

Promocijas darba galvenais mérkis ir izveidot imitaciju modeli, ar kura
palidzibu varetu veikt apsildama objekta termodinamisko procesu un
reguléSanas sistémas darbibas analizi, lai noteiktu kriterijus izv€letas apsildes
sistémas racionalam darbibas rezZimam, ka ari lai izstradatu sistemas vadibu,
kas nodrosina izveleto kritériju izpildi. Darba uzdevumi ir:

- izpétit siltuma avotu Ipasibas, to piemérotibu autonomai siltumapgadei
individualajas dzivojamas buves, nemot Vera inZeniertehniskos,
energgtiskos, ekologiskos un fiziologiskos faktorus;

- izmantojot siltumparvades procesu matematiskas un imitaciju
modelésanas metodes, izpétit un pilnveidot individualas apsildes
automatiskas vadibas sistemu darbibas stabilitati un kvalitati determin&tu
un stohastisku perturbaciju apstaklos;

- pamatot autonomo individualas apsildes sistému energétiski, ekologiski
un ekonomiski atbilstoSus risingjumus mazstavu individualajam
dzivojamam bivém.



Pétijumu metodes un darba zinatniska novitate

Pétijumi saskana ar izvirzitajiem mérkiem un uzdevumiem tika veikti ar
matematiskam un datora modeléSanas metodém, ka ari ar fizikali-
eksperimentalam datu ieglisanas metodém. P&tijjumu metozu pamata ir
energoefektivas elastigas apsildes sisteémas un tas vadibas modela izstrade, ar
kura palidzibu, modelgjot sistémas darbibu, tick veikta augstak min&to
uzdevumu izpilde. Darba izstradatais sistémas modelis |auj optimizet apsildes
sistému darbibu pamatojoties uz ojekta termodinamiskas analizes rezultatiem.
Darba izmantota LLU Lauksaimniecibas energgtikas institiitd piecjama
merisanas un datortehnika, petfjumu veikSanai izgatavotas iekartas un apsildes
sisteémas individuala dzivojama maja. Izmantotas datorprogrammu paketes MS
Excel, Matlab 5.2 Simulink, AMR Data Control 4.1, ierice ALMEMO

8990-8.
Promocijas darba zinatniska novitate ir:

- izstradats tdens apsildes sistémas vadibas un apsildama objekta
siltumparejas procesu imitaciju modelis, izmantojot datorprogrammas
Matlab apakSprogrammu Simulink, kas lauj izp&tit un pilnveidot
individualas apsildes automatiskas vadibas sistému darbibas stabilitati un
kvalitati ka arT model@t biivju siltumparejas procesu norisi determinétu
un stohastisku perturbaciju apstaklos;

- izstradats ar sildkabeli apsildamas gridas vadibas procesu imitaciju
modelis, izmantojot datorprogrammas Matlab apakSprogrammu
Simulink, kas lauj izpetit un pilnveidot sistémas darbibas stabilitati un
kvalitati determingtu un stohastisku perturbaciju apstaklos

- izpétita un pamatota iesp&ja izmantot biivju apsildei siltumu, ko iegiist
kompostgjot augu valsts produktus, kas rodas piemdjas saimniecibas
uzturéSanas procesa;

- izmantojot izstradatos imitaciju modelus, veikta reguléSanas sisteémas
ietekmes uz apsildes izmaksam analize.

Darba aprobacija

Promocijas darba pétijumu rezultatu aprobacija tika izpildita autoram

uzstajoties zinatniskajas konferences:

1. R. Selegovskis, E. Visockis. Zemgridas apkures pétijumi ka siltumnesgju
izmantojot diimgazes./ InZenierproblémas lauksaimnieciba. Jelgava, 2005.

2. R. Selegovskis. Apsildamo gridu temperatiiras automatiskas regulésanas
sisttmas modelésana./ Modernas tehnologijas energijas ieguvei un
izmanto$anai. Jelgava 2004.



3. 1. Plame, R. Selegovskis, A. Spidans. Siltumparvade sistema konteiners —
gridas apsildes panelis. Modernas tehnologijas energijas ieguvei un
izmanto$anai. Jelgava 2004.

4. 1. Plume, R. Selegovskis, A. Spidans. Heat transfer in system container —
floor heating panel. Technical progress in agriculture. Kaunas, 2004.

5. L. Plume, R. Selegovskis. Heat and mass transfer within composting
container./ International konference. Kiev, 2001.

6. 1. Plume, R. Selegovskis. Heat balance for composting container. //
Technical progress in agriculture. Kaunas, 2000.

7. R. Selegovskis. Apsildamo gridu izvéles analize./ InZenierproblémas
lauksaimnieciba. Jelgava, 2000.

8. R. Selegovskis. Privatmajas apsildes siltumgeneratora izvéles analize.
InZenierproblémas lauksaimnieciba. Jelgava, 2000.

9. R. Selegovskis. Apkures sisttmu ar plastmasas caurulvadiem
ekspluatacijas problémas./ Inzenierproblémas lauksaimnieciba. Jelgava,
1999.

Aprobacija veikta arT sekojosas publikacijas:

1. R. Selegovskis, E. Visockis. Zemgridas apkures pétfjumi ka siltumnesgju
izmantojot diimgazes./ InZenierproblémas lauksaimnieciba. Jelgava, 2005.

2. R. Selegovskis. Apsildamo gridu temperatiiras automatiskas regulésanas
sistémas modeléSana./ Modernas tehnologijas energijas ieguvei un
izmantoSanai. Jelgava 2004.

3. L. Plume, R. Selegovskis. Heat and mass transfer within composting
container.// Industrial Heat Engineering. No. 4-5. - Kiev. — 2001, p. 33-38.

4. 1. Plume, R. Selegovskis. Heat balance for composting container. // -
LZUA Research Papers, Kaunas, vol. 5(1), 2000, pages 240...245.

5. R. Selegovskis. Asinhrono elektrodzin&ju kombinétas aizsardzibas ierices
EKA-2 fazu reZima kontroles kédes pétijumi.//Elektrodzingju kombin&ta
aizsardziba. LLU raksti, 1993., Nr.247, - 60...74.1pp.

6. R. Selegovskis. Nullsecibas sprieguma izmantosana elektroiekartu fazu
rezima kontrolei.//Tehnologijas un tehnikas pilnveidoSana lauksaimnieciba.
LLU raksti, 1991.,Nr.266, - 55...61 Ipp.

Iegiuitie rezultati un darba praktiska nozime

Izmantojot izstradatos imitaciju modelus, ir iesp&jams pétit apsildama
objekta siltumparejas procesus un veikt apsildes sisttmu vadibas darbibas
analizi un racionalu parametru izvéli. Ta rezultata ir iesp&jams uzlabot apsildes
sisttmu darbibas kvalitati, paliclinat komfortu biivés, samazinat apsildes
izmaksas un vides piesarpojumu ar kaitigajiem izmeSiem.



Darba struktiira

Pirmaja nodala veikta apsildei izmantojamo siltuma avotu un apsildes
sistému analize, izvertétas to izmantosanas iesp&jas atbilstosi ekonomiskajiem,
inZeniertehniskajiem, ekologiskajiem un komforta kritérijiem.

Otraja nodala analizéta autonomo Udens apsildes sisttmu darbiba. Ir
izstradati telpas siltumparejas procesu un apsildes sistemas reguléSanas
sisteémas modeli, izmantojot dazadus temperatiiras reguléSanas veidus. Veikta
modela parametru preciz€$ana.

TreSaja nodala, izmantojot eksperimentalo pétijumu datus, analizgti
siltumparejas procesi apsildamai gridai, izstradats apsildamas gridas
temperatiiras reguléSanas sisteémas modelis, veikta ta parametru optimizacija.

Ceturtaja nodala analizEtas iesp&jas telpu apsildei izmantot biomasu
degradacijas procesos iegiito siltumu.

Piektaja nodala. aprakstitas eksperimentalos p&tijjumos izmantotas metodes,
datu ieguves un apstrades iekartas

Sestaja nodala veikts biuivju apsildes inzeniersistétmu vadibas izvéles
ekonomiskais pamatojums.



1. Autonomo siltumapgades veidu analitiskais apskats

Pirmaja nodala veikts dazadu individualo biivju siltumapgades un apsildes
veidu salidzinajums un izv€les pamatojums, vadoties p&c inzeniertehniskajiem,
ekonomiskajiem, ekologiskajiem un komforta kritérijiem.

Darba analizéta izplatitako primaro energijas avotu atbilstiba individualo
biivju apsildei: dabasgaze, saskidrinata propana-butana gaze, mazuts,
dizeldegviela, Skidrais krasnpu kurinamais, biodizeldegviela, kiidra, koksnes
kurinamie, ogles, elektroenergija, zemes siltums, saules energija, biomasu
siltums, biogaze.

1.tabula ir redzama primaro energijas avotu atbilstiba izvéles kritérijiem.

1.tabula
Individualas apsildes siltuma avotu atbilstiba izvéles kriterijiem
Siltuma avota atbilstiba Kkritérijiem
Siltuma avots | Ekologiskie | Tehnologiskie | Ekonomiskie Komforta
kriteriji kritgri'i kri?gri'i kri?fri'i

Kiudras + + + +
briketes
Akmenogles + +
Malka + + + +
Dabasgaze + + + +
Sask. propana
—blitﬁl:la gﬁze * * T
Siltumsuknis + + + +
Skaidu briketes| + + + +
Skaidu + + + +
granulas
Dizeldegviela + + + +
Elektroenergija| + + + | +

Kopuma raksturojot dazadu siltumenergijas avotu piemérotibu izmanto$anai

individualas autonomas apsildes sist€émas, jaieverte vairaki aspekti.

e No ekologiska viedokla vispiemérotakie kurinamie individualajas apsildes
sisttmas ir dabasgaze un koksnes kurinamie, pateicoties mazam kaitigo
izmeSu daudzumam, kas rodas degSanas procesa. Lokala m&roga par videi
nekaitigu siltuma avotu var uzskatit elektroenergiju. Biomasu komposté$anas
siltuma izmantoSana veicina ar1 vides sakartotibu.

e No tehnologiska viedokla nemot vera sistémas automatizacijas iespgjas,
vispiemé&rotakie siltuma avoti ir elektroenergija, bet no kurinamiem ta ir



dabasgaze, ka arT skaidu granulas. Skidro kurinamo sistémam ir sarezgita
kurinama padeves sistéma. Attieciba uz pievadiSanas un uzglabasanas
iespgjam visertakais avots ir elektroenergija un dabasgaze, ko piegada pa
cauru]vadiem.

No ekonomiska viedokla vislétako siltumenergiju, ievértgjot kurinama
cenas, sildsp&ju un katlu iekartu vidgjo lietderibas koeficientu, var iegiit no
kiidras briketém, akmenoglém, malkas. Dargako siltumenergiju ieglst
izmantojot elektroenergiju un dizeldegvielu (1.att).

No komforta viedokla ieteicams siltuma avots ir elektriba. Erts ir ar
siltumsiiknis. ArT dabasgaze nodroSina augstu komforta Iimeni. Izmantojot
Skidro kurinamo, javeic pasakumi, lai nepielautu specifiskas smakas
izplatiSanos. Izmantojot cietos kurinamos, nepiecieSama regulara pelnu
tiriSana un kurinama piegade uz katlu, kas piesarno telpas, biezak jatira katli
un skursteni.

IzmantoSanai individualajas autonomajas apsildes sist€émas nav piemérots
mazuts un frézkidra, jo mazutam ir nepiecieSami speciali sagatavos$anas
pasakumi pirms padeves uz degli - sildiSana. Frézkiidrai nepiecieSama
sarezgita padeves sistéma un ta aiznem lielu tilpumu uzglabajot.

Biogazes un biomasu kompostéSanas siltumu var izmantot ka papildus
avotu specifiskos apstaklos, kur ir pietiekoss daudzums izejvielu;

Saules energijas izmantoSanas izmaksas ir mazas. Galveno izmaksu dalu
veido iekartu iegade un uzstadisana. Tas ir ekologiski tirs energijas ieguves
veids, kura galvenais trikums ir ieguves iesp&ju nevienmerigums un
neprognoz&jamiba. Tade| saules energijas izmanto$anu ieteicams kombingét
ar citiem apsildes veidiem.

Kogeneracijas iekartas ir sareZgitas un dargas un individualam nelielam
blivém nav piemérotas.

50 OKdidras briketes
OAkmenogles
40 -
OMalka
30 - ODabasgaze

O Siltumsiknis

Siltuma izmaksas, Ls/MWh

20 H Koksk. briketes
10 | M Jelgavas ST
,—|—|_ B Propans - butans
0 O Dizeldegviela
Siltuma avots @ Elektroenergija

1.att. Siltumenergijas izmaksas, izmantojot daZzadus siltuma avotus



Darba veikta individualajam bGvém piemérotako apsildes sistémas veidu
analize, nemot vera iepriek§ mingtos kriterijus. Izvertétas Gdens apsildes
sisttmu ar sildkermeniem, ar tdens sildcaurulém apsildamo gridu, ar
elektriskajiem sildkabeliem apsildamo gridu, gaisa apsildes sistému atbilstiba
Siem krit€rijiem.

Komforta apstakli ir individuals jédziens un tos raksturojoso parametru
vertibas katram individam var atSkirties, tacu apstakli, kas tos ietekm& ir
kopigi. Galvenie fiziologiskie faktori, kas nosaka apsildes parametrus, ir
sekojosi:

- individa fiziskais aktivitates Itmenis;

- individa apggrba siltumizol&josas ipasibas;

- apkartgjo siltuma avotu temperatiira;

- gaisa atrums ap kermeni;

- gaisa relativais mitrums.
Dazadas $o faktoru kombinacijas veido apmierino$u komforta izjiitu.
Tehniski ekonomiskie faktori iedalami sekojosas kategorijas:

silluma avota pieejamiba un izmanto$anas iespgjas, ka arl izvéles

ekonomiskais aspekts katra konkréta gadijuma;

siltumnesgja izvéles aspekti;

apsildes sistemas veida izvéle.
Ekologiskie kritériji raksturo sisteémas kopgjo ietekmi uz apkartgjo vidi.
Nemot véra Sos kriterijus, ir jaizvelas sistéma ar vismazako kaitigo ietekmi uz
vidi. To ietver sekojosi nosacijumi un iespéjas:

- kurinama izvéle, kam ir mazaka nelabveliga ietekme uz vidi;

- kvalitativaka kurinama izmanto$ana;

- iekartu izmantoSana, kuram ir kvalitativaks un pilnigaks degSanas

process;

- specialo iekartu izmantoSana, kam ir samazinata kada izmeSu kaitiga

komponente;

- papildieri¢u izmanto$ana, kas noved pie kaitigo izmeSu samazinasanas;

- siltuma zudumu samazinasana noved pie samazinata kurinama patérina

un zemaka vides piesarnojuma;

- sistémas regul€Sanas iekartu izmantosana.

Subjektivie kriteriji ir individuali un var bt pretruna ar pargjiem. To
iev@roSanu un prioritati nosaka finansialas iesp&jas un likumdoSanas normativi
un noteikumi.
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2. Autonomo udens centralapsildes sistemu analize un
darbibas modeléSana

Otraja nodala analiz€ta autonomo T{dens apsildes sistému darbiba.
Izstradati telpas siltumparejas procesu un apsildes sistémas regulSanas
sistémas modeli, izmatojot dazadus temperatiiras reguléSanas veidus, veikta to
parametru precizésana.

Udens €ku centralapsildes sistémas ir visbiezak sastopamais apsildes
veids, jo tai ir daudzas prieksrocibas salidzinot ar citam. Tade] $aja darba tika
izstradati modeli idens apsildes sisttmam ar sildkermeniem telpas.

Telpu gaisa temperatiira ir butiskakais faktors, kas nodroSina tas
mikroklimatu, radot komforta sajiitu. Tas nodroSinasanai kalpo dazadu veidu
apkures regulatori. Apkures regulatora pamatfunkcija ir siltuma zudumiem
atbilstosa siltuma daudzuma pievades regulé$ana sildkermeniem. Vispargja
gadijuma biivju tGdens apsildes sistému vadibu un regulésanu nosaka Eiropas
standarti EN 12098—1 un EN 12098-2. Sie standarti paredz iekstelpu gaisa
temperatiiras reguléSanu péc t.s. izlidzinatas ara gaisa temperatiiras. Regulgjot
jaieverte laika kavéjums starp ara gaisa temperatiiras izmainu un tas ietekmi uz
telpas gaisa temperatiiru.

Ir vairaki veidi, ka regulét sildkermena atdota siltuma daudzumu telpai:

e Siltumnesgja turpgaitas temperatiiras reguléSana sajaucot attiecigaja
proporcija no siltuma generatora pienako$o Kkarsto siltumnesgju ar
sildkermenos atdzisuso atpakalgaitas siltumnesgju;

e Siltumnesgja turpgaitas temperattiras reguléSana, regul&jot temperattru
siltuma generatora;

e  Pievadita siltuma daudzuma regul€Sana mainot cirkulacijas stikna razigumu;

e Siltumatdeves regulé$ana mainot caurpliidi ar varstu.

Sildkermenim siltums tiek pievadits ar siltumnesgja starpniecibu, kas tidens
apsildes sistémas ir tidens. Sildkermena atdoto siltuma jaudu, var izteikt ar formulu:
Pr=M, *c;po *(T, -T,)> 2.1)

kur: P;— faktiska sildkermena atdota jauda, W;

M — faktiska siltumnesgja pliisma caur sildkermeni, kg*s™;

Ci20 — Udens Tpatngja siltumietilpiba, J *kg’1 K

Ty — sildkermenim pienakosa siltumnesgja temperatiira, 0C;

T, — no sildkermena izejo3a siltumnesgja temperatiira, °C.
Sildkermena atdota siltuma jauda mainas atkariba no temperatiiras koeficienta,
kas ir proporcionals vidgjai temperatiiru starpibai AT. So sakaribu var izteikt ar
formulu:

P
P =, 2.2)
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kur: P, — nominala sildkermena jauda, W
k — temperatiiras koeficients (k = f(AT).

AT:lkT—T; : (2.3)
hl Kk 1a
T,-T,

kur: T, —telpas gaisa vidgja temperatiira, oC.

Likne 2. attéla atspogulo sakaribu starp vidéjo temperatiiru starpibu AT un
temperatiiras koeficientu k. To aproksimgjot ieglist sakaribu starp k un vidgjo
temperatiiru starpibu. .Nominalo jaudu sildkermenim parasti razotajs nosaka
temperatiiru rezima 75/65/20, t.i. T, = 75 °C, T, = 65 °C pie vidgjas T, = 20 °C.
Viens no reguléSanas veidiem ir siltumnesgja pliismas maina pie nemainigas
pievadita siltumnes€ja temperatiiras. Rezultata mainas sildkermena atdotais
siltuma daudzums, mainoties T, un AT. T,. var aprékinat p&c sakaribas 2.1 pie
dotas Ty un atbilstosas caurpliides. Tika pienemta noteikta Ty, un pec sakaribas
2.4 pie dazadam T, aprékinata faktiska sildkermena atdota siltuma jauda P pie
Tg=20°C. Talak izmantojot sakaribu 2.1, tika aprékinata nepiecieSama faktiska
caurpliide My, lai nodro§inatu siltuma jaudu atbilstosi Ty, Tyun T,

27

v=145 445 272

w33

3

=T

ER AN

8 1

£ T

E 0.3 r T T - T

= 10 20 30 40 50 60 70
AT

2. att. Sakariba starp vidéjo temperatiru starpibu AT un
temperatiiras koeficientu k

Aprekina piemérs atspogulots 2. tabula. Aprékiniem izmantota Exel
datorprogramma. Tika konstru€tas Iitknes (3. att.) caurpliides diapazona
M= 0,002374...0,0374 kg”‘s'1 (10...100% M,). No tam var secinat, ka
caurpliides palielinaSana virs nominalas maz ietekmé sildkermena jaudu un to
veikt ir nelietderigi, jo pieaug siltumnesgja plismas atrums un hidrauliska
pretestiba.
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2.tabula
Sildkermena faktiskas jaudas aprekinu rezultati pie ieplustosa
siltumnesgja temperatiiras T,=75 "C.
Pn, W 1000 1000 1000 1000 1000 1000 1000 1000

Tk, °C 75 75 75 75 75 75 75 75
Ta, °C 30 35 40 45 50 55 60 65
Tg, °C 20 20 20 20 20 20 20 20

Pf, W 443 539 625 706 782 855 926 996

11:/;:8_1 0.00235{0.00321{0.00426 |0.00561|0.00747{0.01021 {0.01473]0.02374

B Pn *AT1,2727 P (24)

n

1T 14544 14544%(T, T, )"

(ln Tk B Ta )1,2727

T,-T,
r=242 06Ln(x) + 10448 =15 0+ 12582
¥ 2 1(x) ! Tk=TSDC v =131 4Ln{x) + 1258,2 T. —60°C
R'=07822 R=0,9796 k
1200 800
1000 -
600 -
& 800 >
a 800 - al
400 {
400
200 - - 200 ; ;
0 0.01 0.02 0,03 0 0.01 0,02 0.03
M, kg*s! M, kg*s 1

3.att. Sakaribas starp siltumnes€ja plismu un tai atbilstoSo faktisko
sildkermena jaudu pie daZadam siltumneséja temperatiram (10...100% My).

Otrs veids, ka var regulét sildkermena atdoto siltuma jaudu ir mainit
pienakosa siltumnesgja temperatiiru pie nemainigas caurpliides. Saja gadijuma
T, un Py ir savstarpgji saistitas un ir atkarigas no My un Ty, ka arT no T,. To var
aprakstit ar vienadojumu sisteému:

P_/ =M, *cypo * (T, -T,)

P, P *AT"™ (2.5)
Tk T 14544
kur: P, — nominala sildkermena atdota siltuma jauda, W;
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M, — siltumnesgja plisma pie nominalas jaudas, kg*s™.
No tas iegiist sakaribu starp P;un Ty pie nemainigas siltumnesgja plismas:
P kAT
M}I*CHZO*(TI(_TH): - (26)
145,44
Diemze€l §1 vienadojuma atrisinaana ir sareZgita, jo starp taja eso$ajiem
parametriem pastav daudzfunkcionala sakariba.

1600 Ti=78°C

1400 «— —— T=200c
= 1200 )ﬁ/——fﬁ —= T150C
o 1000 R ——T=10%
ﬂg o //./;/ — T,=50
=

600 - ——T=20C
4I}I} 1 1 1 1
0002 0005 0010 0015 0020 0025

Caurpliide My, kg*s-1

4.att. Sakariba starp sildkermena jaudu un siltumneséja caurplidi atkariba no
telpas gaisa temperatiiras (10...100% My)

Ertaks cel§, lai iegtu funkcionalo sakaribu starp nepiecieS§amo P; un Ty ir
izmantot sakaribu 2.4., no kuras analogi 2. tabula veiktajiem aprékiniem, var
iegiit sildkermena atdoto jaudu pie dazadam Ty un nominalas caurplides M,,.
Py, ko telpai atdod sildkermenis, ir atkariga no T,. Sakaribas starp sildkermena
atdoto jaudu Py un caurplidi M; (T, = 75 °C), pie dazadam telpas gaisa
temperatiiram dotas 4. attéla (approksimétas sakaribas 3. tab.) starp T, un M;
pie dazadam T, 5. att€la, bet starp Prun T, pie dazadas M; 6. attgla. (4. tab.)

3. tabula
Sakaribas starp sildkermena atdoto jaudu un caurpladi (T, =75 °0)
Telpas gaisa Sakariba Py = f (My) Determinacijas
temperatira T, °C koeficients R?
20 Pr=242.6 In M+ 1944.8 0.9822
15 Py=276.11n M¢+2188.4 0.9804
10 Py=303.2 In M+ 2405.3 0.9830
5 Py=337.4 In M+ 2657.9 0.9828
2 Py=350.2 In M+ 2773.1 0.9849
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S 60 —— T _=200¢
]

= =10
p —=— T ~150C
8 —— T =100
) 0
a* —— T50
¥}

l—|

—#—T=1 e

T T T T
0 0,01 0,02 0,03 0,04 0,05
Caurplide My, kg*s-1
5.att. Izpliistosa siltumneséja temperatiira atkariba no caurpliides pieu dazadam
telpas gaisa temperatiram (T = 75 °C)

4.tabula
Sakariba starp sildkermena atdoto siltuma jaudu un telpas gaisa
temperatiiru pie dazadas siltumneséja caurpliudes

M, kg*s™” M/M,, Py =1 (T,)
0.05080 2,14 Pr=-252T,+ 1569
0.02374 1 Py=-23,7T, + 1467
0.01472 0,62 Pi=-209T,+ 1344
0.01021 0,43 Pr=-19,6 T, + 1245
0.00736 0,31 Pr=-17,5T, + 1129
0.00570 0,24 P=- 15,1 T, + 1008
1600
M —— M, M, =214
1400 -+ S
S oo
CRTI M \-\- —s M, /M =043
5 T —— M,
= .\.\\-c\\ M. :ﬂn: [:.:31
200 — -
~— —— M, M,=024
500 :

T T T
o 3 10 15 20 23
Temperatira Tg, 0

6.att. Sakariba starp sildkermena atdoto siltuma jaudu un telpas gaisa
temperatiiru (T, = 75 °C).

15



Pievadita siltuma daudzuma izmainai jaapsteidz T,, ietekme uz telpas
mikroklimatu un jakompensg ta, pirms ta notiek jo biive ir termodinamiska
sistéma ar lielu siltuma inerci. Tas nozimg, ka apsildes sistémai nepieciesams
regulators, kas ievertétu sekojosus faktorus:

®  3rgaisa temperatiiras izmainu;

celtniecibas konstrukciju termodinamiskos parametrus;
celtniecibas konstrukciju siltuma inerci ;

apsildes sistémas darbibas inerci ;

telpa izdalito siltuma daudzumu;

izmantota primara siltuma avota kvalitati un padevi.

Siltuma plismu caur celtniecibas konstrukcijam nosaka sekojosi
parametri: celtniecibas konstrukciju slanu biezums un to siltumvaditsp&jas
koeficients, ka arT konstrukcijas virsmas laukums un siltumatdeves koeficients.
Aprekinos izmantots siltumatdeves koeficients sienu iek$€jam virsmam o, =
8,7 W*m™*°C"| argjam virsmam o = 23 W*m>*°C™' [1].

Argjo faktoru ietekmi, ieejas un izejas parametru mainu un sistémas
darbibu var modelét izmantojot datorprogrammas ,,Matlab” apaks$programmu
,.Simulink”. ST programma lauj sastadit blokus un saites starp tiem, kas imité
sisteémas darbibu uz datora, un lauj novérot gan sist€émas darbibu kopuma, gan
arT atseviSku bloku darbibu stacionaru, un nestacionaru procesu laika [3].
Dinamiskais modelis tiek izveidots telpai (7. att.), kuras gridas laukums S,
=16 m’, arsienas virsmas laukums S, = 34,2 m’, telpas augstums h =3 m.

/(X.é
ot —| Tag
Sz Qz

Telpas gaiss
Tg

Q

Paketlogs 1,5x1,2 m
k,

— Kiegelu karta, 12 cm
I~ Skaidbetons, 25 cm

I~ Apmetums, 1,5 cm Arsiena

yA

—
Putuplasts, 3 cm
I~

Sildkermenis

Tk Ta

M ¢

7.attels. Telpas siltuma plusmas parvades shéma.
o 05 — sienas iek§€jas un argjas virsmas siltumatdeves koeficienti, WHm2+0C !,
o — sildkermena virsmas siltumatdeves koeficients, W*m™2*°C';
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T,, — argaisa temperatilra, C

T fgalsa temperatiira telpa, 0C

Tk, T, — sildkermenim pienakosa un alzplustosa siltumnesgja temperatiira, °C;
S, — iek3gjas sienas virsmas laukums, m?;

S, — sildkermena virsmas laukums, m2 R

k¢ — sienas siltumparejas koeficients, W*m™2*°C™";

P;— faktiska sildkermena siltuma jauda, W;

Q, — siltuma zudumu pliisma caur sienu un logu, W;

Q. — telpas gaisa akumuléta s11tuma plisma, W;

S; — loga virsmas laukums, m?.

Siltuma zudumi notiek caur arsienu un logu. Siena sastav no skaidbetona,

keramikas caurumoto kiegelu apmuréjuma, iek$€jas kalku apmetuma kartas un
putuplasta plaksném. Loga virsmas laukums 1,8 m?, siltumparejas koeficients
ki =1,1 W*m™* °C".,
Temperatiiras izmainas procesi notiek aperiodiski un tiem atbilstosi posmi
modeli ir inerces posmi, kurus var raksturot ar posma parvades koeficientu un
laika konstanti [4]. Nemot véra telpas gaisa temperatiiras vidgjas vertibas,
nevis tas telpisko sadalfjumu, siltumparvades procesu var aprakstit ar
viendimensijas modeli. Siltumparejas bilances vienadojumu telpas gaisam
parejas procesa laika, kad notiek telpas gaisa silSana, var uzrakstit sekojosi:

AQg =P -0, , 2.7
kur: P, =a S (AT, —AT,)— telpai ar sildkermeni faktiski pievadita

siltuma plisma, W;
S, - sildkermena virsmas laukums, m?;

. dAT A . . _ )
AQg =c,*m, - gaisa akumuléta siltuma plasma, W;

AT, =T, -T,,- starpiba starp telpas gaisa vidgjo un ara gaisa

temperatiiru, 'C;
C, — gaisa Tpatngja siltumietilpiba, J *kg ! F0C
— gaisa masa, kg.
Q. =(k, *S_+k, *S,)* AT, - siltuma plisma caur sienu un logu, W;

AT, =T,-T,, - starpiba starp sildkermena un ara gaisa temperatiiru, oc.

Sienas siltumparejas koeficientu var aprékinat p&c sienas kartu materialu
termodinamiskajiem parametriem un to biezuma:

- 1 - 1 oso (2.8)
T §8, 11025 002 003 0015 1 m¥C
@, &2 a 23 044 047 006 081 87

Ievietojot izteiksmg 2.7 siltuma pliismu izteiksmes, ieglst:
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¢, *m, *dAT,
dt
Matematisku parveidojumu rezultata iegiist:

*
€y "My T a,* s, xaT > (2.10)
@, *S, +k ¥S. 4k *S, di F @, *S +k *S, +k*S,

=a, *S *(AT, = AT,)—(k, *S, +k *S)*AT, (2.9)

*
kur: r = Ce Mg , - laika konstante telpas gaisam, s;
foa*S +k *S kS,
;- 1003,6 * 46,5
£ 14,5%1,4+0,69%34,2 +1,1%1,8
ko= a*S, - AT, , - parvades koeficients, kas
foa*S vk S+ k2SS, AT,

N

=1030s(17 min)

izsaka sakaribu starp telpas gaisa temperatiiras pieaugumu un

sildkermena virsmas temperatiiras picaugumu.

i - 145*%1,4 B

£ 145%1,4+0,69%342+11*18

Pielietojot vienadojumam 2.10. Laplasa transformaciju [5], ko realizé ar

Laplasa integrali pie sakuma nosacfjumiem (AT, = 0, AT, = 0) iegust
operatorvienadojumu:

0,43

(7, *s+1D)* AT, (s) =k, * AT (s), (2.11)
kur: s — Laplasa arguments.
No operatorvienadojuma 2.11 iegiist parvades funkciju:
W)= K 2.12)
€ AT,(s) 7,*s+1
kur: AT(s) — telpas gaisa virstemperatiiras attéls;

AT(s) — sildkermena virsmas virstemperatiiras attels.
Siltuma bilances vienadojums sildkermenim ir uzrakstams sekojosi
(silSanas procesa sakuma T, = T,,):

AQ, =Q, P, (2.13)
kur: AQ=c *m_ * dAT, sildkerment akumuléta siltuma plasma, W;
s s dt
P =a, * S *AT, - sildkermena faktiska atdota siltuma plasma;

Q; — sildkermenim pievaditais siltums, W.
levietojot izteiksm& 2.13 siltuma plismu izteiksmes, matematisku
parveidojumu cela iegiist diferencialvienadojumu:

e x L Ar kv (2.14)
s dt s s S
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c. *m

kur: r =2 % -sildkermena laika konstante, s;
’ aS * S.\'
sk
T, = 450730 = 665s(1 1min)>
T 14,5*%14
k= 1 _ AT, . sildkermena parvades koeficients, Ocxw !,
S aS * SS Q
k, = 1 0,053°C*w!
14,5*1,4
Pielietojot Laplasa transformaciju vienadojumam 2.14, izmantojot Laplasa
integrali, sakuma nosacfjumiem (AT, = 0, ja Qs=0), atrod sekojosu
operatorvienadojumu:
(r,*s+D*AT (s) =k, *Q.(s) (2.15)
No operatorvienadojuma 2.15 iegiist parvades funkciju:
ws=2L ok (2.16)

Q. r,*s+1

Dotaja telpa tiek izmantots terauda plakSnu radiators, kura vid&jais
siltumatdeves koeficients o, = 14,5W*m'2*0C'1 un sildvirsmas laukums S, = 1,4m?,
masa mg = 30 kg.

Parvades koeficients k raksturo sildkermena virsmas vid€jas temperatiiras
izmainu atkariba no sildkermenim pievadita siltuma pliismas ar siltumnesgju
Q.. Pievadita siltuma plisma un faktiski atdota siltuma jauda atSkiras. Pie
nominala sildkermena darba rezima (75/65/20) vidgja ta virsmas temperatiira
T, ir 70 °C, nominala jauda P;= P, = 1000 W, kas dotaja gadijuma kompensé
siltuma zudumus telpai pie argaisa temperatiiras T,, = -20 °C, un tai atbilstosa
siltumnesgja plisma M=0,02374 kg*s™'. Ta ka atbilstoi 3. tabulai ieprieks ir
izteikta sakariba starp siltumnesgja caurpludi M; un sildkermena faktiski atdoto
siltuma jaudu Py telpas gaisam, tad modelr ertak ir izmantot sakaribu starp
sildkermena virstemperattiras AT izmainu atkariba no Py, ko izsaka parvades
koeficients k;:

ko= AL 90 g0
P, 1000

Siltumatdeves izmainas koeficients ki, = AP/AT,, raksturo siltumatdeves
izmainu pie nemainigas caurpliides atkariba no telpas gaisa temperatiiras. Ja
M; =M, un T, = 75 °C, tad ki1 = 22,54 W*°C!. Mainoties My, tas mainas.
Siltumnesgja caurpliidi regulé mainot cirkulacijas stikna razigumu, ko veic
mainot stikpa rotora rotacijas atrumu, izmantojot frekvences parveidotaju.
Parvades koeficients ir:

(2.17)
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M, 002374

k,, =—*

f 50

Izstradatais sist€émas modelis ar siltumnesgja plismas maigu redzams

8. attela. k izmainu sistémas modeli ievérteé ar blokiem “k, funkcija”

un’reizinatajs 2” Siltuma zudumu ietekmi uz T, modelg k&de, ko veido bloki

“Siena”, kas ieverte sienas siltuma parvades inerci un ara gaisa temperatiiras

izmainas model&Sanas bloki” T,, 1...4”. Sienas siltuma inerci raksturo sienas
laika konstante t,:

—473%10 kg /s * Hz (2.18)

*
. IZ_;(C“"' Msi :cxb*mxb+ck*mk+cp*mp+ca*m
z a,«*Sz-i_kf‘*Sz at*Sz—’_kf'*Sz
~ 840*11900+880*6940+126*60+840*612

295
kur: Ycg; mg; — sienas summara siltumietilpiba, J *OC";
cqi - atsevisko sienas slanu Tpatngjas siltumietilpibas, J*kg'*°C™';
my - atsevisko sienas slanu masa, kg.

Individualo biivju elektroapgades sistémas meédz gadities problémas. Ipasi
tas ir noverots atstatus esosas biives ar garam elektropievada Iinijam . Viena no
probléemam ir kadas fazes izkriSana, ka arT stikna elektromotora izolacijas
samazinasanas zem kritiskas vertibas. Suikna darbiba pie $adiem nosacijumiem
var novest pie ta motora atteices. Sados gadijumos ir ieteicams izmantot
elektromotoru aizsardzibas ierices, kas pasargas stiikna motoru [14]. Reizém tas
ir apvienotas ar frekvences parveidotaju.

Stikna baroSanas sprieguma frekvenci maina ar frekvences parveidotaju
(bloks “Frekvences parveidotajs”) ta ieeja padodot signalu no PI regulatora.
Bloks “F.x=50 Hz” ierobezo frekvences vertibu. Kede, kas saista M; un Py,
sastav no blokiem “funkcija”, “1945” un ‘“reizinatajsl”. Telpas gaisa
temperatliras ietekmi uz Py ievérte bloki “Telpas T, kompensacija”,”Nominala
Ty , bet caurpliides ietekmi bloki “37,16”, “reizinatajs2”, “ky, izmainas
funkcija”, “Sum4”. Telpas gaisa temperatiiras izmainas model€ bloks “Telpas
gaiss”. Caurpliides ietekme uz temperatiiras kompensaciju tiek ievértéta bloka
“Productl” un kopgjas atdotas jaudas korekcija tiek veikta summatora. Lai
nodrodinatu nemainigu T,, regulatoram japievada apsteidzosa iedarbe, kas
kompensé argaisa temperatiiras izmainu pirms ta ir iedarbojusies uz telpas
gaisa temperatiiru. Sim nolikam izmanto T, izmainu ietekmes apsteidzes
kedi, kas sastav no sekojoSiem blokiem:” T,, sensors”, “Transfer Fenl” —
bloks, kas ieveérte iedarbes kav&jumu, “Step” — korekcijas bloks, kas uzdod
sakotngjo korekcijas koeficienta vertibu ka,=1, ja T,, nemainas un summators

< - (2.19)

=59738s ~ 1000 min
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8.att. Struktiirshéma temperatiiras regulésanas sistémai ar siltumneséja pliismas mainu
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“Sum5”. ST kéde nosaka ks vertibu, ar kuru tiek reizinats regulatora izejas
signals (bloks “Product”) atbilstosi T,, izmainai. Mérparveidotajs “T, sensors”,
signals nonak summatora ”Sum” un tiek salidzinats ar bloka “T, iestatijums”
iestatito vélamo T, veértibu. Novirzes signals tiek pievadits PI regulatoram, ko
veido bloki, “Slider gain”,”Transfer Fnc” un “Sum1”.

Modelgsanas laika periods tika izvelets 1440 min jeb 1 diennakts. Liknes
9. attgla atspoguloto sistemas darbiba modelgjot iespgjamo argaisa
temperatiiras izmainu. ModeléSanas sakuma telpas gaiss uzsilst no modelt
iestatitas T,y procesa sakuma Iidz regulatora iestatitai neplec1esamaja1
temperatiirai. Notiek neliels temperatiiras parregulgjums par aptuveni 0,4 °C,
kas ir pilnigi pielaujami. Pie turpmakajam ar&jas iedarbes izmainam regulators
veic kvalitativu regul€Sanu un uztur konstantu iestatito telpas gaisa
temperatiiru. Sildkermena siltumatdevi var regulét ari mainot pievadita
siltumnesgja temperattru Ty, pic nemainigas caurpliides. Sakaribu starp Ty un
sildkermena atdoto siltuma jaudu P; pie dazadam telpas gaisa temperatiiram
apraksta empiriskas sakaribas 5. tabula, kas ieglitas izmantojot sakaribu 2.4.

5.tabula
Sakaribas starp pienakosa siltumneséja temperatiiru un sildkermena
jaudu pie dotas telpas gaisa temperatiiras (M;= M,)

T,, °C M, kg*s™ P, W

20 0.02374 Pr=21,2 T — 597
18 0.02374 P;=21,3 T\ — 563
16 0.02374 P;=20,7 T\, — 480
14 0.02374 P;=21,8 T — 505
10 0.02374 Pe=22,2 T\ — 443

0.02374 Py=22,5 Ty — 374
2 0.02374 Py=23,4 T, 338

Koeficients ki, raksturo Py izmainu mainot Ty un ir izsakams, aprekmot P
pie dazadam T vertibam, ja Ty = Ty = 20 °c (kio = 21,5 W*OC ). Funkcija,
kas raksturo ki, izmainu, graﬁskl att€lota 10. attéla. Funkcuas ki = f(Tg)
linearizacijas rezultatu analize parada, ka dlapazona T, = 20...2 °C sis
koeficients mainds no 21,5 lidz 23,2 W*°C"' (0,06 woc ), ko ieverte
koriggtais koeficients:

ki = koo +0,06% (T —T,) = 21,5+0,06%(20~T, ), (2.20)

1g2
Pievadama siltumnes€ja temperatiru maina ar izpildmehanismu
iedarbojoties uz &etrcelu varstu, kur§ sajauc no siltuma generatora maza loka
pienakoSo karsto siltumnesgju ar atdzisuSo atpakalgaitas iideni no
sildkermeniem.

22



500 1000 1500 i Ao 1000 1500

4.osc. Faktiska Tg, 0C

500 1000 1500 - 0 1000 1500 0 1500

Time offset: 0

9.att. Sisteémas darbiba mainoties argaisa temperatiirai diennakts laika robezas T,; = 0...-20 ’C
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Vadibas signals nosaka varsta sajaukSanas attiectbu My/M, = 0...1, (M,
un M, — attiecigi no siltuma generatora nako$a un sildkermeni atdzisusa
siltumnesgja pliisma).

y=-01057x+23367  R?=0850
24

N

21 T T T T
0 5 10 15 20

kg, WH0C ™

[ =]
L

Telpas gaisa temperatiira Tg ic

10. att. Koeficienta kg, izmaina atkariba no telpas gaisa temperatuiras

Modela algoritmiska struktiirshéma telpas gaisa temperattiras reguléSanai,
mainot pievadita siltumnes€ja temperatiiru pie konstantas siltumnesgja
caurplides M, = 0,02374 kg*s’l, paradita 11. attéla, bet modelésanas liknes
12.attela. Temperatiru T, nosaka sildkermena atdota siltuma jauda, tapéc
modeli jaizveido kéde, kas to ieverte. Atbilstosi sakaribai 2.1. T, ir atkariga no
P¢ Ty, M, un cyp0. Modeli So sakaribu apraksta bloki “Prx 1/c M,”, “1/cx1/M,”
un “Sum7”. Regulgjosa varsta ar izpildmehanismu pilna cikla laiks starp
gal&jiem stavokliem ir 2 miniites.

Izpildmehanisms sastav no elektromotora ar reduktoru un cetrcelu
varsta, kas attiecigds proporcijas sajauc karsto siltumnesgju no siltuma
generatora ar sildkermeni atdzisu$o. Pastiprinatajs “Gainl” signalu no PI
regulatora pastiprina Iidz elektromotora baroSanas spriegumam. Jo lielaka
novirze, jo lielaks biis izpildmehanisma nostrades atrums un atrak pieaugs Ty.
Izpildmehanisms ir integréjoss posms, kuru apraksta parvades funkcija:

W (s) = Ko (2.21)
N
kur: k., — atruma koeficients, rad*min ' *V-!,
=2 08 6 033rad * min*p s (2.22)
U, 24
kur: Uy, — baroSanas spriegums, V;
o - izpildmehanisma varpstas rotacijas atrums, rad*min’.
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12.att. Sistemas darbiba mainoties argaisa temperatiirai diennakts laika robezas
Ty =0..-20 °C

1500




Izpildmehanisma parvades funkciju ievérteé bloks “TransferFcn3”.
Izpildmehanismu aptver negativa stabiliz€joSa atgriezeniska saite “Gain2”.
Varsta darbibu atbilsto$i sakaribai modelé bloki “Jaucejs”, “Sum6”,
“Product3” un “Product4”. No siltuma generatora pienakosa tdens daudzumu
nosaka bloki “Sum6”, “1”, “Product4”. No sildkermena izplisto$a piejaucama
siltumnes€ja dalu nosaka bloks “Product3”. Ta, ka sildkermena siltumatdevi
ietekm€ telpas gaisa temperatiira, tad modelt ir kompensacijas kéde, kuru
veido bloki “Nominala T,”, “Telpas T, kompensacija”, “Korekcija 0,067,
“Product2”, “Sum5”, “Koeficients21,5”, “Product”. Sildkermena atdoto
siltuma jaudu pie pievadita siltumnes&ja temperatiiras Ty, ja T, = 20 ’c,
modelé bloki “-597”, “Product1”, “Reizinatajs21,2”.

12. attela dotie grafiki atspogulo sist€mas ar siltumnesgju plismu sajaukSanu
darbibu diennakts perioda, modelgjot iesp&jamo argaisa temperatiiras izmainu.
T, parreguléjums neparsniedz 0,5 °C un ir pieJaujams. Turpmakaja procesa
norises gaita tick nodroSinata kvalitativa regulé$ana, uzturot iestatito telpas
gaisa temperatiiru.

Be osc Agoss g oC_ IMEIED B ovc Toees soma, 2 IMIGIED

21

1000 1000

Time offset: 10

b)
13. attels. Sistemas parejas procesa raksturliknes:
a) bez apsteidzes kédes; b) ar apsteidzes kedi.
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Modela darbibu ar un bez T,, iedarbes apsteidzes k&des raksturo ltknes 13.
att€la. Sistémai tiek pievadita lecienveida argja iedarbe (T,, mainas no 0 Iidz —
20 °C). Sistémai bez argaisa temperatiiras izmainu ietekmes apsteidzes kédes,
telpas gaisa temperatiira samazinds zem iestatitds un siltuma zudumu
kompensacija notiek ar kav&umu. Izmantojot apsteidzes k&di T, tiek uzturéta
tuvu iestatitajai, jo siltuma zudumu kompensacija notick sekojot argaisa
temperatiiras izmainas ietekmei uz T,. Sisteémai procesa sakuma notiek neliels
parregul&jums par aptuveni 0,3 °C, kas ir pilnigi pielaujams.

3. Apsildes sistemu ar grida iebiivetiem elektriskajiem
sildkabeliem analize un darbibas modelé$ana

Lai analizétu silSanas procesus un darba reZimu reguléSanu gridam ar
iebiivetiem elektriskajiem sildkabeliem, tika izveidots gridas termodinamiskais
modelis dotai telpai (14.att.). Sistémai ir nepiecieSams regulators, lai sildkabela
atdoto siltuma jaudu saskanotu ar argjo apstaklu iedarbi uz telpas
mikroklimatu. Izmantojot PI regulatoru var nodroSinot pietickoSi atru
temperatiiras pieaugumu sist€mai ar palielinatas jaudas sildkabeli. V&l atraku
iestatitas temperatiiras sasniegSanu, nepielaujot parliecigi lielu temperattiras
parreguléjumu, var panakt, izmantojot PID regulatoru, kur§ nodroSina
apsteidzoSo iedarbi. Lai optimiz&tu sprieguma regulatora darbibu, tika
izveidots sistémas modelis.

Gridas silSanas process ir aprakstaims ar siltuma pliismas
diferencialvienadojumu [7].

ﬂ’i:*Ssg*(Ti_ng)dt (31)

a@—?dt =q,*V*di—a,*S *(T,, -T,)*dt+
kur: Q — gridas akumulgtais siltuma daudzums, J;
V — gridas panela tilpums, m’;
Qsa — avota siltuma pliismas intensitate, W*m™;
T, — telpas gaisa vidgja temperatiira, oC;
Sy Ss - gridas vidusskéluma un virsmas laukums, m%;
o - gridas augsejas virsmas siltumatdeves koeficients, W*m2*°C";
A, — siltumvaditspgjas koeficients siltumizolacijas slanim, Wrm2C !
Ty , Ti — gridas virsmas un siltumizolacijas slana apaksgjas virsmas
temperatira, OC;
8, — izolacijas slana biezums, m.

iz
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14.attels. Telpas ar apsildamo gridu siltuma pliasmas parvades shema
Qg — siltuma pliisma no apsildamas gridas, W;
Pg — sildkabela izdalita siltuma jauda, W;
T, Ssg, - gridas virsmas temperatiira, °C un laukums, m%;
o) — gridas virsmas siltumatdeves koeficients, WHEm2#0C !,
T, , T, — telpas gaisa un argaisa temperatiira, oc;
S,1 — virsmas laukums, caur kuru notiek siltuma zudumi no telpas uz ara gaisu, m%;
oir, o — arsienas ieksgjas un argjas virsmas siltumatdeves koeficienti, WHm20C,

Tika veikti eksperimentali pétijumi dzivojamas majas telpa
(sanitarmezgls) ar grida iebiivétu sildkabeli. SilSanas laika mé&rjjumu vid€jos
rezultatus pie sildkabela baroSanas sprieguma 230V, blakus eso$o telpu gaisa
temperatiiras + 15° C un dra gaisa temperatiiras, kas eksperimentu gaita
mainijas diapazona 0 +1° C, atspogulo likne 15.attela. Pétijumu gaita
sildkabelim tika mainits pievaditais spriegums, ka rezultata mainijas ta atdota
jauda. Tika meérita arT gridas virsmas un telpas gaisa vidgja temperatiira un
fiks€ta to izmaina silSanas laika, ka arT noteikta maksimala temperatira, kura
tieck sasniegta pie attieciga sprieguma (16. att.). Siltumatdeves koeficients
horizontalai gridas virsmai o, ir izsakams p&c empiriskas sakaribas [9]:

a,, =310%AT" +222AT " =9,9W /m* xC), (3.2)
kur: AT =T T, =4 - vidgja temperatiiru starpiba starp gridas virsmu un

telpas gaisu, °C.
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15. att. Gridas virsmas silSanas eksperimentala raksturlikne.
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16. att. Gridas silSanas eksperimentalas raksturliknes

Telpas konstruktivie parametri ir sekojoSi: gridas virsmas laukums S, = 3
m’, telpas augstums h = 2,8 m, arsienas virsmas laukums S,; = 5,6 m’. Sienas
slanu uzbiive un biezums analogs 7. attela dotajai.

Veicot eksperimentalo datu regresijas analizi, ieglitas aproksimé&tas
matematiskas funkcijas, kas raksturo sakaribas starp sildpanela baroSanas
spriegumu U, sildkabela jaudu P, stacionarajam gridas virsmas T, un telpas
gaisa T, temperattram:

P, =0,0006*U>*7 (3.3)
T,, =01732%U*", (3.4)
T, = 0,8571*U "% 3.5
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Sakaribas 3.3... 3.5 ir nelinearas, bet, veicot to linearizaciju spriegumu
diapazona 150..230 V, kluda neparsniedz 5% tadel sisttmas modell var
izmantot linearizétas funkcijas [10].

Kopgjais sistémas parvades koeficients péc eksperimenta datiem ir:
ky =k, *k,, *k,; =2%0,053%0,48=0,051("C/V), (3.6)
kur: , _ AP —sildkabela jaudas parvades koeficients, wHv
s1 AU

k= AT, —gridas virsmas temperatiiras parvades koeficients, "C*W™';
P= APs
_ AT,

P AT

sg

AP, AT, un AT, — atbilstosi silkabela jaudas, gridas virsmas un telpas gaisa
temperatiiras izmaina, mainot spriegumu diapazona U = 150...230 V.
Silsanas laika konstanti gridai aprékina:

Lo Cetmy 311738
g, xStk *S,  133%3+15%3

s

— telpas gaisa temperatiiras parvades koeficients.

=7021s(117 min) 3-7)

kur: Cse — gridas siltumietilpiba, J *kg*0C;
m,, — gridas masa, kg;
_ A 0045 o - gridas siltumizolacijas slana siltumparejas

s, 003
koeficients, W*m™2*’C"!,
Silsanas laika konstanti sienai aprékina:
ey tmy) 6754512
T, xS k¥, 23%5,6+0,69%5,6
Sil§anas laika konstanti gaisam aprékina:

c,*m *
r, = £ £ __ 1003678 _ 240s(4min)  (3.9)
a,, *S,, +hk, xS, 99%3+0,69%56

s

T =509145(850min) (3-8)

Siltumpareju caur telpas sienu modelé bloks “Arsienal” (17. att.). Siltuma
zudumus caur telpas arsienu var aprékinat péc formulas 3.10.
P.=(T,-T,)*k,*S. =(T,-T,)*0,69%42=(T,-T,)*2,9 (3.10)

Summators “Sum5” aprékina starpibu T, — T,,, reizinataju 2,9 ieverts
bloks “2,9”. Atbilstosi eksperimentalajiem mérfjumiem, kad iestajas sisteémas
stacionars stavoklis T,, = 0 oC, T,=19 °C, U=1230 VunP,=250 W, pastav
lidzsvars starp siltuma plismam. Tatad min&tas parametru vertibas var pienemt
par sakuma nosacijumiem argaisa temperatiiras ictekmei. Siltuma pliisma caur
telpas arsienu pie mingtajiem nosacijumiem P, = 55 W. T,, ietekmes relativa
nulles punkta iestatiSanai kalpo bloks “Kompensac” ar iestatitu vertibu 55.
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17. att. Apsildamas gridas temperatiiras reguléSanas sistémas algoritmiska struktiirshéema
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18.att. Gridas apsildes regulésanas sistémas darbiba pie mainigas argaisa temperatiiras diennakts perioda
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Regulésanas sisttma satur sprieguma regulatoru un ta vadibas bloku
(17.att), ko veido PID regulators (bloki “P”, “I”, “D”) ar mainamu
pastiprinajuma koeficientu (bloks “Gain”). Telpas gaisa temperatiiras
iestatiSanai kalpo bloks “T, iestatisana”. Gridu ar sildkabeli modele bloks
“Grida”. To kopigo siltuma parvades inerci raksturo laika konstante 1, , kas
aprékinata péc sakaribas 3.7. Sildkabela jaudas izmainu sildkabelim ar
nominalo jaudu Py = 250 W atkariba no pievadita sprieguma raksturo parvades
koeficients ky; = 2 W*V'!. Gridas virsmas temperatiiras izmainu raksturo
parvades koeficients ky, = 0,053°C*W™" (bloks “Gain2”). Siltuma parejas
procesu no gridas virsmas uz telpas gaisu modeli imit€ bloks “Gaiss”.
Modelésana tiek veikta spriegumu diapazona U = 150...230 V. Ar bloku
“Sakuma spriegums”, tiek uzdota sakotngja sprieguma vértiba U = 150V. Ar
bloku “Sakuma T,” iestata telpas gaisa sakuma temperatiiru T,. ModeleSana
tika veikta pie konstantas un mainigas argaisa temperatiiras T,,. Sim noliikam
tika izmantoti signalu generatori T ... Toes. Sistémas darbiba pie mainigas ara
gaisa temperatiiras diennakts cikla tiek modeléta imit&jot iesp&jamo argaisa
temperatiiras mainu ar sinusoidu, kuras periods ir 1440 min (18.att.).

Sildkabela nominala jauda P; = 500 W. Ir redzams, ka norobezojoso
celtniecibas konstrukciju siltuma parvades inerces d€] argjai iedarbe ir bitisks
kavgjums. ReguléSanas sisttma spg izsekot iedarbei un var nodroSinat
konstantu iestatito telpas gaisa temperatiru visa diennakts laika.
Parregulgjums, kur§ ir pilniba pielaujams, rodas tikai gridas sakotngjas
uzsilSanas procesa laika, kad PID regulators dod lielu apsteidzoSo iedarbi.

4. Biomasu komposteSanas siltuma izmantoSana apsildei

Ceturtaja nodala pétitas iesp€jas telpu apsildei izmantot biomasu degradacijas
procesos iegiito siltumu. Biomasu komposteSanas procesa baktériju darbibas
rezultata notieck biomasas degradacija un vienkar$ako savienojumu
oksidésanas. Procesa gaita izdalas noteikts daudzums siltuma. Ja biomasa ir
pietiekosa daudzuma un masa veidojas regulari, tad var izveidot sistému, kura
$o siltumu izmanto silta Gidens ieguvei vai telpu apsildei. Siltuma utilizacijai
nepiecieSams siltumizolts konteiners (19.att.), lai siltums caur sienam
neaizpliistu apkartgja vide. Lai nelautu aizpliist siltumam ar izdalitajam gazem,
gdzu izeja uzstada siltumapmainitaju. Sads konteiners tika izmantots talak
aprakstitajos pétijumos. Siltumenergijas bilanci var aprakstit ar sekojosu
vienadojumu:

P,~0,-0,-0. =0, 4.1
kur, Py —kompostéSanas procesa izdalita siltuma energijas plisma, kW;

0, — siltumenergijas pliisma ievadita gaisa uzsildisanai, kW;
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O - siltumenergijas plisma Gdens iztvaicé$anai , kW;
Q. —siltuma zudumu pliisma caur konteinera sienam, kW.
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19.att. Biomasu komposté$anas konteinera uzbiive
1 — konteiners, 2 — komposts, 3 — siltumizolacijas slanis , 4 — aizvars,
5 — ventilators.

Kompostesanas procesa izdalita siltuma plisma kW ir izsakama ar sekojoSu
sakaribu [11]:

])k :kv*kdm *ac*l/c*qm’ (42)
kur, ko= V. — kompost&jamas masas tilpuma (V,,) attieciba pret kopgjo

Ty

konteinera ieksg€jo tilpumu (V,);

d. —komposta blivums, kg*m™;

k4m — sausas masas attieciba pret kopgjo,

qen — kompostesanas procesa izdalita Tpatn&ja siltuma plisma uz 1 kg

sausas masas, kW*kg'l;
Siltuma daudzums, lai uzsilditu iepliistoSo gaisu no ara gaisa temperatiiras T
lidz temperatiirai konteinera ickSpusé T, un Gidens iztvaicéSanai pie konstanta
spiediena var tikt noteikts péc sekojosas sakaribas :
Qa = Qai + Qvi + Qvo = Vai * P * l(cpa + X, * Cpy XTz - T;)"’ 2491* (‘xvo X )J’ (43)

kur: Q.i, Qyi — siltuma daudzums sausa gaisa uzsildisanai, kJ;

Qyo—siltuma daudzums tidens iztvaiceSanai pie konstanta spiediena, kJ

V. —iepliistosa gaisa daudzums, m3*s!

Pa —gaisa blivums, kg*m‘3;

Xyi, Xyo — Udens tvaiku saturs izplustoSaja un iepliistosaja gaisa;

Cpas Cpv — attiecigi sausa gaisa un fidens tvaiku Ipatngja siltumietilpiba,

Coar= 1,00, kJ*kg ' *°C" ¢,,,= 1,97 kJ*kg '*°C"".
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Ja komposte$anas process norisinas kubiskas formas konteinera ar malas
izmeru a = 1 m, komposta blivums ir 0,65- 10 3 kg*m’3, k, =1, sausnai q., =
0,013 kW*kg™, tad iegiita maksimala siltuma jauda ir aptuveni 3,9 kW [12].
Ta ir pietickama aptuveni 80...130 m® telpas apsildei, ja pienem, ka apsildei
nepiecie$amais Ipatngjais siltuma daudzums ir 30...50 W*m™. Lai noskaidrotu,
kada realo siltuma bilanci veicot kompostéSanu konteinera, ka ari
sasniedzamas temperatiiras un to sadaljjumu laika un aizvadita siltuma
daudzums ietekmé kompostesanas procesu, tika veikti eksperimentali petjjumi.
Eksperimentos tika iegiitas temperatiiras izmainas raksturliknes procesa laika
(20. att.). Konteinera iekSpusé sasniegtas temperatiiras ir pietickamas
sildpaneli izmantojama apsildes Udens sildiSanai, jo parasti siltumnesgja
temperatiira apsildamaja grida ir robezas 30...40 °C.

7
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Laiks. h
20. att. Konteinera iek§€ja un aréja gaisa temperatiiru starpiba
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Lai izpétitu, cik lielu siltuma daudzumu ir iespgjams parnest uz sildpaneli,
nekait€jot bakteriju darbibai temperatiiras krituma del, tika veikti talaki
pétijumi. P&tijumu iekartas shéma attélota 21. att€la. Kompostesanas
konteinera izeja tika ievietots siltummainis, kura primaro pusi apskaloja
konteinera iekSpuse atrodosas gazes, bet sekundaraja konttira cirkul&ja tidens,
kas ar stikna palidzibu tika pievadits sildpanelim. Tika merita sekundaras puses
aizejosa un atpakal atgriezta siltumnesgja (idens) temperatiira, ka ar temperatiira
konteinera iekSpusé dazadas vietds un siltummainim pievadito gazu
temperatiira. Gazu pievade notika ar ventilatora palidzibu.Tika noteikts ari
tidens plismas daudzums. Ka kompostéSanas materials tika izmantots
maisijums, kas sastav&ja no 85% siena un 15% zales. So pétijumu rezultata
tika secinats, ka noteiktu siltuma daudzumu iesp&jams izmantot apsildes
vajadzibam sildpaneli ka papildus siltuma avotu. Lai salagotu apsildes
pamatavotu ar konteinera siltumaizvades sistému, jaizmanto regulators, kas
automatiski regulétu siltumnesgja plusmu. Ja tiek veikta nepartraukta siltuma
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21.att. Kompostésanas konteiners ar siltummaini

1 — siltummainis; 6 — termometri;

2 — kompost&jama masa; 7 — cirkulacijas siiknis;
3 — gaisa pliismas méritajs’ 8 — ventilators;

4 — gaisa padeves ventilators; 9 — ventili;

5 — varsts; 10 — sildpanelis.

aizvade,temperatira konteinera sak kristies un kompost€Sanas process
paléninas vai pat pilnigi apstajas. Tade| tika veikti eksperimenti aizvadot
siltumu periodiski. Optimalais ventilatora darbibas laika sadalfjums
darbs/pauze ir 0,02, jo tad siltuma razigums ir visaugstakais.

5. Procesu eksperimentalajos pétijjumos izmantotas
mérisanas un datu apstrades iekartas

Procesu parametru mérfjumu uzkrasanai tika izmantota ierice ALMEMO 8990-8
ar mikroprocesora vadibu. Pateicoties iebiivétajam NiCd akumulatoram, ierice
var autonomi stradat 150 h paziidot spriegumam barosSanas tikla, kas ir loti
svarigi veicot kompostgSanas procesa pétijumus, jo tie norisinas nepartraukti
vairakas dienas. Datu apstradei un ierices vadibai tika izmantota
datorprogramma AMR-Data-control 4.1. Ar So programmu tika veikta arl
ierices ALMEMO 8990-8 programméSana un vadiba. Izmantotas ierices un
programma lauj arT veikt cikliskus merjjumus, ieprogramméjot noteiktus laika
intervalus, veicot vidgjo vertibu aprékinus noteiktos laika intervalos, datu
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saglabasanu. Temperatiiras mérisanai tika izmantoti NiCr-Ni(K) termopari. Tie
ir standarta mérparveidotaji, kas paredzéti darbam ar ALMEMO 8990-8 ,
pievienojot tos ar standarta spraudniem Thermo ZA 9020-FS.

Galvenie termoparu raksturlielumi:

e merisanas diapazons -200...+1370 °C;

e jutiba 0,1°C.

Iericei ir iebuivéta auksto termopara galu termokompensacijas sistéma, tadel
merfjumu rezultatus neiespaido telpas temperatiira.

Svarigs parametrs ir meérparveidotaju siltuma inerce. Lai noteiktu tas ietekmi,
tika veikti eksperimenti izmainot temperatiiru laboratorijas krasnina par 2 °C
un registréjot, cik ilgad laikd nostabiliz€jas mérfjumi. Ierices merfjumi
nostabiliz€jas péc 4...6 miniitém, kas pienemami, lai objektivi méritu
temperatiiras izmainas vidgs ar lielu sil$anas inerci.

6. Biuvju apsildes inZeniersistemu izvéles ekonomiskais
pamatojums

Ieviesot apsildes reguléSanas sistémas, kuru modeli ir izstradati un
analiz&ti $aja darba, var samazinat siltuma paterinu, kas tiek pievadits
atseviSkai telpai vai blivei kopuma apsildes vajadzibam. Izmaksas sistemu
ievieSanai ieklaujas kopgjas inZeniersisttmu un bives dzives cikla izmaksas
[9]. No vienas puses reguléanas sistému ievieSana dod energijas ietaupijumu,
no otras puses ta prasa papildus ieguldijumus.

Telpas gaisa temperatiiras automatiskas reguléSanas sist€mas ievieSanas
efektivitati ietekmé siltuma zudumi. Apsildes sist€émas elementu parametri,
tiek aprékinati ta, lai ta sp€u nodroSinat vélamo komforta ITmeni pie
vislielakajiem iesp&jamiem siltuma zudumiem. Aprékinu veic pie viszemakas
vidgjas 5 diennaksu temperatiiras apsildes sezonas laika (Jelgava ta ir — 20 °C),
bet apsildes sezonas vidgja temperatiira ir — 0,3 °C. No ta izriet nepiecie$amiba
sistémas parametrus parregulét atbilsto§i ara gaisa temperatiiras izmainai.
Pastavot tikai manualas regul€Sanas iespg&jai, ne vienmer operators spgj izsekot
temperatiiras izmainam un pareizi iestatit parametrus. Tade] lietderigak ir
izmantot automatiskas reguléSanas ierices, kas darbojas bez cilvéka
nepartrauktas klatbiitnes. Regulatora izmantosanas ekonomiska efektivitate ir
atkariga no sienas siltumizol&josam ipasSibam.

Siltuma zudumus W var aprékinat péc sakaribas:

Q. =T, ~T,)*k,*S. (6.1)

kur: k¢ — siltumparejas koeficients, W*m*°C",
Ja siltumatdeve netiek reguléta, tad rodas papildus siltuma zudumi, kas
atSkiras no regulgjama varianta. [zmantojot 2. nodala izstradato regul€Sanas
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sistémas modeli (8. att.), var model&t telpas gaisa temperatiiru pie dazadiem
nosactjumiem (pieméram, dazadiem k,). Modelt sienas termiska pretestiba un
materialu siltuma inerces Ipasibas tiek ievértetas mainot koeficientu k, ka art
laika konstantes t, un 1, T, v@rtibu nosaka sienas termiska pretestiba.
Izmantojot neregulgjamu sist€ému, ir paaugstinata telpas gaisa temperatiira pie
argaisa temperatiiras, kas ir augstaka par — 20°C. P&c sakaribas 6.1 tika
aprékinata siltuma plisma pie T,=-0,3 °C un Tae=-20 °C un dazadiem
siltumizolacijas slana biezumiem. Telpas temperatiiras tika iegiitas veicot
modelésanu. Kopgjais siltuma patérins @, sezonas laika dotajai telpai mainas
atkariba no sienas siltumizolacijas slana biezuma (22.att.). Ir redzams, ka pie
reguléjamas apsildes sist€émas siltuma paterins bitiski samazinas. Turklat, ja
Tag = - 20°C, tad pie izolacijas slana biezuma 0,03 m regul&sanas sistémai nav
ietekmes uz ekonomiju, jo sildkermena jauda ir izveleta pie Sadiem
nosacijumiem.

Siltuma pat€rinu sezona izmantojot regulg§jamu un neregul&jamu sistému
var noteikt pie vidgjas T,, sezonas laika. Siltuma ieguvei izmantoto Iidzeklu
ietaupTjums sezona 2. nodala apskatitajai telpai, ja vidgja T,, = -0,3 oC,
izmantojot dazadus siltuma avotus paradits 6. tabula. Lidzeklu ietaupijumu, ja
siltumu iegiist no dazadiem kurinamiem, att€lo Iiknes 23. attéla. Tpasi efektiva
ir regulatora izmanto$ana, ja siltumenergijas izmaksas ir lielas (pieméram,
izmantojot elektroenergiju vai saskidrinato propana-butana gazi).

6. tabula
Lidzeklu ietaupijums telpai apsildes sezona, izmantojot regulésanas
sistému pie dazada siltumizolacijas biezuma J;,.

Siltumenergijas Ietaupijums sezona N;, Ls
Siltuma avots izmaksas, 5., m
Ls*MWh!
0.03 0.05 0.10 0.15 0.20
Kiudras briketes
5.1 6.85 6.42 5.36 4.47 3.81
Akmenogles 6.8 9.13 8.57 7.14 5.96 5.08
Malka 9.5 1276 | 11.97 | 9.98 8.33 7.10
Dabasgaze 10.9 1464 | 13.73 | 1145 | 9.56 8.14
Easl"' propana- 252 3384 | 3174 | 2648 | 22.10 | 18.83
utana gaze
Siltumsuknis 13.4 18.00 16.88 14.08 11.75 10.01
Skaidu briketes
13.9 18.67 | 17.51 | 14.60 | 12.19 | 1039
Dizeldegvicla 43.1 57.88 | 5429 | 4528 | 37.80 | 32.20
Elektro
energija 45 60.44 | 56.69 | 47.28 | 39.46 | 33.62
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SECINAJUMI

Apkopojot datus un veicot to analizi, aprékinats, ka, izv€loties biives
vai atseviskas telpas apsildes avotu péc ekonomiskajiem krit€rijiem,
vismazakas iegiita siltuma izmaksas ir izmantojot kiudras briketes,
(5,1 Ls*MWh™), akmenogles (6,8 Ls*MWh™) vai malku (9,5 Ls*MWh™),
lielakas izmaksas ir izmantojot elektroenergiju (45 Ls*MWh') un
dizeldegvielu (43 Ls*MWh™)

Vadoties péc ekologiskajiem krit€rijiem piemérotakie siltuma avoti ir
dabasgaze, kurai sadegot rodas neliels daudzums NOy izmesu (vidgji
40 mg*MJ’l), nerodas SO, un cietie izmesi, ka arT koksnes kurinamie
(NO, — 35 mg*MJ’l, SO, ~ 0), apskatot lokali, ar elektroenergija, videi
nelabvéligas ir ogles (NO, — 200...250 mg*MJ™", SO,— 50...100 mg*MJ™).

Komforta kritérijiem vislabak atbilst elektroenergija un dabasgaze un
Skidrais kurinamais, kuri lauj pilniba automatiz&t kurinama padeves un
siltuma razoSanas procesu.

Nemot véra tehniski — ekonomiskos, fiziologiskos, ekologiskos un
subjektivos kritérijus, piem&rotakais siltuma avots individualo biivju
apsildei ir dabas gaze, kas atbilst vairumam $o kriteriju.

Apsildes sistéemu darbibas reguléSanai ieteicams izmantot kaskades
vadibas sist€mas, kompleksi ievertgjot sistemas darbibu ietekmejosos
faktorus: argaisa temperatiiru, tas izmainas atrumu, telpas gaisa
temperatiiru un celtniecibas konstrukciju siltumtehniskos parametrus.

Bivju norobezojo$am konstrukcijam piemit liela siltumparvades
inerce, ka rezultata tam ir liela laika konstante un argjo perturbaciju
ietekme norisinas ar lieliem laika kav&jumiem. Tas rada nepiecieSamibu
reguléSanas sist€émas izejas iedarbei norisinaties ar pietiekoSu laika
kavéjumu. Taja pasa laika pastavot reguléjama lieluma - telpas gaisa
temperatiiras kltdai, ir vélama apsteidzo$a regul&josa iedarbe.

Iekstelpu gaisa temperatiiras kvalitativu reguléSanu neatkarigi no
argjo faktoru iedarbes var nodroSinat ar PI regulatoriem, izmantojot
apsildes sistémas ar sildkermeniem, vai PID regulatoriem izmantojot
apsildamas gridas.

Ja sildkermena jauda izvEleta atbilstosi aprekinatajiem siltuma
zudumiem un tiek nodroSinata nepiecieSama siltumnes€ja temperatiira,
izstradata reguléSanas sisttma nodroSina iestatitas telpas gaisa
temperatiiras uzturéSanu ar precizitati +0,5 °C neatkarigi no argaisa
temperatiiras perturbacijam.

Lai panaktu atraku nepiecieSamas temperatiiras sasniegSanu, gridas
apsildei ir lietderigi izmantot sildkabeli, kura nominala jauda ir lielaka
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neka nepiecieSams, lai kompensétu telpas siltuma zudumus. Izmantojot
sildkabeli ar divas reizes palielinatu jaudu, uzsilSanas laiks samazinas
Setras reizes, parregul&jumam neparsniedzot 0,2 °C, ja izmantots PID
regulators.

Izmantojot  palielinatas jaudas sildkabeli parasti izmantota
proporcionala (P) regulatora vieta, ieteicams izmantot proporcionali —
integralo- diferencialo (PID) regulatoru, kas ievérte laika konstantes un
uzlabo regulésanas kvalitati, paatrina sakotngjo uzsilSanu, ka arT novers
periodisku silSanu-atdziSanu.

Izmantojot kompost&$anas konteineru ar tilpumu 1 m’, maksimala
siltuma plisma kompost&jot siena un svaigas zales maisfjumu, ir
3,9 kW, kas ir pietickami 80-130 m® telpas apsildei

Biomasu kompost&$anas procesa sasniedzama temperatira 46 °C, kas
ir pietickama, lai siltumu izmantotu telpu apsildé ar apsildamajam
gridam, pievadot to ar siltumnesgja starpniecibu sildpanelim.

Kompostesanas procesa izdalita siltuma sadalijjums laika nav
vienmerigs, maksimalo siltuma jaudu iegiist péc 55 h no procesa
sakuma, tade] tas var but tikai papildus siltuma avots pamatapsildei.

Apsildes regulésanas sistémas izmantoSanas efektivitati nosaka biives
norobezojoso celtniecibas konstrukciju siltumizol&josas T1pasibas.
Vislielako efektivitati reguléSanas sistéma nodro§ina pie mazam
norobezojoso konstrukciju siltumparejas pretestibam un izmantojot
silluma avotus ar lielam ieghta siltuma izmaksam. Izmantojot
elektroenergiju, ictaupijums apsildei ar reguléSanas sistemu attiecinot
uz apsildamas telpas platibu ir 0,567 Ls*m™ ménesi, ja putuplasta
siltumizolacijas biezums ir 0,03 m un 0,315 Ls*m? ja 0,2 m.
Izmantojot malku, attiecigi 0,12 Ls*m™ un 0,048 Ls*m™.
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GENERAL DESCRIPTION
Topicality of work

The intensive construction of individual buildings is going on in Latvia
countryside and towns. The building of apartment houses starts to
recommence. It is necessary to create up-to-date heating systems in new
houses. Also in former time built heating systems have become out of date.
Up-to-date heating systems has to provide together the necessary comfort in
the premises and reduced consumption of primary energy sources. It is
possible by using of up-to-date sustainable parts of the system and automatic
control with balanced elements of heating and control systems. Considering
rise in price of fuels in Latvia and all over the world, the expenses for heating
of premises are growing up. By providing of less consumption of fuel and
more complete combustion the expenses and environment pollution reduces.
Due to that, the necessary level of comfort in premises is provided with less
pollutants related to fuel and absolute consumption of that. Such development
trend conforms to the Kioto protocol. The solutions of autonomous heating for
individual buildings using traditional and less common heating systems and
renewable energy sources are analyzed. Great attention is paid to automatic
control and modelling of heating systems.

The aim, trend and tasks of research.

The main aim of the dissertation is to work out a model wherewith it will be
possible to perform the analysing of heated object thermodynamic processes
and operation of the control system to determine the criteria of rational mode
of system operation and also to work out a control system, which provides the
implementation of the chosen criteria. The tasks of the work are:

- to investigate the properties of heat sources, the suitability of them to
autonomous heat supply of living houses, considering engineering-
technical, energetical, ecological and physiological factors;

- to investigate and improve the working stability of control systems for
individual heating using the methods of modelling of heat transfer
processes in the circumstances of determined and stochastic perturbations;

- to motivate energetical, ecological and economical grounded solutions
of autonomous individual heating systems for individual living houses.

The research methods and scientific novelty

The investigations in confirmation with the proposed purposes and tasks was
worked out by the methods of mathematic and and computer modelling, as
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well as physical-experimental data aquisition methods. In the base of
investigations there is development of a heating system and control model,
wherewith by modelling of the system operation, the tasks mentioned above
were performed. The developed model allows to optimise operation of the
heating system, on the ground of the results of object thermodynamic analyses.
The measuring and computer equipment of the Institute of Agricultural
Energetics, specially constructed equipment an premises of living house are
used for investigation. There are used the following computer programs: MS
Excel, Matlab 5.2 Simulink, AMR Data Control 4.1, data aquisition equipment
ALMEMO 8990-8.

The scientific novelty of this dissertation is::

- the imitation model of water heating system control and heated object
heat transfering, by using computer program Matlab subprogram
Simulink, that allows to investigate and improve the working stability
and quality of control systems for individual heating systems, as well as
modelling processes of heat transfer of buildings in the circumstances of
determined and stochastic perturbations is worked out;

- the imitation model of electric cable heated floor control, by using
computer program Matlab subprogram Simulink, that allows to
investigate and improve the working stability and quality of the systems
for individual heating systems in the circumstances of determined and
stochastic perturbations is worked out;

- the possibility to use for bulding heating the heat, acquired by
composting of plant residues from household keeping, is analysed;

- the analysis of impact of control system to heating expenses is worked
out by using the developed imitation models.

Approbation of the results

The approbation of the research results has been performed by the author
taking part in scientific conferences::

1. R. Selegovskis, E. Visockis. Investigations of underfloor heating using
flue gasses as heat carrier./ Agricultural engineering problems. Jelgava,
2005.

2. 1. Plame, R. Selegovskis, A. Spidans. Heat transfer in system container
— floor heating panel. Advanced technologies for energy producing and
effective utilization. Jelgava 2004.

3. R. Selegovskis. Modelling of automatic temperature control system for
cable heated floor./ Advanced technologies for energy producing and
effective utilization. Jelgava 2004.
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4. 1. Plume, R. Selegovskis, A. Spidans. Heat transfer in system container
— floor heating panel. Technical progress in agriculture. Kaunas, 2004.

5. L. Plume, R. Selegovskis. Heat and mass transfer within composting
container./ International conference. Kiev, 2001.

6. 1. Plume, R. Selegovskis. Heat balance for composting container. //
Technical progress in agriculture. Kaunas, 2000.

7. R. Selegovskis. Analyses of choice of heated floors./ Engineering
problems in agriculture. Jelgava, 2000.

8. R. Selegovskis. Analyses of the choice of the heat source for private
house. Engineering problems in agriculture. Jelgava, 2000.

9. R. Selegovskis. Operation problems of heating systems with plastic
pipes./ Engineering problems in agriculture. Jelgava, 1999.

The approbation is performed in the following publications:

1. R. Selegovskis, E. Visockis. Investigations of underfloor heating using
flue gasses as a heat carrier./ Agricultural engineering problems. Jelgava,
2005.

2. R. Selegovskis. Modelling of automatic temperature control system for
cable heated floor./ Advanced technologies for energy producing and
effective utilization. Jelgava 2004.

3. I Plume, R. Selegovskis. Heat and mass transfer within composting
container. // Industrial Heat Engineering. No. 4-5. - Kiev. — 2001, p. 33-
38.

4. 1. Plume, R. Selegovskis. Heat balance for composting container. // -
LZUA Research Papers, Kaunas, vol. 5(1), 2000, pages 240...245.

5. R. Selegovskis. Investigations of the phase regime control circuit of
induction motor’s combined protection device EKA-2 //Combined
protection of electric motors. 1993, vol.247, - pages 60...74.

6. R. Selegovskis. Using of zero sequence voltage for control of the phase
regime of electric equipment.//Improvement of equipment and technology
in agriculture. Proceedings of LUA, 1991,vol. .266, - pages 55...61.

The results and application

It is possible to investigate heat transfer processes of a heated object and
perform analyses of system control and rational choise of parameters by using
the developed imitation models. As a result, it is possible to improve the
quality of the heating system operation, to increase comfort in buildings, to
decrease expenses for heating and environment pollution with emissions
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The structure of the dissertation

In the first chapter, the heat sources and systems for heating are analysed,
the possibilities to use them according to economic, engineer technical,
ecologic and comfort criteria are evaluated.

In the second chapter there operation of autonomous water heating systems
is analysed. The models of heat transfer processes of premises and the control
system are developed using different kinds of temperature control. More
accurate definition of model parameters is worked out.

In the third chapter, using the experimental data, the heat transfer processes
of heated floor are investigated, the model of temperature control of heated
floor is developed, the optimisation of its parameters is performed.

In the forth chapter the possibilities of using heat acquired in degradation
of biomass are analysed.

In the fifth chapter the methods used in experimental investigations and
equipment used in data acquisition and processing are described.

In the sixth chapter the economic motivation of the choice of building
heating engineering system control is performed.
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1. Analytic review of autonomous heat supply kinds

In the first chapter, analyses of heat sources and systems for heating is
worked out, the possibilities to use them according to economic, engineer
technical, ecologic and comfort criteria are evaluated

The conformity of most common primary energy sources for heating of
individual buildings: natural gas, liquid propane-butane gas, heavy oil, liquid
fuel for furnaces, biodiesel, peat, wood fuels, coal, electrical energy, heat from
ground, heat from biomass, biogas is analysed.

The conformity of primary energy sources to the criteria of the choice is
given in the Table 1.

Table 1
The conformity of heating primary energy sources
to the criteria of the choice
The conformity of heat source to criteria
Heat source Ecological Technological Economic Comfort
criteria criteria criteria criteria

g € 5 1B |2 |5 |B € |58 |B |£ |5

=] = 1=} S E =] = = =] =] = =]

O |~ A~ O |~ A~ QO |a A QO |~ =
Peat briquettes + + | + +
Coal + + | + +
Firewood + + |+ +
Natural gas + + + +
Liquid
propane-butane * * * *
Heat pump + + + +
Wood sawdust | + + + +
briquettes
Wood sawdust | + + + +
pellets
Diesel + + + +
Electric energy | + + + | +

Overall characterizing the conformity of different heat energy sources to use in

individual heating systems, it is necessary to evaluate several aspects:

e  From the ecologic point of view, the most convenient fuels in individual
heating systems are natural gas and wood fuels, due to the small amount of
emissions from combustion. In local scale it is possible to consider electric
energy as a friendly energy to environment. Using of biomass composting
heat stimulates also environment cleaning.

e From the technologic point of view, considering automation possibilities
of the system, the most convenient heat sources are electric energy, but from
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fuels, they are natural gas and sawdust pellets. Liquid fuels needs complicate
feeding system. As to supply and storage possibilities, the most convenient
are electric energy and natural gas supplied through pipelines.

From the economic point of view considering the price of fuel, heating
capacity, and efficiency of the boiler it is possible to obtain the cheapest heat
energy from peat briquettes, coal, firewood. The most expensive heat energy
is from electricity and diesel. (Fig.1).

From the comfort point of view the most advisable heat source is electric
energy. Heat pump is also convenient. Natural gas provides high level of of
comfort as well. Using liquid fuels it is necessary to carry out measures to
eliminate the specific smell. Using hard fuels, it is necessary to clean out
ashes and to transport fuel pieces to furnace, what is polluting premises, and
more frequently to clean chimneys.

For using in individual autonomous heating systems heavy oil and milled
peat are not suitable, because heavy oil needs special preparing before
feeding to the burner — heating. Milled peat needs a complicate feeding
system and it takes big volume for storage.

It is possible to use the biogas and biomass composting heat as an
additional source in specific circumstances, when it is sufficient amount of
stock.

The expenses of solar energy are small. Purchasing and installation of
equipment form the main part of them. This is ecologically pure kind of
energy production. The main drawback of it is irregularity of obtaining.
Therefore, it is advisable to combine using of solar energy together with
other sources of heating.

Cogeneration plants are complicate and expensive and not suitable for
small buildings.

O Peat briquettes

= 50 O Coal
= | \\ OFirewood
% 0 § O Natural gas
% 30 § O Heat pump
°§. | \ E Sawdust briquettes
i | -
= % Diesel

0 - @ Electricity

Heat source

Fig.1. Heat energy expenses using different heat sources.
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The analysis of the most convenient kinds of heating systems for
individual buildings is performed considering the above mentioned criteria.
The conformity with these criteria of water heating systems with heaters, floor
heated systems with pipes and electric cables and systems with heated air are
evaluated..

Conditions of comfort is an individual conception and the characterising
parameters for each individual can be different but factors that impacts them
are mutual. The main physiological factors that determines heating parameters
are the following:

- the level of physical activity of an individual,
- the heat insulating properties of clothes;

- the temperature of heat sources;

- air velocity around the body;

- relative humidity of air.

Different combinations of those factors form a satisfactory feeling of
comfort.

The technical — economic factors are divided in the following categories:

- availability of the heat source and possibilities of utilisation as well as
the economic aspect in each separate case.

- aspects of the choice of the heat carrier;

- the choice of the kind of the heating system.

The ecological criteria characterise the system influence to environment.
Taking into account those criteria, it is necessary to choose the system with
possibly less influence to environment. It is included in the ollowing terms and
possibilities:

- the choice of fuel with possibly less influence to environment;

- utilisation of fuels with better quality;

- using of equipment with more qualitative an complete burning;

- using of special equipment with diminished hazardous component of
emission;

- using of additional equipment that decreases hazardous emission;

- decreasing of heat losses leads to decreasing of fuel consumption an less
polluting;

- using of the system control equipment.

The subjective criteria are individual and can be in conflict with others.
Their consideration and priority is determined by financial possibilities and
regulations of legislation.
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2. Analysis and operation modelling of autonomous
heating systems with water as a heat carrier

In the second chapter the operation of autonomous water heating systems
is analysed. The models of heat transfer processes of premises and heating
control system are developed, making use of different kinds of temperature
control. The parameters of them are specified.

Heating systems with water as heat carrier are most frequently used due
to their advantages in comparison with others. Therefore in this work the
models were developed for water heating systems with heaters in premises.

The air temperature of premises is the most important factor, that provides
it is microclimate, creating the feeling of comfort. Different heating controllers
help to provide that. The main function of the heating processor is to provide
the supply of heat to heaters, what is in accordance with heat losses. In general,
the control terms of buildings heating systems are determined by ES standards
EN 12098-1 and EN 12098-2. These standards determine control of indoor air
temperature according to so called aligned outdoor temperature. During the
control process it is necessary to evaluate time delay between the changes of
outdoor temperature and its impact to indoor air temperature.

There are several kinds how to control the amount of heat delivered from
the heater to premises:
e control of supply heat carrier temperature by mixing hot carrier coming
from the source with cooled return flow from heaters;
control of supply heat carrier temperature in the heat source;
control of the supplied heat amount by control of productivity of the
circulation pump;
e control of the heat amount changing the flow rate by regulating valve.
The heat is supplied with a heat carrier, what in water heating systems is water.
The delivered heat power from the heater is described by the following formula:
P/’ZM/’ *Cpao * (T —T,)> 2.1)

where: P;— actual heat power delivered by the heater, W;

M; — actual flow rate of the heat carrier through heater, kg*s’l;

ci0 — specific heat capacity , J *kg'1 K

Ty — supplied carrier temperature, "C;

T, — return heat carrier temperature, "C.
The actual heat power delivered by the heater changes in dependence on the
temperature coefficient that is proportional to average temperature difference
AT. It is possible to express this correlation by the formula:

P
P =—", (2.2)
Tk
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where: P, —nominal heat power of the heater, W;
k — temperature coefficient (k = f(AT);

and AT~ Le=Ta | (2.3)
Tk _Tu
In
T,-T,

where: T, —average temperature of indoor air in premises, oC.

The curve presenting correlation between average temperature difference AT
and the temperature coefficient k (Fig. 2), is obtained making use of the tables
for corrections of the heater power given by the manufacturers. Making
approximation of this curve, the correlation between the average temperature
difference AT and the temperature coefficient is obtained. The nominal power
of the heater manufacturers give for the temperature regime 75/65/20, it means
Ty=75°C, T, = 65 °C for average T, =20 °C. One kind of control is changing
of the heat carrier flow rate with constant temperature of the supplied carrier.
As a result, the amount of the delivered heat by the heater changes because T,
un AT changes. It is possible to calculate T,. using the formula 2.1 with given
Ty and flow rate. The certain Ty, was accepted and using the formula 2.4 there
was calculated the delivered power Py if Tg=200C for different T,. Next, using
the formula 2.1, the necessary actual flow rate M; was calculated to provide the
delivered heat corresponding to Ty, T,un T,.
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Fig. 2. The temperature coefficient as a function of the temperature difference

The example of calculations is given in Table 2. For calculations the computer
program Exel was used. There were built curves (Fig. 3.) in the range of flow
rate M= 0,002374...0,0374 kg*s" (10...100% M,). It is possible to come to
the conclusion, that increasing the flow rate over the nominal gives little
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impact to the heater power and it is inexpedient to increase it, because the flow
velocity of the heat carrier and hydraulic resistance increases.
Table 2
The results of heater actual power calculations if the temperature of the
supplied heat carrier is T,=75 "C.
Pn, W 1000 1000 1000 1000 1000 1000 1000 1000

Tk 75 75 75 75 75 75 75 75
Ta 30 35 40 45 50 55 60 65
Tg 20 20 20 20 20 20 20 20

Pf, W 443 539 625 706 782 855 926 996

11:/;%‘ 0,00235{0,00321{0,00426 |0,00561|0,00747{0,01021|0,01473]0,02374

P, * AT"¥™ P (2.4)
T 14544 14544%(T, -T,)"F
(ln Tk - Ta )1,2727
T,-T,
y=H26Lo@ T 1048 _a50c y=1514Ln(x) + 1258,2 .
R =082 R 0.0706 T, =60°C
1200 200
1000
600 1
e S0 -
A 600 4 P
™ 400 7
400
L ' . 200 . .
0 0,01 0,02 0,03 0 0.01 0.02 0.03
M, kg*s My, kg*s -1

Fig.3. The actual heat power as a function of the flow rate of the heat carrier M;
(10...100%) for different temperatures of the supplied carrier

The second kind how to control the actual heat power of the heater is to
change the temperature of the supplied heat carrier with constant flow rate. In
this case T, and Py are mutually related and depend on M; and Ty, as well as on
T, . This describes the system of equations:

Py =M, "o * (T, = T,)
P Pn ES AT1,2727 5

Pf —__n _
k 145,44

.5)
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where: P, —nominal delivered heat power of the heater, W
M, — heat carrier flow rate, if the heat power is nominal kg*s™.

From this the correlation between Pr and Ty is obtained if the flow rate of
the heat carrier is constant.

P x AT
M, * ¢y * (T, = T,) =W

Unfortunately, the solution of this equation is complicated because there is
multifunctional relation between the parameters.A more convenient way to
gain a functional correlation between necessary Py and Ty is to use the formula
2.4 and like calculations for the Table 2, to obtain the heat power delivered by
heater for different Ty and nominal flow rate M,. The delivered heat power Py,
depends on T,. Correlations between Py and flow rate My (T, = 75 OC), for
different indoor temperatures are shown in Figure 4 (approximated equations

in Table 3), between T, and M; for different T, in Figure 5, but between Py and
T, for different My in Figure 6 (Table 4).

T.=750C

2.6)

1400 x
1200 e = T,=150¢
)/),;‘_/:——_—/_f_‘: +T1,=100c
300 e = Tg=5°¢

-+ T,=2 0¢

—+T,=207¢C

Heat power P, W
=
=

0 0,003 0.01 0,015 0,02 0,023
Flow rate My . kg*s -1

Fig.4. The heat power delivered by the heater as a function of the heat carrier flow
rate for different indoor air temperatures (10...100% My)

Table 3
The heat power delivered by the heater as a function of flow rate (T, = 75 "C)
Indoor air _ Coefficient of
temperature T,, °C Pr=1(My determination R?
20 Pe=242,6 In My + 1944,8 0,9822
15 Pr=276,1 In M¢+ 21884 0,9804
10 P¢=303,2 In M+ 2405,3 0,9830
5 Py=337,4 In M+ 2657.9 0,9828
2 Py=1350,2 In Mg+ 2773,1 0,9849
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Flow rate My . kg*s -1

Fig. 5. The return heat carrier temperature as a function of the flow rate for
different indoor air temperatures (T =75 °C).
Table 4.
Correlations between the heat power delivered by the heater and the heat carrier
flow rate for different indoor air temperature

Mg/Mn Pr=1(Ty
2.14 Py=-252T,+ 1569
1 Pp=-23.7T, + 1467
0.62 P=-20.9 T, + 1344
0.43 Py=-19.6 T, + 1245
0.31 Py=-175T,+ 1129
0.24 Pp=-15.1 T, + 1008
1600
. —— I =71
2 1100 ‘\-\ Mg Mp=214
= \ & M M p=1
f—; 12000 —i—-_"l._'[f -_\'L'.'[ﬂ=|}:|5-:
= 1000 = . .
é‘j \‘\“\‘\%\t - My M =031
200 - —— :‘n.'If M p=024
“-I-_____h_q_‘
00 T T T T
0 3 10 13 20 25
Temperature TE,DC

Fig.6. The heat power delivered by the heater as a function of indoor air
temperature (T, = 75 "C).
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The changes of the delivered heat power have to overtake the impact of
T, to microclimate in premises before it starts because the building is a
thermodynamic system with high heating inertia. It means that the heating
system needs a controller that will evaluate the following factors:

— changes in outdoor temperature;

— thermodynamic parameters of building constructions;

— heating inertia of building constructions;

— operation inertia of the heating system;

— heat discharging in premises;

— quality of the primary energy source and supply.

Heat flow throw building constructions is determined by the following
parameters: thickness of building construction layers and coefficients of its
thermal conductivity as well as area of the surface and the coefficient of heat
transfer. In the calculations the coefficients of heat transfer are: for walls inside
surfaces o, = 8,7 W*m™2*°C!, outside surfaces o = 23 W*m™2*°C’! [1].

It is possible to simulate the impact of outside factors, the change of input
and output parameters and operation of the system by using the computer
program ,,Matlab” subprogram ,,Simulink”. This subprogram allows to
construct blocks and connections between them that imitates the system
operation on the computer and gives a possibility to investigate the operation
of the system overall and the operation of separate blocks during stationary
and dynamic processes [3]. A dynamic model is developed for premises
(fig. 7), with area of floor S, = 16 m’, area of the outer wall S, = 34,2 m’,
height h = 3 m. Heat losses occur through outer wall and window.

| _— aa
ot — Tag
S, Qz
Indoor air
Ts Window 1,5x1,2 m
Ty k,
% AN
Pf
<1 AT Brick layer, 12 cm
o ~\:\\Sawdust concrete, 25 cm
S S — T~ Plaster, 1,5 cm
S 4 f
— —
N Foam plastic, 3 cm
N
Heater
Tk Ta
M ¢

Fig.7. Scheme of heat flow in premises.
o, o; — coefficient of heat transfer from the inner and outer surface of the wall, Wm20C!;
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o, — coefficient of heat transfer from the heater surface, WHm20C;

T,, — outdoor air temperature, oc;

T, —indoor air temperature, oc;

Ty, T, —supplied and return heat carrier temperature from the heater, °c;

S, — area of the inner surface of the wall, m%;

S, — area of the heater surface, m’;

k¢ — heat transfer coefficient of the wall, W*m’z*OC'l;

P;— actual delivered heat power of the heater, W;

Q, — flow of heat losses through the wall and the window, W;

Q. — accumulated heat flow in indoor air, W;

S, — area of the window surface, m’.

The wall consists of sawdust concrete (thickness 25 cm), a ceramic brick layer

(12 cm), an internal plaster layer (1,5 cm) and foam plastic plates (3 cm). The area
of the window surface 1,8 m?, the coefficient of heat transfer k; = 1,1 W*m™* °C’,
The temperature change occurs with time delays and the corresponding units in
the model are inertial units. It is possible to describe these units with the gain
of the unit and time constant [4]. If the average indoor air temperature but not
spatial distribution is considered it is possible to describe the heat transfer
process with an one-dimensional model. The heat transfer balance equation for
the heating process is:

AQg =P, -0., 2.7)
where: P, =aS (AT, —AT,)— actual heat power (flow) delivered by the

heater, W;
S, - surface area of the heater, m?;

AT
AQ, =c, *m_ * ¢ - the heat flow accumulated in air, W;
8 8 g dt

ATg = Tg _Tag- the difference between average indoor air temperature

and outdoor temperature, °C;
¢, — specific heat capacity of air, J *kg 1 *0C
m, —mass of air, kg.
Q. =k, *S. +k *S)*AT, - the heat losses through the wall and the

window, W;
AT, =T,-T,, - the difference between the heater surface and outdoor air

temperatures, 'C.
The heat transfer coefficient of the wall is calculated evaluating
thermodynamic parameters of wall layers and thickness of them:
P 1 ~ 1 _og0 (2.8)
fT S 1 1 025 012 003 0015 1 7 ;2«0 ¢C
— Y S 4 + + + +—
a; A a 23 044 047 006 081 87
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Putting the equations of heat flow into the formula 2.7 it is obtained:
¢, *m, *dAT, v o x N .o 2.9)
St T =g %S K(AT, ~AT,)~ (k, *S. +k, *S)*AT, (29).

dt
As a result of mathematic transformations it is obtained:
€y "My ST a,* s, «a7 > (2.10)
@, *S, +k, *S_+k *S, i © @, *S, +k, *S, +k*S,
. c,*m : : S
where:  ; _ g g - time constant of indoor air, s;
£ oa *S, th, kS kRS,
£
T, = 1003,6*46,5 =1030s(17 min)
£ 14,5%1,4+0,69%34,2+1,1*1,8

_ o, * S, _AT gain, that  describes the

k, = =
foa S +k *S 4k xS, AT,
correlation between increasing of indoor air temperature and
increasing of heater surface temperature.
. 145*%1,4 B
£ 14,5%1,4+0,69%34,2 + 1,1 *1,8
Applying Laplace transformation to the equation 2.10 [5], using Laplace
integral (with initial conditions AT, = 0, AT, = 0) it is obtained :
(7, *s+D)*AT,(s) =k, *AT(s), (2.11)
where: s — Laplace variable.
From equation 2.11 transfer function is obtained:
AT (s) 7,%s+1
where: AT,(s) — the image of indoor air excess temperature;
AT(s) — the image of heater surface excess temperature.
The heat balance equation for the heater as follows (at the beginning of
heating T, = T,p):

0,43

W,(s)=

AQ, =0, - P, (2.13)
where: AQ=c¢ *m_* dAT, _ jccumulated heat flow in the heater, W;
s s dt
P, =a *S *AT, -actual heat power delivered by the heater, W;

Q; — heat flow supplied to the heater, W.
Putting the equations of heat flow into the formula 2.13 and applying
mathematic transformations a differential equation is obtained:
Ts*%w;:kggs, (2.14)
t
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c. *m

where: =2 T - time constant of the heater, s
’ aS * SS
sk
T, = 450730 = 665s(1 1min)>
o 145*%14
k = 1 _ AT, gain of heater, 0C”‘W'l,
’ aS * SS Q
k, = L 0,053°C*w™
14,5%1,4

Applying transformation of Laplace to the equation 2.14, using Laplace
integral, with initial conditions AT, = 0, AT = 0) operator equation is obtained:

(r,*s+D*AT (s) =k, *Q, (s) (2.15)
From the equation 2.15 the transfer function is obtained
AP —— 2.16)

Q. r,*s+1

In the premises (Fig. 7) the heater is steel battery with the average heat transfer
coefficient o, = 14,5 W*m’z*OC'l, heating surface S;, = 1,4 m*and mass m,, = 30kg.

The gain kg describes the changes of average temperature on the heater
surface in dependence of the supplied heat flow to the heater by the heat
carrier Q,. The supplied and delivered heat flows are different.

During a nominal regime (75/65/20) the average surface temperature is
T, = 70 °C and the nominal delivered heat power is Py= P, = 1000 W. Such
heat power compensates heat losses from premises if outdoor air temperature
Toe=-20 %C, and the heat carrier flow, what corresponds to that, is M=0,02374 kg*s™.
Since (Table 3) the correlation between heat carrier flow and actual delivered
heat power by heater to indoor air is calculated, it is more convenient to use
correlation between AT and P¢, expressed by the gain k;:

AL 0 g ggecept
P, 1000

It is possible to control the flow rate of the heat carrier by changing the
productivity of circulation pump, what is possible to do using a frequency
converter. The gain is:

(2.17)

L M, _ 002374
)

The coefficient of heat transfer change kg = AP#/AT,, describes the
change of heat delivery with constant heat carrier flow in dependence on
indoor air temperature. If My = M, and Ty = 75 °C, then ki1 = 22,54 wHC
When My, changes it changes too. The developed system model with changing
of heat carrier flow rate is shown in Figure 8. Changes k,, of are evaluated in

—473%10 kg /s * Hz (2.18)
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the model by blocks “k;, funkcija” and “reizinatajs 2”. The influence of heat
losses to T, is modelled by a circuit consisting of blocks “Siena”, that
evaluates heat transfer inertia of the wall and blocks modelling changes of
outdoor temperature T, 1...4”. Inertia of the wall is described by the wall
time constant T,:

n
*
E ¢, *m
_ €y *my) cy¥my+c, ¥*m +c,*m +c,*m
7 =il _ s k ; P P a a _ (2.19)
z * * * * >\
a,*S. +k *S, a,*S. +k *S.

~ 840*11900+880*6940+126*60+840*612

295
where: ¢ — specific heat capacity of separate wall layers, J*kg'*°C™";
mg — mass of separate wall layers, kg.

The problems can occur in the electric supply system of individual
buildings. Especially it happens in separate buildings with long electric supply
lines. Common problems are the disappearance of one phase as well as the
decreasing of windings insulation resistance. The work of pump in such
conditions leads to failure of motor. It is recommended to use the protection
device, what will protect pump motor [14]. Sometimes they are combined
together with frequency converter.

The frequency of pump feeding voltage is controlled by a frequency
converter. (block “Frekvences parveidotajs™). In input of the converter a signal
from PI controller is supplied. The block “F,,,,=50 Hz” limits frequency.
Circuit what evaluates correlation between M; and Py consists of blocks
“funkcija”, “1945” and “reizinatajsl”. Blocks “Telpas T, kompensacija”,
”Nominala T,,” evaluate the impact of indoor air temperature to Py, but the
impact of flow rate blocks “37,16”, “reizinatajs2”, “k,, izmainas funkcija”. The
change of indoor temperature simulates “Telpas gaiss”. The impact of flow
rate to temperature compensation is evaluated by the block “Productl” and
correction of overall delivered heat power is done by the adder “Sum4”. The
constant value of T,, is provided by preemptive impact that compensates
changes of outdoor temperature before it affects the indoor air temperature.
For this purpose predictive control circuit is used. It consists of blocks:” T,,
sensors”, “Transfer Fcnl” — block, evaluating delay of affect, “Step” —
correction block, that gives the initial value of correction coefficient kyg=1, if
T, is constant and block“Sum5”. This circuit determines the value of k,,
which further is multiplied (block “Product”) with the output signal from the
controller accordingly to change of T,,. The signal from the sensor “T, sensors™ is
supplied to the adder ”Sum” and is compared with the necessary T, value set in the
block “T, iestatijums”. Difference signal is fed to the PI controller modelled by
blocks “Slider gain”, ”Transfer Fnc”” and “Sum1”.

=59738s ~ 1000 min
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The time period for modelling was chosen 1440 min (24 hours). The
curves in Figure 9 describe the system operation, when the changes of possible
outdoor temperature are imitated. At the beginning of imitation indoor air
heats up from the initial value Ty set in the model to the ecessary temperature
set in the controller. Before stabilization the temperature exceeds the setting
value for approximately 0,4 °C, it is fully acceptable. By further changes of the
outside impact the controller realizes qualitative control and keeps constant set
indoor air temperature. It is possible to control the heat delivery of the heater
also by changing of the supplied heat carrier temperature Ty with constant flow
rate. The correlation between Ty and heat power P delivered by the heater in
accordance to the formula 2.4 is described with empiric equations in the range
T, =50...75 °C given in the Table 5. Coefficient ki, characterizes the changes
of Py in dependance on Ty and it is found by calculating P; using different
values of Ty, if T, = Ty = 20 oC (kz = 21,5 W*OC'I). The curve describing
the change of ki, is shown in Figure 10. The analysis of linearization results of
the function ki, = f(T,) shows, that in range T‘T’ =20...2 °C this coefficient
varies from 21,5 to 23,2 W*°C! (0,06 W*°C™), what is evaluated by the
correction coefficient:

kg =kygr +0,06%(T,,, —T,)=215+0,06%(20-T,)- (2.20)

gk tg2
Table 5
Correlations between the supplied heat carrier temperature and heat

power of the heater with different indoor air temperatures (M;=M,)

T, °C P, W

20 P=21,2 T — 597
18 Pp=21,3 T — 563
16 P;=20,7 T, — 480
14 Py=21,8 T, — 505
10 P;=222 T\ — 443

P;=22,5T, - 374

P;=23,4 T\ — 338

The temperature of the supplied heat carrier is controlled by an actuator
that works on a four-way valve. This valve mixes hot heat carrier from the heat
source to the cooled return heat carrier from heaters. The control signal
determines the proportions of mixing. M,/M, = 0...1, (M, and M, — flow rates
for the hot heat carrier from the source and the cooled return heat carrier).
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Fig. 9. Simulation curves for the variable outdoor temperatures (T,; = 0...-20 0C)
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Fig.10. Coefficient kg, as a function of indoor air temperature

The structural scheme of the model with indoor air temperature control by
changing the supplied heat carrier temperature if flow rate is constant (M, =
0,02374 kg*s™), is shown in Figure 11, but simulation curves in Figure 12.

Temperature T, depends on the heater delivered heat power therefore it is
necessary to develop a circuit in the model for determination of it. In
accordance to formula 2.1. T, it depends on P¢ Ty, M, and cppo. The blocks
describing it are “Pyx 1/c M,”, “1/cx1/M,” and “Sum?7”. The full cycle time of
the control valve with the actuator between the utmost positions is 2 minutes.
The actuator consists of an electric motor with a speed reducer and a four-way
valve for heat carrier mixing. The amplifier “Gainl” amplifies the signal from
PI controller to the voltage necessary for the electric motor. The bigger
declination, the higher speed of actuator will be and temperature Ty will rise
faster.

The function of the actuator is described by the transfer function:

W (s) = Ko, 2.21)
S
where: k,, — speed coefficient, rad*min*V~',
m = Uﬂ = 0.785 =0,033rad *min"* V"> (2.22)
b

where: U, — supply voltage for the electric motor, V;
o - rotation frequency of the actuator shaft, rad*min™".
The transfer function of actuator is evaluated by the block
“TransferFcn3”. The actuator is surrounded by negative feedback “Gain2”.
The operation of the valve is simulated by blocks “Jaucejs”, “Sum6”,
“Product3” and “Product4”.
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The amount of the heat carrier coming from the heat source is determined by
“Sum6”, “1”, “Product4”. The proportion of the heat carrier returned from the
heater is determined by the block “Product3”. Since the heat power delivered
by the heater depends on indoor air temperature the compensation circuit is
developed. It consists of blocks “Nominala T,”, “Telpas T, kompensacija”,
“Korekcija 0,067, “Product2”, “Sum5”, “Koeficients21,5”, “Product”. The
heat power delivered by the heater according to the supplied heat carrier
temperature Ty, if T, = 20 °C, is imitated by blocks “-597”, “Productl”,
“Reizinatajs21,2”.The curves in Figure 12 describe the operation of the system
with mixing of heat carrier flows modelling possible outdoor temperature
changes in 24 hours. Exceeding of T, is less than 0,5 C and it is fully
acceptable. Further the qualitative control of indoor air temperature is
provided. Operation of the system with and without outdoor air changes
predictive control circuit is described by the curves in Figure 13.

@ ©.0sc. Outdoor air temperature T, [ 0C ||§||X| i 4 osc. Indoor air temperature T, 0C

200 400 BO0 800 1000 1200 1400

10

- osc. Outdoor air temperature T, ,0C HEHX\

1000 a 1000

Fig.13. Simulation curves of temperature control:
a) without predictive control circuit; b) with predictive control circuit
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The step perturbation is supplied to the system (T,, changes from 0 to —20 °C).
For the system without predictive control circuit, the indoor air temperature
decreases below the setting and compensation of heat losses is delayed. Using
predictive control circuit temperature T, is kept close to the setting, because
the compensation of heat losses occurs following the impact of the outdoor
temperature to T,. At the beginning of the process the overshoot of T, is
approximately 0,3 °C but it is fully acceptable.

3. Analysis and operation modelling of heating systems
with floor mounted heating cables

The thermodynamic model of premises with heated floor was developed
for analysing of heating processes and control of operation regimes (Fig. 14).

?zl

P

Bricks

- Foamplastic

T Sawdust concrete

—

— Plaster
. as
I ag
E I —
1 [ \.\ ~— Heat insulation
Voltage ™
controller ™ Heating cable
Up =230V

Fig.14. Scheme of heat transfer in premises with heated floor
Qs — heat flow from floor surface, W;
Pg — heat power delivered by cable, W;
Tsi, Ssg, - temperature on floor surface,’C and surface area, m>;
a.g — heat transfer coefficient of floor surface, W*m’z*OC'l;
T, —indoor air temperature, 0C;
T,, — outdoor air temperature,’C
S, — heat losses surface, m>.
o, oz — heat transfer coefficients of outer wall outside and inside surface, WHEm20C!,
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The system needs a controller to align the heat power of the cable with the
impact of outdoor conditions to the microclimate of the premises. By using a
PI controller and an increased power cable it is possible to provide fast enough
temperature increase. Faster reaching of the set temperature without too big
overshoot is possible by using PID controller that provides preemptive impact.
To determine conformable controller parameters the system model was developed.

The heating process is described by the heat flow differential equation [7].

A, %S, *(T,~T,
Q= g, oV *di-a, S, (T, -T2 2e LDe) gy G

ot

where: Q — accumulated heat in the floor, J;
V — volume of the floor panel, m®;
gs. — intensity of the heat flow from the source, W*m™;
Sy S — areas of floor split in the middle and the surface, m%;
L, — heat transfer coefficient of underneath insulation, W*m>*°C"";

Ts , Ti — temperatures of floor surface and underneath insulation
lower surface, °C;

i, — thickness of the insulation layer, m.
Experimental investigations in premises of a living house (bathroom) with
a heat cable built in floor were carried out. The curve in figure 15 describes the
heating time if the supplied voltage of cable is 230 V, temperature of air in
proximal premises + 15° C and indoor air temperature 0 +1°C.
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Fig. 15. Experimental curve of floor heating

During investigations the supplied voltage was changed. As a result the
heat power of the cable changes. The temperature was measured on the floor
surface as well as the average temperature of indoor air. The maximal reached
temperature with different voltage was determined (Fig. 16).
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Fig. 16. Experimental curves of floor heating

The heat transfer coefficient of the horizontal floor surface o, is calculated
from the empiric correlation [9]:

a,, =310*AT " +222AT % =99(W /m* xC), (3.2)
where: AT = T,-T,=4 —average temperature difference between the floor

surface and indoor air, °C.

The parameters of premises are the following: area of floor surface Sy, = 3
m’, height of premises h = 2,8 m, area of outer wall surface S,; = 5,6 m?. The
construction of the wall is equal to given in Figure 7.

From the experimental data regression analyses the approximated
mathematic functions are obtained. They describe conrrelations between the
supply voltage of the heating cable U, power of the heating cable P, stationary
floor surface temperature T, and indoor air temperature T,:

P, =0,0006 *U>*7, (3.3)
T, =01732*U"", (3.4
T, =08571*U"" (3.5)

Equations 3.3... 3.5 are non linear, but performing linearization in the voltage
range 150...230 V, the inaccuracy does not exceed 5%. Therefore, it is possible
to use linearized functions in the system model [10].
From the experimental data the overall system gain is:
ky =k, *k,, *k,, =2%0,053%0,48=0,051"C/V), (3.6
where: k, = AP, — gain of the cable power, Wyl
AU
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k.= AT, _ gain of the floor surface temperature, Ocxwt.

7 APs
_AT, _ gain of indoor air temperature.
7 AT

sg
AP, AT, and AT, — the change of the heating cable power, floor surface and
indoor air temperature when voltage changes in the range U = 150...230 V.
The heating time constant is calculated:

Cyg ®M, 311738

., = = =7021s5(117 min) (3-7)
o, xS, vk *S,  133%3+15%3

s

where: ¢, — floor specific heat capacity, J *kg ' *0C!,
my, — floor mass, kg;
o Az _ 0,045 _ 1.5 - heat transfer coefficient of the floor insulation
s, 003 7
layer, W*m™>*°C"",
Heating time constant of wall is calculated:
X, *my) 6754512

T =
T, *S, 4k, *S,  23%56+0,69%5,6
The heating time constant of the air is calculated:

c,*m *
T, = — o 003678 _puo5amin) 39
a,, *S,, +k, xS, 99%3+0,69%5,6

Heat transfer through the wall is imitated by the block “Arsienal” (Fig. 18).
Heat losses through the outer wall are calculated as follows:
P =(T,-T,)xk,*S,=(T,-T,)*0,69%42=(T, -T,)*2,9 (3.10)

ag
The block “Sum5” evaluates the difference T, — T,,, the factor 2,9 is
evaluated by the block “2,9”. In accordance to experimental measurements,
when the stationary state sets in (T,, = 0 °C, T, = 19 °C, U =230 V and P,= 250 W),
there is a balance between heat flows. Therefore it is possible to take the
mentioned values of parameters as initial values for the impact of outdoor
temperature. Heat flow through the outer wall with the mentioned conditions is
P, = 55 W. For setting of the relative zero point of T,, impact the block
“Kompensac” with the set value 55 is provided.
The control system (Fig.17) consists of a voltage controller and a control block
made of a PID controller (blocks “P”, “I”, “D”) with alterable gain (block
“Gain”). The block “T, iestatisana” serves for indoor air temperature setting.
Floor with a built in heating cable is imitated by the block “Grida”. The
heating inertia is described by the time constant 15, The gain kg, describes the
heat power change of the cable in dependence of voltage. For the cable

=509145(850 min) (3-8)
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with nominal power Py = 250 W the coefficient is ky; = 2 W*V! The gain
kp, = 0,053°C*W™" (block “Gain2”) describes the change of the floor surface
temperature. Heat transfer from the floor surface to air in premises is imitated
by the block “Gaiss”. Imitating is performed in the voltage range U = 150...230
V. The block “Sakuma spriegums” sets the initial value of voltage U = 150V,
block “Sakuma T,” sets the initial temperature T, Imitation was performed
with constant as well as variable outdoor air temperature T,,. Imitation of t,,
was done using signal sources T, ... T,es.Operation of the system with variable
possible outdoor temperature during 24 hours was performed carrying out
imitation of outdoor temperature by sine curve with a period 1440 min
(Fig.18). The nominal heat power of the cable P; = 500 W. Due to heat transfer
inertia of building constructions impact of outdoor temperature has relevant
delay. The control system is able to follow the influence and to provide
constant setting of indoor air temperature all over the 24 hours. Temperature
overshoot at the beginning of heating is fully acceptable and appears only
during the initial heating process when the PID controller provides preemptive
impact.

4. Utilization of biomass composting heat for heating

In the fourth chapter the possibilities of utilization of heat obtained during
biomass degradation are described. During biomass composting as the result of
bacteria functions degradation of biomass and oxidation of common
substances occur. During the process a certain amount of heat discharges. If
there is enough biomass it is possible to develop a system, where this heat can
be utilized for heating of water or heating of premises. For utilization of heat
the insulated container is needed (Fig.19).

For utilization of heat from discharged gasses the heat exchanger is
installed in the exit of gasses. Such container was used in the investigations
described further. The heat balance is described as follows:

P -0,-0,-0.=0, 4.1
where, Py —heat flow discharge during the process, kW;
0, — heat flow used for incoming air heating, kW
On - heat flow used for water evaporation, kW;
Q. —heat losses through the walls, kW.

The heat flow discharged during composting kW is described by folloving
equation [11]:

])k :kv*kdm *ac*l/c*qm’ (42)

75



where: ko= V. —volume of composted mass (V) in relation to total inside
oV

volume of the container(V.);
d. —density of compost, kg*m™;
kgm — dry matter mass in relation to total mass;
qen — specific discharged heat flow from 1 kg dry matter, kW+kg™.

M‘ sz
1

=7

0.7 .

Fig.19. Construction of biomass composting container
1 — container, 2 — compost, 3 — heat insulation , 4 — shuttle, 5 — fan

Amount of heat for heating of incoming air from outside air temperature
T, to temperature inside the container T, and for water evaporation in constant
pressure is expressed by the following equation :

0,=0,+0,+0, =V, *p,*|lc,, +x,%*c, X, - T,)+2491 % (x, —x,,)] (4.3)

where:  Q,;, Q,; — amount of heat for dry air heating, kJ;

Q,,—amount of heat for water evaporation with constant pressure, kJ

V,i—volume of incoming air, m**s™';

pai —density of air , kg*m;

Xyi, Xyo — Water vapor content in outgoing and incoming air, kg /kgse;

Cpas Cpv — Specific heat capacity of dry air and water vapour,

Coar= 1,00, kI*kg ' *°C" ¢, ,,= 1,97 kJ*kg '*°C™".

If composting is performed in a cubic shape container with the size of the
edge a = 1 m, the density of composted mass is 0,65- 10 * kg*m™, k, =1, for
dry matter g, = 0,013 kW¥*kg™, then the discharged maximal heat power is
approximately 3,9 kW [12]. It is sufficient for heating of 80...130 m’ premises,
if we assume that the necessary specific heat for heating is 30...50 W*m™.
Experimental investigations were carried out to make out real heat balance
during composting in the container, achievable temperatures and their
distribution in time and impact of take away heat to the composting process.
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During the experiments there were obtained curves of temperature changing
(Fig.20). Temperatures inside the container are high enough to heat water in
the heating panel because commonly the heat carrier temperature inside heated
floor panels is 30...40 °C. For example, after 112 h from the beginning of
composting, the temperature inside the container reaches 46 °C.

The experiments continued to investigate how much of heat it is possible
to take away without prejudice to bacteria functions due to temperature
decreasing. The scheme of the equipment used in investigations is shown in
Figure 21. The heat exchanger was installed in the gas outlet of the container.
Gasses from the container flow through the primary side of the exchanger but
the water flows through the secondary side. Further water was delivered to the
heating panel by a pump. The temperature of outgoing and return water as well
as temperature in different places inside the container and temperature of
gasses was measured. Supply of gasses was realized by a fan.

';-’: 12 MW
10

Difference of temperatures
= o
{I
"

6 11 16 21 26 31 36 41 46 51 36 61 66 71 76 81 B6
Time, h
Fig. 20. Difference between temperature inside the container and temperature
of outside air

The flow rate of water was measured. Compost consists of 85% hay and
15% grass mixture. As a result it was concluded that it is possible to use a
certain amount of heat for heating in the heating panel as an additional heat
source.

It is necessary to use a controller to balance the heating basic source with
the heat take-away system of container. If the continuous heat take away is
performed, temperature in the container starts to fall and the composting
process becomes slower or stops at all. Therefore, the experiments were
carried out with periodic heat taking away starting and stopping the fan. The
best relation between the working and stopping periods is 0,02, because in that
case the heat productivity is the highest.
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Fig.21. Composting container with heat exchanger

1 — heat exchanger; 6 — thermometers;

2 — compost mass; 7 — circulation pump;
3 — air flow gauge 8 — fans;

4 — air fan; 9 — valves;

5 —valve; 10 — heating panel.

5. Measuring and data acquisition equipment used in the
experimental investigations of process

For measuring and processing of the process data the microprocessor
controlled device ALMEMO 8990-8 was used. Due to a built-in NiCd battery,
the device can work autonomously till 150 h duration without voltage from the
network. That is very important when the composting process is investigated,
because the process lasts for several days. For data processing and device
control the computer program AMR-Data-control 4.1 was applied. With this
program it is possible to program and control the device ALMEMO 8990-8.
The applied devices and the program allow to realize periodical measurements
by programming of certain time periods, performing calculations of average
values during certain time periods and data storage. The NiCr-Ni(K)
thermocouples were used for temperature measurements. These are standard
sensors, used to work with ALMEMO 8990-8, connected with standard plug-
ins Thermo ZA 9020-FS.

The main parameters of thermocouples:
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e range of measuring -200...+1370 °C;

e  sensitivity 0,1°C.

The device has a built-in compensation system for cold ends of thermocouples,
therefore the results are independent from temperature in premises.

An essential parameter is heating inertia of sensors. Experiments to find the
inertia were carried out. The temperature in laboratory oven were changed by
step 2 °C and the time of measurement stabilization was fixed. The
measurements stabilized in 4 to 6 minutes. It is acceptable for measuring
temperatures in ambiences and for solids with high heating inertia.

6. Economic justification of building engineering system
choice

By implementation of heating control systems, the models of which are
developed and analysed in this work, it is possible to reduce heat consumption
for separate premises and overall building. Expenses for implementation of the
systems become part in total costs of engineering systems and building life
cycle costs [9]. On the one hand the implementation of the control system
gives energy saving, on the other hand it needs extra expenses.

The effectiveness of implementation of the indoor air temperature
automatic control system depends on heat losses. The component parts of the
heating system commonly are calculated to provide the necessary level of
comfort during the highest heat losses. Calculations are carried out for the
lowest 5 day and night outdoor air temperature during the heating season (for
city Jelgava it is — 20 °C), but the average temperature per the heating season
is — 0,3 °C. It means, that it is necessary to regulate accordingly to outdoor
temperature changes. If there are only manual regulation possibilities, operator
cannot to follow theses changes all the time and set the right parameters.
Therefore, it is more suitable to apply automatic control devices that operate
without continuous presence of the operator. The economical effectiveness of
controller depends on thermo insulating properties of building.

For calculation of heat losses in W, the following formula is used:

Q.= (T, ~T,,)*k, *S.. (6.1)
where: k¢ — heat transfer coefficient, W*m2*°C"".

If the amount of the delivered heat is not controlled, additional heat losses
occur. Applying the system model (Fig. 8) developed in Chapter 2, it is possible
to simulate the changes of indoor air in premises in different conditions.

In the model the thermal resistance of the wall and heating inertia are
evaluated by changing of the coefficient k, as well as the time constants t,and t,.
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The value of T, depends on the wall thermal resistance. Using the system
without control possibilities the indoor air temperature in premises is raised if
outdoor air temperature is higher than — 20°C. Using the formula 6.1 the heat
flow was calculated when T,=-0,3 °C and when Tae=-20 °C for different
thickness of insulation layer. Air temperature in premises was obtained by
using the mentioned model. The total heat consumption @, during the heating
season varies in dependence on the thickness of insulation layers (Fig. 22).

5
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—

Heat consumption, MWh

I} T T T T
1] 0,03 0.1 0,13 02 023
Thickness of insulation, m
—n— with contr. (Tag= 030 C) —ir— without contr. (Tag = 030 C)
—+— with contr. (T, =-20 0 ¢) —a— without contr. (T, =-20 ‘o)

Fig.22 Heat consumption during the heating season in dependence on insulation
thickness for different outdoor air temperatures T,,

Using the system with a controller the consumption of heat substantially
decreases. Thereto if T,, = - 20°C, for insulation thickness 0,03 m the control
system does not affect economy because the nominal heat power of heater is
chosen for such conditions.

It is possible to estimate the heat consumption during the heating season
using the system with control and system without control using average T,, in
season. The economy of expenses for heating premises described in Chapter 2
during the season, if average T,, = -0,3 °c, using different heat sources is shown
in Table 6. The curves in Figure 23 show finance economy if heat is obtained
from different sources. It is particularly effective to apply a controller if expenses
for heating are high (for example, using electric energy or liquid propane-butane).
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different thickness of insulation §;,.

Table 6
Economy of expenses for premises heating applying a control system with

Expenses Economy per heating season N, Ls
of heat
Heat source energy, 8i,, M
Ls*MWh 0.03 0.05 0.10 0.15 0.20
Peat
briquettes 5.1 6.85 6.42 5.36 4.47 3.81
Coal 6.8 9.13 8.57 7.14 5.96 5.08
Firewood 9.5 12.76 11.97 9.98 8.33 7.10
Natural gas 10.9 14.64 13.73 1145 9.56 8.14
Liquid
propane 25.2 33.84 31.74 26.48 22.10 18.83
butane
Heat pump 13.4 18.00 16.88 14.08 11.75 10.01
Sawdust
briquettes 13.9 18.67 17.51 14.60 12.19 10.39
Diesel 43.1 57.88 54.29 45.28 37.80 32.20
Electric
energy 45 60.44 56.69 47.28 39.46 33.62
70,0

" 60,0 - A\

= 50,0 —&— Firewood

E» 40,0 | \\A —&— Natural gas

E 30,0 w —— Electricity

= 20,0 —¥— Propane-butane

10,0 - M‘—’
0,0 T \
0 0,1 0,2 0,3

Thickness of insulation, m

Fig.23 Economy of heating expenses per season in dependence of insulation

layer thickness for different heat sources
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CONCLUSIONS

1. From the collected data and their analysis it is calculated, that evaluating
the heat source for a building based on economic criteria, the least expenses
from heat are when using peat briquettes (5,1 Ls*MWh™), coal (6,8 Ls*MWh™)
or firewood (9,5 Ls*MWh™), the highest expenses are using electric energy
(45 Ls*MWh™") and diesel (43 Ls*MWh™).

2. Based on the ecological criteria, the most convenient heat sources are
natural gas, that have small amount of NO, emissions (average 40 mg*MJ™),
has no SO, and dust emissions, as well as wood fuels (NO, — 35 mg*MJ’l,
SO, ~ 0), in domestic scale also electric energy; coal is fuel unfriendly to
environment (NOy — 200...250 mg*MI™, SO,— 50...100 mg*MJ™).

3. Electric energy and natural gas make the best conformity to the comfort
criteria as well as liquid fuels, that allow use fully automatic fuel supply and
heat production process.

4. Considering the technical economic, ecological and subjective criteria the
most convenient heat source for heating of individual buildings is natural gas
that complies with most of these criteria.

5. For the heating system control it is advisable to apply cascade control
systems covering all factors that impact the system operation: outdoor air
temperature, indoor air temperature, the rate of their change and
thermodynamic parameters of building constructions.

6. Enclosing constructions of buildings have high heat transfer inertia, as a
result they have high time constants and the impact of outer perturbations
occurs with high time delays. It creates a necessity for the outgoing impact
from control system to occur with sufficient time delay. Equally, if there is a
big difference in the controlled parameter — indoor air temperature from
setting it is advisable to use the predictive control impact.

7. It is possible to provide qualitative control of indoor air temperature with
PI controllers in systems with heaters or using PID controllers in systems
with heated floors.

8. If the heat power of the heater is selected according to the calculated heat
losses and the necessary temperature and flow rate of the heat carrier is
provided, the developed control system provides maintaining of the set
indoor air temperature with accuracy 0,5 °C independent on outdoor air
temperature perturbations.

9. To achieve faster reach of the desirable temperature it is useful to use a
heating cable with power exceeding the necessary power for compensation
of heat losses. Using a heating cable with twice higher power the time of
heating decreases four times. Using a PID controller the overshoot of
temperature does not exceed the set value more than for 0,2 °C.
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10. When using a heat cable with increased power, instead of a commonly
applied proportional (P) controller it is recommended to apply a
proportional-integral-differential (PID) controller, that evaluates time
constants and improves the quality of controlling, precipitates initial heating
and eliminates periodical heating-cooling.

11. Using a composting container with volume 1 m’, maximal heat flow from
hay and green grass mixture is 3,9 kW, It is sufficient for heating of
premises with 80-130 m® volume.

12. It is possible to reach temperature 46 °C during composting of biomass
and it is sufficient to use heat for heating premises with heated floors.
supplying it to the heating panel by a heat carrier.

13. The distribution of heat discharged during the composting process is not
regular. The maximal heat power is reached after 55 h from the beginning of
the process, therefore it is possible to use it only as an additional heat source
to the main heating.

14. The efficiency of applying of the control system is determined by thermo
insulation properties of building constructions. The highest efficiency is
obtained when building constructions have small thermo resistance and
using heat sources with high expenses of acquired heat. When electric
energy is utilized using the heating system with the control system the
savings are 0,567 Ls*m™ per month to the area of floor, if the thickness of
foam plastic heat insulation is 0,03 m and 0,315 Ls*m?, if 0,2 m, using
firewood accordingly 0,12 Ls*m™ and 0,048 Ls*m™.
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