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PETIJUMA PRIEKSMETS UN PROBLEMAS AKTUALITATE

Sobrid pasaules uzmanibas degpunkti ir globala sasilana un ilgtermina sekas,
ko ta var izraisit. Energijas raZoSana ir viens no galvenajiem globalas sasilSanas
iemesliem, tade] batiski ir veikt visus iesp&jamos pasakumus tas apjoma
samazinasanai.

Latvijai iestajoties ES, notiek biitiskas kurinama cenu izmainas. ES direktivas
paredz energotaupibas pasakumus, energijas ieguves veidu nomainu no
neatjaunojamiem uz atjaunojamiem energijas resursiem. Kioto protokols nosprauz
mérki palielinat energijas ieguvi no biomasas, v&ja, TGdens un citiem dabai
draudzigiem energijas avotiem, samazinat kaitigos izmeSus, kas piesarno apkartéjo
vidi un ietekm& Zemes klimatiskas izmainas.

Ka energijas avotu izmantojot Latvija izaudz&tu biomasu un tas parpalikumus,
kurinamais nav jaieved no arzemém. Vietgjos uznémumos tiek nodarbinati cilveki ta
ieguvei un sagatavoSanai. Samazinats vides piesarpojums atrisinot jautajumus
saistitos ar biomasas atkritumu izmantoSanu. Ta rezultata palielinas valsts
ekonomiska politiska un ekologiska stabilizacija. (Visockis, 2001.)

Daudzu apsildes sistému trikums ir ilglaiciga nepiecieSama mikroklimata
uzturéSana telpa, pagarinot kurinama degSanas ilgumu, ierobezZojot pievaditd gaisa
daudzumu. Ta rezultata notiek nepilnvertiga sadegSana, samazinas degSanas procesa
ieglita siltuma daudzums no oglekla, veidojas tvana gaze un kancerogénas vielas,
daudz vairak tiek piesarnota apkartgja vide ar nepilnvertigas sadegSanas produktiem.
Ar sodrgjiem atri aizaug skurstenis, samazinot velkmi un var izraisit aizdegSanos.
Modernas gridas apsildes sist€émas ievieSana un ekspluatacija ir darga Latvijas
iedzivotajiem ar vidusmeéra ienakumiem. (Visockis. Savrupmaju..., 2005.)

Promocijas darba ir izveidots inovativs gridas apsildes ar diimgazém, risinajuma
apraksts, kurs, salidzinajuma ar Iidz Sim plasak pielietojamiem gridas apsildes
veidiem, ir iev@rojami vienkarsaks, 18taks, efektivaks un apkartgjai videi nekaitigaks.

Visam nepiecieSamajam kurinama daudzumam intensivi, pilnvertigi un
vienlaicigi sadegot, ieverojami saisinas degSanas ilgums, Iidz ar to samazinas kopa ar
diimgazeém izvadita siltuma zudumu daudzums. Dimgazes satur ievérojami mazak
kaitigos piemaistjumus. Promocijas darba p&tamais objekts ir gridas apsilde ar
Sahtam, kuras ka siltumnes€ju izmanto siltumu saturosas diimgazes. Tiek iegiits
maksimali iesp€jamais siltuma daudzums no Kkurindma, paaugstinot apsildes
lietderibas koeficientu, Iidz ar to samazinas sadedzinama kurinama daudzums,
veicinot ekonomisko un ekologisko efektivitati. Kurinama iegliSanai mazak tiek
izmantota augosa biomasa, kas sava dzives cikla laika fotosint€zes procesa oglskabo
gazi parstrada skabekli.

TieSa siltuma parnese no diimgazém uz apsildamajam betona panelu gridam
paaugstina siltumparvades efektivitati un vienkarso apsildes sisteémas uzbtvi. Siltumu
akumul&josa betona parsegumu grida apsildamaja telpa ilgstosi uztur nepiecieSamo
mikroklimatu. Diimgazes tiek atdzes@tas Iidz ievérojami zemakai temperatiirai, tas
tiek attiritas vairakos veidos, ka rezultata samazinas apkartgjas vides piesarnojums
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salidzinajuma ar tradicionaliem apsildes veidiem, izmantojot tadu pasu kurinamo.
Izmantojot piedavato apsildes veidu, iegtita siltuma daudzumu daudz mazak ietekmé
mituma daudzums, kas atrodas sadedzinamaja kurinamaja, jo lielaka dala patérétas
siltumenergijas, kas nepiecieSama mitruma iztvaic€Sanai, tiek atglita mitrumam
kondensgjoties zemgridas Sahta un atdziestot. Tiek atgiits arT siltums no iztvaiceta
tdens, kas veidojas kTmiskaja procesa, sadegot koksnei.

Gridas apsildei ar dimgazém nav nepiecieSamas atseviskas dimgazu
atdzesgSanas, attirianas un citas sareZgitas ierices. To ir iesp&ams apvienot ar
partikas produktu kiipinasanu vai biomasas atkritumu kvalitativu utiliz€Sanu un
efektivu siltuma izmantoSanu. (Plume et all., 2006.)

Teorgtiski un eksperimentali ieglistot informaciju par kurinama sadedzinaSanas
iekartas termodinamiku, dimgazu vid&jo temperatiru un pliismas atrumu, veikti
apsildamas telpas un betona panelu gridas uzsilSanas un atdziSanas dinamikas
aprékini. Izveidotais matematiskais modelis tiek parbaudits, salidzinot iegiitos
aprékinu datus ar eksperimentdlo pétfjumu rezultatiem. Apkopojot iegiito
informaciju, izstradata metodika optimalai apsildes veida izvélei dazadam prasibam
un finansialajam iesp&jam.

PETIJUMA MERKIS UN UZDEVUMI

Pétijumu meérkis ir izstradat teorétisko pamatojumu un praktiskos risinajumus

gridas apsildei ar minimaliem ievieSanas un ekspluatacijas izdevumiem, saglabajot
augstu komforta 1Tmeni, ka energijas avotus izmantojot Latvija I&takos kurinamos ar
samazinatu videi kaitigo izme$u daudzumu.

Promocijas darba uzdevumi

1. Salidzinat da7adus kurinamo veidus atkariba no to ekologiskajiem,
tehnologiskajiem, ekonomiskajiem, komforta un citiem faktoriem.

2. Izvertet plasak pielietojamo sildkermenu veidu 1pasibas un to raditos mikroklimata
apstaklus.

3. Izveidot gridas apsildes konstrukciju un izstradat matematisko modeli, ar kura
palidzibu bitu iesp&jams izpétit apsildamas gridas siltumdinamiskos procesus.

4. Izgatavot eksperimentalus modelus promocijas darba izstradatajam gridas apsildes
risinagjumam, kuram, salidzinajuma ar esoSajiem gridas apsildes veidiem, bitu
mazaki ievieSanas un ekspluatacijas izdevumi, iegiits maksimals siltuma daudzums
un samazinati kaitigie izmesi.

5. Izstradat promocijas darba izpétitas gridas apsildes veida praktiskas ievieSanas

principus.



PETIJUMA METODES UN ZINATNISKA NOVITATE

Pétijumi saskana ar izvirzito mérki un uzdevumiem tika veikti ar matematiskam,
datora model&Sanas un fizikali-eksperimentalam datu iegliSanas metodém. P&tijumu
metoZu mérkis ir energoefektivas apsildes izveidoSana, kurai apsildamas betona
panelu gridas uzsilSanas un atdziSanas dinamikas parametri tiek aprékinati ar
promocijas darba izstradata matematiska modela palidzibu.

Teorétisko aprékinu un eksperimentalo pétfjumu veikSanai izmantots dators ar
nepiecieSamo programmu nodroSinajumu. Mérfjjumu veikSanai ir izmantoti sertificéti
termopara multimetri, infrasarkano staru temperatiiras nolasiSanas mérinstruments un
taimeris. Eksperimentalie petijumi veikti divos objektos.

Promocijas darba zinatniska novitate
1. Izstradats betona panela uzsilSanas un atdziSanas siltumdinamiska procesa

matematiskais modelis, kas lauj noteikt apsildama betona panela temperatiiru

dazada dziluma, atkariba no temperatiiram abas panela pusgs.

2. Veikta inovativa gridas apsildes ar dimgazeém risinajuma teor&tiska un praktiska
izstrade.

3. Izveidota gridas apsildes ar dimgazem ievieSanas metodika.

4. Sastadits gridas apsildes ar dimgazém ievieSanas un ekspluatacijas
ekonomiskais pamatojums.

ZINATNISKA DARBA APROBACIJA

P&ttjumi veikti laika posma no 2000. Iidz 2008. gadam. Iegiitie rezultati apkopoti

6 publikacijas, kas atbilst Latvijas Zinatnes padomes visparatzito zinatnisko

izdevumu prasibam:

1. Apsildes sistému energoefektivitates noveértésana, izmantojot programmu Energypro.
Starptautiska zinatniska konference ,,Zinatne lauku attistibai”. Latvija, Jelgava,
LLU, 23.-25. maijs, 2001.

2. Zemgridas apkures pétfjumi, ka siltumnesgju izmantojot dimgazes. Starptautiska
zinatniska konference ,, InZenierproblemas lauksaimnieciba”. Latvija, Jelgava, LLU,
2.-3. junijs, 2005.

3. Savrupmaju apkures sistému salidzinajums. Starptautiska zinatniska konference
,, InZenierproblémas lauksaimnieciba”. Latvija, Jelgava, LLU, 2.-3.jiinijs, 2005.

4. Infrasarkano staru temperatiiras nolasiS8anas mérinstrumenta precizitates pétijums.
Starptautiska zinatniska konference ,, InZenierproblémas lauksaimnieciba”. Latvija,
Jelgava, LLU, 2.-3. junijs, 2005.

5. Betona panela termodinamika zemgridas apkur€, izmantojot diimgazes. Starptautiska
zinatniska konference ,,InZenierproblémas lauksaimnieciba”. Latvija, Jelgava, LLU,
2.-3. junijs, 2005.

6. Integrated Unit for Utilization of Biomass Energy in the Rural Farm. International
scientific conference ,,Engineering for Rural Development”. Latvia, Jelgava, Latvian
University of Agriculture, 18-19 May, 2006.



IEGUTIE REZULTATI UN ZINATNISKA DARBA
PRAKTISKA NOZIME

Izmantojot promocijas darba izstradato matematisko modeli, var iegit ar
dimgazém apsildama gridas betona panela siltumdinamisko procesu datus. Atkariba
no tiem var izveleties optimalu apsildamas gridas laukumu, siltumietilpibu, kurtuves
jaudu un citus apsildamas €kas v€lamo mikroklimatu nodro§inoSos konstruktivos
risinajumus.

Izverteti dazadu kurinamo ekonomiskie, ekologiskie faktori un pielietojuma
iespgjas. Salidzinata dazadu sildkermenu ietekme uz komforta apstakliem
apsildamajas telpas. Apkopojot iegiito informaciju, izstradata ar zemam izmaksam
ievieSama un ekspluatéjama, ekonomiska, komfortabla un apkart&jai videi labveliga
gridas apsilde ar dumgazém. Ta darbojas bez sarezgitam elektroniskam vadibas
iekartam, darga konstruktiva izpildijuma un cita uzbiives un ekspluatacijas izmaksas
paaugstinosa aprikojuma.

Petijumu rezultati salidzinati ar teor&tiskajiem aprekiniem. Eksperimentala
objekta izgatavoSanas laika tika uzlabotas celtniecibas, sildiekartu, kiipinatavas,
skurstena, velkmes, dimu Sahtas tiriSanas, un citu teor€tiski izstradato risinajumu
tehnologijas. Apsildes sistémas risinajums tika pilnveidots un ieviests prakse.
Praktiski pieraditas petama apsildes veida prieksrocibas salidzinajuma ar tradicionali

pielietojamiem.
Gridas apsilde ar dimgazem var tikt izmantota €ku apsildei, uzturot un veicinot
ekologiski tiru vidi. Sadedzinot atjaunojamas energijas avota — biomasas

parpalikumus, kas nesatur indigas vielas virs pielaujamas koncentracijas, un
kvalitativi attirot izmeSus. Izstradatais un izpétitais apsildes veids var tikt izmantots
pirtim un garazam, jo tas ir eksperimentali parbaudits. To ir iesp&ams apvienot ar
partikas produktu kiipinasanu vai biomasas atkritumu kvalitativu utiliz€Sanu un
efektivu siltuma izmantoSanu.

Pétijumu rezultata izstradatais patents

1. Latvijas Republikas patentu valdé 2006. gada sanemts patents par
promocijas darba izstradato un pétito apsildes sisttmu ,,ZEMGRIDAS
APSILDES SISTEMA, KURA KA SILTUMNESEJS TIEK IZMANTOTAS
DUMGAZES”. Patenta numurs LV 13445 B. Int.Cl F24D7/00. Publikacijas
datums 20.06.2006.



ZINATNISKA DARBA STRUKTURA

Pirmaja nodala analiz&ti dazadu kurinamo veidi, to ietekme uz apkartgjo vidi un
ta rezultata izraisitajam sekam.

Otraja nodala apskatiti Latvija plasak pielietojamie telpu apsildes un
siltumizoléSanas veidi. Izvertets izveidojusSos izmeSu sastavs dazados kurinama
sadedzinasanas reZimos un to neitralizéSanas pag€mieni. Formuléts p&tijumu mérkis
un uzdevumi.

TreSaja nodala salidzinatas Latvija plasak pielietojamo apsildes veidu un
sildkermenu priekSrocibas un tritkumi. Iegiita informacija izmantota, lai izstradatu
inovativu apsildes veidu, kura biitu apvienotas labakas esoSo apsildes veidu 1paSibas,
bet samazinati vai izslégti to triikumi. Izveidots matematiskais modelis, kas lauj
noteikt apsildamas betona gridas silSanas parametrus. Veikti ar dimgazem apsildama
betona panela termodinamiskie aprekini.

Ceturtaja nodala aprakstita gridas apsildes ar dimgazém eksperimentalo objektu
uzbtive un eksperimentalie p&tfjumi.

Piektaja nodala veikta eksperimentali iegiito datu apstrade un ievieSanas izmaksu
ekonomiskie aprékini.

Sestaja nodala aprakstita gridas apsildes ar diimgazem ievie$ana jaunas un esosas
ekas. Apskatiti §a apsildes veida darbibas principi un 1pasibas.



1. AR DUMGAZEM APSILDAMA BETONA PANELA
TERMODINAMISKIE APREKINI

Sie aprékini tiek veikti, lai noteiktu gridas parseguma betona panelu sil$anas
parametrus nestacionara reZima, ka siltumnes€ju izmantojot karstas diimgazes, kas
izplust ko kurtuves un tiek padotas zemgridas Sahta. Ta sastav no siltumizol&tas
grunts un betona konstrukcijam, parklatam ar apsildamajiem betona paneliem. Tas
dod iespgju paredzet apsildama betona panela uzsilSanas un atdziSanas temperattiras
dinamiskas izmainas laika dazados dzilumos, atkariba no karsto dimgazu ieplides un
atdzes€to diimgazu izpludes vidgjas temperatiiras, to pliismas atruma, apkartgjas
vides sakuma temperatiiras un citiem parametriem. legiita informacija var tikt
izmantota pareizai kurinama daudzuma izvélei, ta sadedzinasanas intensitates un
ilguma regul&Sanai, nodroSinot v€lamos apsildamas telpas mikroklimata apstak]us.

Lai izvairitos no sarezgitiem dotas apsildes sistémas temodinamikas nestacionara
procesa aprékiniem, tika pienemtas stacionaras vid&jas betona parseguma panelu
termodinamiskas Ipasibas, videéja dimgazu temperatira un pliismas atrums. Tiek
pétita siltuma pliisma gridas betona parseguma panelos — to uzsilSana un atdzi$ana.

1.1. Betona panelu gridas uzsil§anas dinamikas apréekini

Gridas betona panelu biezums - 0.22m. Tie tiek uzsilditi ar dimgazem, kas plust
pa zemgridas telpu (1.1.att.).

oT
Y A =aa|  -T)
ox w=H
H x=H
Betona panelis
T|, =1
Dumgazes IR oT
8 A5 =e@-T|
a'x x=0 .

1.1.att. Betona panela uzsil§anas aprékinu shéma

Pienemam, ka betona silSanas process paklaujas nestacionarajam siltuma
vadiSanas vienadojumam:

2
aI_, 9T, (D
a7 ox
kur: a - temperatiiras vadiSanas koeficients, m%/s, a=

/?';
cp




T — temperatiira betona panelu grida, °C;

7— laiks, s;

x — koordinate, m;

/. — betona panela siltumvaditspéjas koeficients, W(m-K)™;
¢ — betona panela Tpatngja siltumietilpiba, J(kg-K)™";

p — betona panela blivums, kg-m™.

Problémas formuléSanai nepiecieSams sastadit robeZnosacijumus. levérojot to,
ka gaisa un diimgazu plisma gar panela virsmu ir konvektiva, lietojam 3. veida
robeZnosacijumus :

oT

—ﬂg)mo = aa(’T] _T‘xzo)’ (2)
oT

-A— =a/T|_, -T,)> 3)
ox|,_y =H

kur: T, - apkartgja telpas gaisa temperatiira, °C;
T; — dimgazu vidgja temperatiira, °C;
«, — betona gridas panela apaksg€jas virsmas siltuma atdeves
koeficients, W(m>K)™;
o, — betona gridas panela augsgjas virsmas siltuma atdeves
koeficients, W(m>K);
H — betona gridas panela biezums, mm.

Ta ka betona gridas panelis pirms uzsilSanas vienu diennakti ir atradies
apkartgjas telpas temperatiira, tad §im gadijumam sakuma nosacijums ir forma:
T\, =T, “)
kur: T, - telpas gaisa temperatiira pirms uzsildiSanas, °C.
Izteiksmes 1,2,3.4 veido matematiskas fizikas problému (turpmak probléma).
Problému (1-4) atrisinam ar mainigo atdaliSanas metodi.
Tas pamatideja ir atrisinajumu konstrugt ka bezgaligu rindu, kuras katrs loceklis

ir funkciju reizinajums, kura katrs reizinatajs ir atkarigs no sava argumenta. Saskana
ar to, atrisinajumu mekl&jam forma:

T(x;7)=Ax+B+Y U (0)V,(x) = Ax+ B+ Y Ae “sin(ux+¢,)> 5
k k

kur funkeijas y, (r)= 4 ir atkarigas tikai no argumenta 7 (laika), bet funkcijas

V. (x) = sin( W, x+@,) ir atkarigas tikai no koordinates x.

10



Ta ka robeZnosacijumi (2-3) nav homogeni, tad problémas risinajumu mekle
forma (5) ka loceklu summu. Pirmaja locekli Ax+B koeficientus A un B izvélas ta, lai
robeznosacTjumi (2,3) kliitu homogéni:

A= I, - T, :_Tl_To. 1 , (6)
A A H A H
e S S —
a, o A a, a,
A T, -T 1 . 7
B=T + 2 A=T —-—1—"0. — (7
a a 7+7+7
a, o A

Ievietojot atrisinajumu (5) robeZnosacTjuma (2), atrod konstanti ¢:

A-u, -H
¢k arctg a.H

Ievietojot atrisinajumu (5) robeZnosacijuma (3), iegiist transcendentu
vienadojumu Tpasvertibu y; noteikSanai :

luk H|:l+ﬂ’:|

to (i - H) = o-H o, -H
8 |:/1~,Uk'H./1'/uk'H_1:|

)

o -H a,-H
No sakuma nosacijuma (4) nosaka konstanti A;:

Sin(ﬂkH T )
H

k

2{(T2 - B)[cos(pk —cos(u H + ¢, )]—AH{ —cos(u,H + ¢, )}} .(10)

A =

W H 1_sin2(,ukH+¢)k)—sin2(pk
‘ 2u.H

Siltuma atdeves koeficientu a,=10 W(m*K)"' nosakam péc Latvijas standarta,
2000, bet

aa = akonv + a{.sl ’ (1 1)
kur: oy, — konvektiva siltuma atdeves koeficients;
Oy — starojuma siltuma atdeves koeficients.
Oony atrodam, vid€jojot Lacko formulu laminarai un turbolentai plismai:
1
5 Y )5
@, ==0.0285p, c 0 =~ | (12)
4 wl
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kur: p, - standarta betona parseguma panela blivums, kg-m™;
¢, —diumgazu siltumietilpiba, J(kg-K)';
@ - dimgazu plismas atrums, m-s;
¢% - dumgazu kinematiskas viskozitates koeficients, m2>-s;

| —dumgazu konvekcijas efektivais plismas garums, m.
o, =4€5T°, (13)
kur: & - vidgjais diimu Sahtas pelekuma koeficients, €= 0.8;

J0 - Stefana Bolcmana konstante, 5= 5.67-10° W(m>K*;

T - vidgja dimgazu temperatiira $ahta, K.
Atrisinajums matematiski ir iegiits pie sekojosam parametru vertibam:

Ty=20°C — telpas temperatiira pec uzsilSanas;

T,=95°C — diimgazu vidgja temperatira;

T,=7°C — telpas temperatiira pirms uzsilSanas;

J=0.8 Wm-K)"'  — vidgjais siltumvaditsp&jas koeficients betona
panelim;

a,=14.6W(m-K)"' - siltuma atdeves koeficients no diimgazem uz
apsildamas gridas apaksgjo virsmu;

a,=10W(m-K)" — siltuma atdeves koeficients no apsildamas gridas
augsgjas virsmas uz apsildamo telpu;

H=0.22m — betona panela biezums.

1.2. Betona panelu gridas atdziSanas dinamikas aprekini

Partraucot sildiSanu, iestajas atdziSanas faze, kuru aprékinam ar nakamo
matematisko modeli (1.2.att.). Salidzinot ar sil§anas fazi, mainas robeZnosacijums (3)
un sakuma nosactiums (4).

X
&
Gy
Grida e o, (T],_ = Tod
H z=-H
Betona panelis
0 SPRL Y . T

1.2.att. Betona panela atdziSanas aprékinu shema
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Tagad robeZnosacijumu (3) aizstajam ar:

_,1? =a, (T, _T‘,r:O)’ (14)

X x=0

kur: T;-— dimgazu Sahtas vid&ja temperatiira pec kurinasanas
partrauk$anas,’C.
Tas nepiecieSams, jo temperatiira $ahtd mainas no T, uz T;. RobeZnosacijums (3)
saglabajas. Ta ka betona gridas panelis pirms atdziSanas ir bijis uzsildits, tad sakuma
nosactijums ir pierakstams forma:

T‘rzoszﬂf(to;x)’ (15)

kur: Ty (29;x) — temperatiiras sadalijums paneli, °C;
ty — panela sildi$anas laiks, s.
Izteiksmes 1,3,14,15 veido matematiskas fizikas problému. So problému
atrisinam ar mainigo atdaliSanas metodi, kuras atrisinajumu mekl&jam forma:

T, =Cx+D+Y Cre ™ sin(ux+¢)- (16)
k

Ta ka robeZnosacijumi 3-14 nav homogeni, tad probléemu homogeniz&jam ar
sekojosam izteiksmém koeficientiem C un D:

c=_L-T 1 ; a7
a, o A
p-r,- L1, 1 . (18)
all 7+7+£
a, o A

Sakuma nosacijums, saskana ar (15) un (5):

T|, =T (13%) = Ax+ B+ A e ™ sin(u x+9,) (19)

dod iespgju noteikt C;*

sin(¢, H +¢@,)—sing,
2H

C = uH

k= (A-0) '

nH - sin(2u, H +2¢,) —sin 2¢,
2u,H

{— cos(, H+ @, )+
+
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2[cos @, —cos( 4, H +(pk)] LA (20)
k

+(B-D)
sin(2u,H +2¢,)—sin 2¢,
u H|1-
2u.H

Ievietojot matematiska modela formulas skaitlus:

A=0.8 H=0.22 To=20 T5=50
0,=14.6 c=1000 T,=95 x=0+0.22
a,=10 p=1000 T,=7

ieglistam betona gridas sildpanela uzsilSanas un atdziSanas dinamikas liknes
dazados panela dzilumos.

1.1.tabula

Ar damgazém apsildama betona panela siltumdinamiskie procesi

Betona temp. Uz Betona temp. Betona temp. uz
Laiks, gridas virsmas, panela vidd, apaksgjas virsmas,
min °C, x=0.22 (100%)| °C, x=0.11 (50%) °C, x=0 (0%)

0 7.03 7.00 7.52
30 11.80 9.21 97.93
60 13.34 18.79 116.39
90 15.59 29.74 127.01
120 18.78 39.85 134.31
150 22.44 48.82 139.80
180 26.19 56.72 144.16
210 29.80 63.67 147.75
240 33.16 69.81 150.77
270 36.22 73.59 82.68
330 40.00 67.46 64.35
390 39.55 60.47 57.84
450 37.54 55.06 54.42
510 35.44 50.88 52.22
630 32.15 45.11 49.48
750 30.06 41.59 47.87
870 28.78 39.44 46.90
990 27.99 38.13 46.30

14



Ka redzams no 1.1. tabulas, sildot betona paneli ar diimgazém, kas plist laiku
1y=240 miniites zem ta pa Sahtu, un tad partraucot sildit, dimgazes uzsilda betona
panela virsmu Iidz 33C°. Nemot véra apsildama betona panela uzsilSanas inerci,
virsmas silSanas process turpinas lidz #,=360 minitém kopS$ kurinaSanas sakuma,
kura laika betona panela virsma uzsilst lidz 40°C un péc tam sak 1énam atdzist
(1.3.att.).

160
140
120
100

80 4

lemperallra, “C

60

40

20 4

0

100 200 300 400 500 600 700 800 900 1000

t, min

TR

—— 12, x=0.22 (100%) —s—1°, x=0.11 (50%) ——t°, x=0 (0%)
3.att. Betona gridas sildpanela uzsilSanas un atdziSanas dinamika panela vidi, uz
augséjas un apakséjas virsmas

Izstradatais matematiskais modelis atlauj modelét So procesu un noteikt
optimalos laikus 7, un #;. Nemot véra dotos panela izm&rus un sildiSanas
siltumtehniskos parametrus, optimalais kurinaSanas laiks viena cikla ir 240 mintes.
Siltuma inerces d€] panela virsmas silSana turpinas vél 120 mindtes. Matematiskais
modelis dod iesp&ju noteikt silSanas un siltuma inerces laiku jebkadas citas siltuma
akumulacijas konstrukcijas. (Iljins u.c., 2005.)
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2. PATENTETAS GRIDAS APSILDES AR DUMGAZEM
UZBUVE UN DARBIBAS PRINCIPS

Apsildes sistemas konstrukcija. Apsildes sisteémas konstrukcijas principialais
risindjums attélots 2.1. un 2.2. attélos. Ekas pamatos iebiivéts ara gaisa ievads 1,
zemgridas Sahtas tiriSanas lukas 21, un dimgazu kondensata 22 sifonveida izvads 13.
Ieksgja grunts parklata ar siltumizol&joSo putu polistirola slani, kura biezums mainas
proporcionali diimgazu temperatiirai zemgridas Sahta, virs ta pamatu iek3gjais
perimetrs parklats ar termoizturigu siltumizol&josu materialu 6, ar mehaniski izturigu
parklajumu, veidojot slipumu kondensata novadiSanai uz diimgazu kondensata
kolektoru 11. Uz grunts siltumizolacijas novietotas dimgazu barjeras 18. Visa
dimgazu Sahtas 5 ieksgja virsma, ieskaitot gridas parseguma panelu 4 apaksgjo
virsmu, ir parklata ar gludu, termiski izturigu un mitruma necaurlaidigu silikata ltmes
parklajumu 8. Uz parseguma paneliem novietota kurtuve 3, kurai caur liku 17
pievienots ara gaisa ievads 1 un varsts 2. Dimgazu izvads no kurtuves atrodas
diimgazu Sahta 10. Gridas parseguma paneli parklati ar hermétisku siltumizolacijas
parklajumu 9. Diimgazu un kondensata filtri 12 atrodas kolektora 11 un dimgazu
izvada no Sahtas 20. Skurstent 16, kas atrodas kurtuvei pret€ja pusé apsildamaja telpa
iemontéts varsts 15 un dimsiiknis 14. Ekas arsienas biivétas no siltumizolgjosa
materiala vai no arpuses nosiltinatas ar siltumizolaciju 19 atbilstosi Latvijas Standarta
prasibam.

= - \IL_

2.1.att. Patentétas gridas apsildes ar diimgazém, sanskats:
1 — ara gaiss; 2 — gaisa padeves varsts; 3 — kurtuve ar dimgazu cauruli un liesmu
slapésanas sietu; 4 — gridas parsegumu paneli; 5 - zemgridas dimgazu Sahta;
6 — termiski noturiga no mitruma aizsargata siltumizolacija; 7 — mitrumizturiga
siltumizolacija; 8 - termoizturigs un mitrumizturigs parklajums; 9 — izolgjosais
parklajums; 10 — dimgazes; 11 — kondensata kolektors ar filtréjoso reagentu grozu; 12 —
diimgazu un kondensata filtri; 13 - sifons kondensata izvadiSanai;
14 — dumsiiknis; 15 — varsts; 16 — skurstenis

16
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2.2.att. Patentétas gridas apsildes ar duimgazem, virsskats:
1 - ara gaiss; 10 — diimgazes; 17 — Sahtas tiriSanas liika; 18 — diimgazu barjeras;
19 - ekas areja siltumizolacija; 20 — dimgazu izejas lika uz skursteni; 21- Sahtas

tirisanas likas; 22 — kondensats

(000000000000000¢0)
STHIEILITEIRTILS

Apsildes sistemas darbibas apraksts. Pirms iekurSanas atver varstu 15. Ja
nepiecieSams, iedarbina diimsiikni 14, veidojot pietieko$u maksligo velkmi. Ara gaiss
1 tiek ievilkts kurtuve, ta padevi regulg ar varstu 2. Kurinamais sadeg kurtuvé 3. No
kurtuves diimgazes tiek novaditas zemgridas Sahta. Diimgazes atdod siltumu gridas
parseguma paneliem, barjeras 18 vienmérigi sadala tas pa visu apsildes Sahtu.
Dumgazu Sahtas iek$gjas virsmas gludais, termiski un mitruma izturigs parklajums 8
nodrosina biivkonstrukciju mitrumaizsardzibu, samazina diimgazu pliismas berzi un
aizaugSanu ar kvépiem. Atdziestot diimgaz€m, izveidojies kondensats 22 tiek
novadits uz kolektoru 11. Visas apsildamas gridas virsmas parklajums ar attieciga
biezuma siltumizolaciju 9 nodro$ina pret diimgazu ieklaSanu telpa un izlidzina gridas
virsmas temperatiru, nodroSinot pret parkarSanu, it Ipasi ap apsildes iekartu.
Kurtuvei pretgja apsildamas telpas pusé atrodas skurstenis 16, kas var tikt aprikots ar
partikas kiipinaSanas skapi un dumgazu filtru. Vajadzibas gadijuma, pabidot sanis
skursteni, var iztirit kolektoru 11 un nomainit filtrus 12, tad€] tas novietots zem
skurstena Sahtas pamatné. No kondensata kolektora kondensats tiek izvadits caur
sifonu 13. Liikas 17, 20, 21 izmanto dimgazu $ahtas tiriSanai (Visockis, 2006).
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3. EKSPERIMENTALIE PETIJUMI APSILDEI AR
METALA KRASNINU UN IZSTRADATAJAI GRIDAS
APSILDEI AR DUMGAZEM

Eksperimentalo pétijumu meérkis un uzdevami
Petijumu merkis ir praktiski parbaudit, salidzinat un noteikt siltumdinamisko
procesu datus krasns un teor&tiski izstradatas ar dimgazém apsildamas betona gridas
risindjumam.
Pétijumu uzdevumi:
1. Izstradat petijumu metodiku;
Sagatavot visus eksperimentu veikSanai nepiecieSamos apstaklus un
instrumentus;
3. Veikt eksperimentalus mérfjumus krasns apsildei;
4. leviest dazadus ar dimgazem apsildamo gridu risinajumu variantus, lai praktiski
parliecinatos par to darbibu;
Veikt eksperimentalus mérijumus ar dimgazem apsildamai gridai;
6. Veikt eksperimentalo merfjjumu datu sistematiz€Sanu un matematisko apstradi.

e

3.1. Gridas apsildes ar diimgazém ievieSana eksperimentilaja objekta Nr.1

Ir iesp&jami dazadi risinajumi aprakstitas sistémas izveidoSanai. Dotaja gadijuma
eksperimentalie pétijumi tika veikti autoremontdarbnica, kur tika izveidota apsildes
sisttma ar dimgazu plismu zem garazas gridas. Apkures krasns izvietota
remontbedré. Diimgazes no kurtuves caur remontbedres betona sienu tiek ievaditas
telpa zem gridas betona parsegumu paneliem (3.1.att.). To augstums virs grunts
virsmas vid&ji 200 mm. Kopgjais apsildamo panelu laukums ir 12m’. Diimgazu
efektivakai siltumatdevei zemgridas telpa ir iebuvétas divas Skerssienas ta, lai
dimgazes apskalotu visu apsildamo laukumu. No zemgridas telpas atdzisusas
diimgazes izvada caur metala skursteni, kas iet cauri telpai, atdodot siltumu telpas
gaisam. (Visockis u.c., 2005.)

Gridas apsildes ar dimgazém eksperimenta metodika

1. Eksperimentalo pétfjumu objekta tika noteikts norobeZojoSo konstrukciju
laukums, uzbtive un materiali, to siltumtehniskie parametri.

2. Uz apsildamas dzelzsbetona panelu gridas virsmas ar laukumu 12m?’, zem kuras
plust diimgazes, tika atzimé&tas eksperimenta laika méramo temperatiiru vietas
(44 nolastjuma punkti).

3. Eksperimenta gaita tika noteikts sadedzinatas malkas tilpums, masa un mitrums.

4. Pirms eksperimenta sakSanas ar termopara multimetru tika nolasita ara gaisa,
telpas gaisa, sakotngja temperatiira kurtuvé (A) un gaisa temperattira skurstena
gala (B), ar infrasarkano staru termometru gridas virsmas temperatiira 44
atzimétajas vietas. (Visockis. Infrasarkano..., 2005.)
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5. Kurtuve tika piepildita ar 0.021m?’ jauktu koka $kirnu malku, uzsakts kurinaSanas
process un sakta laika atskaite.

6. Eksperimenta gaita ik péc noteikta laika intervala tika nolasitas temperatiiras 2.
punkta noraditajas vietas un uzpildita kurtuve. Rezultati apkopoti 3.1.tabula.
Identiska metodika tika izmantota ar1 turpmakajos eksperimentos.
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3.1.att. Eksperimentala objekta Nr.1 apsildes shéma
ar atzimétajam temperatiiras mérisanas vietam uz virsmas (Visockis uc., 2005.)

Saja sistema diimgazu siltums tiek gandriz pilnigi izmantots, par ko liecina to
temperatiira skurstena izeja (3.1.tab.), savukart siltuma zudumu caur krasninas
virsmam nav, jo viss siltums paliek telpa, tatad tiek izmantots lietderigi.

Vidgja dumgazu temperatira diimgazu Sahta eksperimenta laika tiek aprékinata,
summgjot diimgazu iepliiSanas un izpliiSanas temperattiras radijumus un izdalot ar to
skaitu. legiito vidgjo temperatiiru visa eksperimentalo datu nolasiSanas laika (95°C)
ievada matematiskaja modeli un iegiist teorétisko gridas virsmas vid€jo temperattiru
(skat.3.1.tabulu un 4.1.att.). Salidzinot teor&tiski un praktiski iegtito datu likni, tiek
noteikta matematiska modela precizitate.
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3.1.tabula

Gridas apsildes ar dimgazeém, eksperimentala objekta Nr.1 mérijjumu
rezultati un to salidzinajums ar matematiska modela datiem

Laiks, | Ara [lekrautds | Telpas | Diimgazu |[Diimgazu | Praktiski | Teoretiski
Gaisa | Malkas | Gaisa temp. temp. |ieg. gridas | ieg. gridas
temp., |daudz., | temp., fizplistot no |skurstena yirsmas vid.|virsmas vid.
kurtuves, izeja, temp. temp.
min. | T, °C m’ T,, °C Ty, °C Ty, °C Te, °C To, °C
0 7 0.0210 13 13 13 13.9 13.0
60 6 0.0284 23 210 30 15.3 16.4
100 6 0.0359 26 240 34 16.8 17.9
150 7 0.0433 27 255 32 18.6 204
180 6 0.0515 28 249 38 204 22.1
220 7 0.06 31 240 35 22.1 24.1
280 6 0.06 27 140 24 25.0 26.8
460 7 0.06 25 60 16 26.9 27.7
640 6 0.06 23 54 14 242 25.9
880 6 0.06 21 42 13 22.7 24.1
1180 6 0.06 16 21 12 19.1 20.34
35 0.07
*
30 0.06
ﬁ
* FY
25 - = 0.05
- // ////' \Q\\ "g
i / //// N\ e
£ 15 1 L 003 Z
E—~ 4 E"’ﬂ
10 0.02
5 0.01
0 t i f f T } t t 0
0 60 100 150 180 220 280 460 640 880 1180
Laiks, min
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3.2.att. Gridas virsmas un telpas gaisa t° atkariba no ara gaisa t°
un iegiita siltuma daudzuma, sadedzinot malku
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— Diimgzu temperatiira izplistot no zemgridas sahtas

—4— Diimg3zu temp eratira ieplistot zemgridas $ahta

3.3.att. No kurtuves un zemgridas Sahtas izpliistoSo diimgazu temperatiira

No 3.1. tabulas un 3.2. att€la redzams, ka, pieaugot malkas pat€ripam no
0.021m’ Iidz 0.06m’, telpas gaisa temperatiira proporcionali palielinas no 13 lidz
31°C un gridas virsmas maksimalais temperatiiras pieaugums ir no 13.9 lidz 26.9°C.
P&c kurinasanas beigadm, kad malkas patérin$ vairs nepieaug, redzams, ka telpas un
gridas virsmas temperatiira pakapeniski samazinas. P&c 20 stundam telpas gaisa
temperatlira ir samazinajusies 1idz 16°C un gridas virsmas temperatiira samazinajas
lidz 19.1°C. Temperatiiras mérijumi pirmo astonu stundu laika tika veikti svarstigas
argjas gaisa temperatiiras apstaklos. Tacu $is svarstibas maz iespaido siltuma pliismas
sadalfjumu no siltuma avota, jo praktiski vienadi ietekme gan plismu no gridas, gan
plismu no krasns virsmas.

Vertgjot 3.3.attelu, var redzet, ka dimgazes zemgridas Sahta intensivi atdziest,
atdodot ievérojamu siltuma daudzumu apsildamajai betona gridai.

3.2. Krasns un gridas apsildes ar dimgazeém
siltumdinamisko parametru salidzinajums

So pétijumu mérkis ir salidzinat krasns (3.4.att.,3.2.tabula) un gridas apsildes ar
dimgazem (3.6.att.,3.3.tabula) siltumdinamiskos parametrus ar vienadiem
apsildamas ¢€kas tilpuma, norobeZojoSo Kkonstrukciju, sildiekartas uzbiives,
izvietojuma, kop&ja kurinama paterina un citiem identiskiem datiem.
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3.4.att. Ar krasni apsildama eksperimentala objekta Nr.2
temperatiiru nolasijuma vietas:
1 — uz gridas; 2 — 300 mm virs gridas; 3 — pie griestiem; 4 —dumrovi

3.2.tabula

Objekta Nr.2 krasns apsildes eksperimentali noteikto mérijjumu
vidé&jie rezultati

Eksperi Sadedzin. Vidgjie temperatiras radijumi, °C
m. malkas tilp., | Ara | Uz | 300 mm |Augigjais| Uz metala
laiks, m’ gridas | augstumal gaisasl. | dimv.
min
0 0.023 0 0 0 0 0
30 0.023 0 0 8 30 250
60 0.035 0 0 10 60 330
90 0.035 0 1 15 80 430
120 0.044 0 1 16 85 420
150 0.044 0 2 16 90 380
180 0.06 0 3 17 95 300
210 0.06 0 3 17 101 205
240 0.06 0 4 18 90 150
270 0.06 0 5 18 85 120
300 0.06 0 6 19 80 90
330 0.06 0 6 20 70 65
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3.5.att. Ar krasni (K) apsildama eksperimentala objekta Nr.2
temperatiiru nolasijuma liknes

Eksperimentalaja objekta ka apkures veids tiek izmantota metala krasns.
Rezultatu ticamibas nodro§inasanai eksperiments tika atkartots 5 reizes. Kurinamais
sadeg kurtuve, kas izgatavota no 4 mm biezam metala plaksném. SakarsusT kurtuve
uzsilda 100 kg siltumu akumulg&joSos akmenus. Diimgazes izplist no kurtuves ar
temperatiiru, kas sasniedz vid&ji 430°C, un tiek novaditas skursteni (3.4.att). Sada
konstruktivaja izpildijuma, lai uzsilditu eksperimentalo objektu no apkartgjas vides
temperatiiras 1idz nepiecieSamajai, atkariba no gadalaika, uzsilSanas ilgums Iidz
vidgjai apsildamas telpas temperattirai 70°C svarstas no 100 lidz 250 minttém. Pie
tam, grida un gaisa slanis apméram 300mm no gridas, kas atrodas zem kurtuves
ITmena, gandriz neuzsilst, saglabajot sakuma temperattiru (3.5.att.). Karstas dimgazes
ar videjo temperatiiru 200°C kurinasanas laika izpliist no kurtuves pa dimrovi un tiek
izvaditas arpus apsildamas telpas, radot ievérojamus siltuma zudumus.

Degsanas procesa sakumfazé no koksnes tiek iztvaic€ts mitrums. Pielietojot
dabisko velkmi, tvaika latentais siltums galvenokart tiek zaudéts. Karstas un mitras
dimgazes tiek intensivi izvaditas atmosféra, radot velkmi un kurinama degSanas
procesu nodroS$inot ar ara gaisa padevi.
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Gridas apsildes ar dimgazeém ieviesana eksperimentalaja objekta Nr.2

Promocijas darba izstradata un eksperimentali parbaudita gridas apsilde ar
dimgazem pielietota pirts apsildei (3.6.att.). Kurtuve ir izgatavota no 4 mm biezam
dzelzs plaksném. Taja ir iemetinata tvertne fidens uzsildiSanai. Kurtuves augseja
virsma ir plakana un vajadzibas gadijuma var tikt izmantota ka plits. Sansiena, kas
versta uz apsildamas telpas vidu, iebuivéta hermétiska termoizturiga stikla pakete. Ta
dod iesp&u noverot degSanas procesu un pieskir kamina vizualo efektu, bet
kurinamais tiek padots no ara. Kurinamais nav janogada apsildamaja telpa. Ta netiek
piesarpota ar gruziem un dimiem, atbrivojas vieta preti kurtuvei, telpa nav jauzglaba
kurinamais, un tas neaiznem vietu. Paaugstinas ugunsdro$iba. Kurtuves durtinas
iebiiveta termoizturiga stikla pakete, bet argja niSa ir aprikota ar estetiski pievilcigu
darza kamina fasadi un papildus siltumizolgjosam durvim, kas novérs siltuma
zudumus uz aru. Sadedzinot atbilstoSu kurinamo, kurtuve var tikt pielietota ka grils
un lietderigi izmantots siltums. Atdzes€tas un attiritas diimgazes plist caur
kiipinatavu un var tikt izmantotas partikas produktu kiipinasanai.

]

3.6.att. Eksperimentala objekta Nr.2 gridas apsildes ar dimgazém shéma:
1 — ara gaiss padeve un varsts; 2 — kurtuve; 3 — ar dimgazém apsildamas zemgridas
Sahtas garais loks; 4 — dimgazu pliismas barjeras; 5 — apsildamas gridas temperatiiras
nolasiSanas punkti; 6 — diimgazu isais loks ar plismas regulésanas varstu;
7 — skurstenis
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Gridas apsildes ar dimgazeém eksperimentalas darbinasanas rezultati

3.3.tabula

Eksper. Vidgjie temperatiiras radijumi, °C
laiks, Ara| Uz (300 mm |Augsgjais Dimrovi noDiimrovi
min gridas |augstuma|gaisa sl. | kurtuves |no Sahtas
0 0|3 3 4 2 2

30 0 |15 10 19 230 25
60 0 |30 15 27 320 45
90 0 |55 17 50 400 55
120 0 | 65 23 76 423 60
150 1 |70 30 107 465 65
180 1 |75 36 123 333 66
210 1 |77 45 125 267 66
240 1 | 80 45 120 187 64
270 2 |78 45 108 130 59
300 2 |72 45 96 91 54
330 1 | 68 40 87 71 49
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3.7. Eksperimentala objekta Nr.2 gridas apsildes ar dimgazém (K+GA)
temperatiiru nolasijumu liknes
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Izmantojot eksperimentala objekta Nr.2 mé&rfjumu datus, salidzinati krasns (K)
(3.2.tab.,, 3.5.att.) un gridas apsildes (K+GA) (3.3.tab., 3.7.att.) veidu
siltumdinamiskie procesi pie vienada kurinama kop€ja patérina un lidzigas sakuma
temperatiiras. Rezultati att€loti 3.8., 3.9., 3.10.att. Tie uzskatami parada papildus
uzstaditas ar dimgazeém apsildamas gridas efektivitati salidzinajuma ar krasns
apsildi, kur karstas diimgazes pa skursteni tiek izvaditas tieSi atmosfera, radot
ievérojamus siltuma zudumus.
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3.8.att. Eksperimentila objekta Nr.2 krasns (K) un gridas apsildes ar diimgazém
(K+GA) augseja gaisa slapa temperatiiru salidzinajums

Attela 3.8. redzams, ka kurinaSanas pirmajas 130 miniites pielietojot krasns un ar
diimgazeém apsildamas gridas risindjumu, aug$ja gaisa slanis uzsilst 1€nak neka
pielietojot tikai krasns apsildi. Tas izskaidrojams ar to, ka aizverot 1so diimgazu
plusmas loku un diimgazes novadot uz zemgridas Sahtu, tas strauji atdziest,
samazinas velkme kurtuve, lidz ar to arT kurinama sadegSanas intensitate. Kad
zemgridas Sahta ir uzsilusi un pieaug skursteni iepliistoSo diimgazu temperatiira,
palielinas velkme. Ta rezultata palielinas gaisa iesiice kurtuveé, kas sak nodro$inat
intensivaku un pilnvertigaku kurinama sadegSanas procesu. Temperatira kurtuvé
strauji pieaug, un apsildamas telpas uzsilSanas dinamika sak apsteigt telpas uzsilSanas
atrumu, salidzinajuma ar krasns apsildi.
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4. SILTUMDINAMISKIE UN EKONOMISKIE APREKINI
GRIDAS APSILDEI AR DUMGAZEM

4.1. Apsildes veidu siltumdinamisko un ekonomisko apréekinu
meérkis un uzdevumi

Aprekinu mérkis ir noskaidrot apsildamajas telpas iegiito siltuma daudzumu,

savstarpgji salidzinot krasns un gridas apsildi ar dimgazeém. Noteikt gridas apsildes
ar dimgazeém ievieSanas ekonomisko pamatojumu.

1.

2.

Aprekinu uzdevumi:

Aprekinat eksperimentala objekta Nr.l apsildamaja telpa iegiito siltuma
daudzumu no apsildamajiem betona gridas paneliem;

Aprekinat un ar matematiska modela palidzibu parbaudit iegiito teorétisko datu
atbilstibu eksperimentalo mérijumu rezultatiem;

Aprekinat un salidzinat teoretiski iegiistamo siltuma daudzumu krasns un ar
diimgazém apsildamas gridas veidiem;

Aprékinat un salidzinat eksperimentali iegiistamo siltuma daudzumu krasns un ar
diimgazeém apsildamas gridas veidiem,;

Aprekinat un salidzinat siltumenergijas izmaksas Latvija biezak lietojamiem
kurinamiem;

Aprekinat un salidzinat Latvija biezak lietojamo apsildes iekartu uzstadiSanas un
ekspluatacijas izmaksas.

4.2. Gridas apsildes ar dimgazém siltumdinamiskie aprékini
eksperimentalaja objekta Nr.1

Maksimalais siltums, ko var iegiit, sadedzinot malku:

0,=M-0.. 21
kur: Q,, —iegitais siltuma daudzums, kJ;
M — malkas daudzums, kg (veiktaja eksperimenta M=23 kg);
Q. — malkas zemaka sildspéja, kJ-kg™
(berza malkai vidgji 13 800kJ-kg™);
Caur gridu izplidusa siltuma daudzums:
0, =a,-S, AT, 7. (22)
kur:  Q,, — siltuma daudzums, kas izpliist caur gridu, kJ;
o, — gridas virsmas siltumatdeves koeficients, W-m?2 °C;
AT, =T,~T,, — temperatiru starpiba starp gridas virsmas un telpas
vidéjam gaisa temperatiiram, °C;
7 - eksperimenta laiks, s (70800 s).
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Ka redzams no 3.2. att€la, telpas gaiss uzsilst daudz atrak neka gridas virsma.
Tatad, kam@r notiek intensiva krasns kurinaSana, grida sanem siltumu gan no
diimgazém, gan ari no telpas gaisa, tad&jadi klustot par ta siltuma, kas dotaja bridi ir
lieks, akumulatoru. Siltuma uznemSana no gaisa notiek laika perioda no 0 Iidz
apméram 320. miniitei. Atlikusaja laika grida atdod siltumu telpas gaisam, un tas
notiek tad, kad krasni ir jau beigusies intensiva degSana, tad€jadi ieverojami
pagarinas apsildes darbibas ilgums arT péc kurinaSanas beigam. (Visockis u.c., 2005.)

Gridas virsmas siltumatdeves koeficientu var aprékinat péc sekojosas formulas:

a,=3.10-AT, " +22.2-AT,"". (23)

Ta ka dazados laika periodos ir dazada gridas un telpas gaisa temperatiiras
starpiba, arT siltumatdeves koeficients silSanas laika mainas. Lai apr&kinatu
siltumatdeves koeficientu un atsevisko siltumapmainas posmu siltuma bilanci, kad
mainas siltuma plismas virziens, eksperimentd iegiitie rezultati tika saSkiroti
atseviskos posmos ar dazadu telpas gaisa un gridas virsmas temperatiiru, aprékinats
«, un sastadita siltuma plismas bilance, ievértgjot siltuma plismas virzienu.
Rezultatu kopsavilkums atspogulots 3.2. tabula. Eksperimenta tiek noteikta reali caur
gridu parvadita siltuma attieciba pret maksimali iegiistamo, tatad pret maksimali
ieglistamo siltumu no malkas, un rezultati raksturo sisteémas lietderigumu.

Péc formulam (21) un (22) Q,,=317400k] un Q=36340kJ. Tatad caur gridu
kopuma izplist apmeram 11% no kopgja siltuma daudzuma (4.1.tabula). Pargjo telpa
sanem no citam sist€émas sildvirsmam.

4.1.tabula
Siltuma pliasma caur gridu
Laiks, |Temperat. starpiba, Silltumatdeves koeficients, Siltuma
Min. AT, °C &, W-m’?,°C dandzuns,
& ” > Qg kI
0 0 - 0
60 -1.7 13.3 -2085
100 -9.2 13.5 -1411
150 -84 13.4 -1748
180 -7.6 13.3 -1042
220 -8.9 13.5 -1406
280 -2 17.5 -2741
460 1.9 17.9 8415
1180 3.1 14.9 27926
Gridas atdotais siltuma daudzums eksperimenta laika, kJ 36340
Gridas atdotais siltuma daudzums attieciba pret kop&jo Qu/Q, % 11

Saja sistéma diimgazu siltums tiek gandriz pilnigi izmantots, par ko liecina to
temperatiira skurstena izeja (3.1.tab.), savukart siltuma zudumu caur krasninas
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virsmam nav, jo viss siltums paliek telpa, tatad tiek izmantots lietderigi. (Visockis
u.c., 2005.)

Salidzinot eksperimenta objekta Nr.1 iegiitds apsildamas gridas temperatiiras
vidgjas vertibas ar teorttiski izstradata matematiska modela datiem (3.1.tab.),
redzams, ka matematiskais modelis lidzigi att€lo praktiskus apsildamas gridas
uzsilSanas un atdziSanas dinamikas datus. Izmantojot Sos datus, konstruéts grafiks
(4.1.att.).

Vidgja dumgazu temperatira diimgazu Sahta eksperimenta laika aprékinata,
saskaitot dimgazu iepliiSanas un izpliiSanas temperatiiras radijumus un izdalot ar to
skaitu. Ieglito vid&jo temperatiiru visa eksperimentalo datu nolasiSanas laika 95°C

ievada matematiskaja modelt un iegist teorgtisko gridas virsmas vidgjo temperatiiru
(skat.3.1.tabulu un 4.1.att.).
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4.1.att. Eksperimentali un teorétiski iegiito ar dimgazém apsildama
betona panela siltumdinamisko datu salidzinajums

Pirsona korelacija starp $im likném R?=0.988818088. Eksperimentali iegiitas
temperatiiras dinamika T, atpaliek no teorétiski iegiitajiem rezultatiem T,y par O-
3°C. Tas izskaidrojams ar parseguma panela betona masas neviendabigumu
(caurulveida gaisa kameras), nevienmérigu diimgazu daudzumu, temperatiiru un
pliismu, ka arT citiem faktoriem. ST starpiba var tikt izmantota ka rezerves koeficients,
lai neparkarsétu apsildamo gridu un nevajadzetu papildus védinat apsildamo telpu,
radot siltuma zudumus.
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4.3. Tradicionalas un gridas apsildes ar diimgazeém
teorétiskais efektivitates salidzinajums

Lai iegitu noteiktu siltuma daudzumu, pieaugot mitruma daudzumam
kurinamaja, proporcionali pieaug kurindma patérin. Sie siltuma zudumi netiek
ieverteti tradicionalas apsildes sistémas. Gridas apsilde ar dimgazeém siltumu uznem
un akumulé diimgazu Sahtas bavkonstrukcijas. Diimgazes tiek atdzesetas vidgji 1idz
30°C. Tiek izkondenséts mitrums un atgiita tvaika latenta siltumenergija, kas tika
patéreta kurinamaja eso$a mitruma iztvaic€Sanai.
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—— Kurinama daudzuma patérins tradicionalaja apsildes sistema, g- kwh!

—=— Teoretiski iespgjamais kurindma patérins izmantojot dimgazu kondensésanas iekartu, g kwh

4.2.att. Teorétiskais efektivitates salidzinajums tradicionalaja apsildé un
izmantojot dimgazu kondenséSanas iekartu
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Samazinot atmosféra izvadito diimgazu temperatiiru zem rasas punkta, taja
esoSais tvaiks kondensgjas. Tada veida iespgjams atgit tvaika latento siltumenergiju,
pacelot katla lietderibas koeficientu. Kurinamaja esoSais tvaiks un tidens, kas
izveidojies kimiskaja procesa, sadegot koksnei, kondensgjas izdalot tvaika latento
siltumu 2260kJ no viena kilograma kondenséta tidens, un atdziest.

Ja diimgazu izkondens€$anai papildus pielieto kondicionieri un iegiist izplistoSo
diimgazu mitrumu un temperatiiru, kas vienada ar kurtuvé padota gaisa parametriem,
tad dimgazu tvaika latentais siltums tiek atgtits 100% (skat.4.2.att.). Ja diimgazes ir
sausakas un vesakas par gaisu, veidojas siltumsiikna efekts, kas papildus paaugstina
apsildes sisteémas lietderibas koeficientu.

Izmantojot gridas apsildi, temperatiras sadalfjums telpa ir
salidzinajuma ar citiem veidiem laujot ietaupit vid&ji 20% siltumenergijas.

efektivaks

4.4. Krasns un gridas apsildes ar dimgazeém eksperimentalaja
objekta nr.2 iegiito efektivitates rezultatu salidzinajums

Salidzinot apsildi ar metala krasni (K) un papildinot to, apsildot gridu ar
dimgazém (K+GA), iegiitie merjjumu dati apkopoti tabula 4.2.

4.2 tabula
Krasns un gridas apsildes ar dimgazém
eksperimentali iegiito efektivitates rezultatu salidzinajums
Eksper. Vidgjie temperattiras radijumi, °C
laiks, Uz Uz 300 mm | 300 mm | Augsgja Pie
min | gridas | gridas | augstuma | augstuma | gaisa slani| griestiem
(K) | (K+GA) (K) (K+GA) (K) (K+GA)
0 0 3 0 3 0 4
30 0 15 8 10 25 19
60 0 30 10 15 60 27
90 1 55 15 17 80 50
120 1 65 16 23 85 76
150 2 70 16 30 90 107
180 3 75 17 36 95 123
210 3 77 17 45 101 125
240 4 80 18 45 90 120
270 5 78 18 45 85 108
300 6 72 19 45 80 96
330 6 68 20 40 70 87
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Excel programma ievadot 4.2. tabulas datus, noteikts iegiita siltuma
proporcionals sadalijums (skat.4.3.att.). Tas dod iesp&ju salidzinat kopgjo iegiita
siltuma daudzumu, apsildot eksperimentalo objektu ar krasni (K) un izmantojot
gridas apsildes sistemu ar dimgazém (K+GA).

100 @ Augs. gaisa sl (K}
a0
< 80 47 ® 300 mm augstuma
= 70 )
5 60
s @ Uz gridas (K)
= 3
3 40
= O Augs. gaisa sl.
30 (K+GA)
20
M 300 mm augstuma
10 (K+GA)
[:] TTTTFETT T T T
(K) (K+GA) W Uz gridas (K+GA)

4.3.att. Eksperimentalaja objekta Nr.2 iegiita siltuma daudzuma salidzinajums

Piepemot, ka, izmantojot gridas apsildi ar dimgazeém (K+GA), kopgjais iegiita
siltuma daudzums visas mérijuma vietas att€lots 100% (4.3.att.), bet, pielietojot tikai
krasns apsildi (K), redzams, ka tas ir par 45% mazaks. Attiecigi redzams, par cik
reiz€m (K) ir mazaks katra temperatiiras nolasiSanas vieta, salidzinajuma ar (K+GA)
iegiito siltuma daudzumu, jo netiek izmantots diimgazu siltums.

Tas nozime, ka gridas apsilde ar dimgazém par 45% paaugstina no kurinama
iegiita siltuma daudzuma izmantoSanas efektivitati.

Promocijas darba salidzinot radiatoru, gridas apsildes ar $kidro siltumnes&ju un
gridas apsildes ar dimgazeém uzstadiSanas izmaksas, izveidots 4.4. attels.
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4.4.att. Dazadu apsildes veidu uzstadianas izmaksu salidzinajums, Ls-m™

No apskatitajiem apsildes veidiem vislétak ir uzstadit telpu apsildi ar radiatoriem
— 38.98Ls-m™, talak izmaksu zina seko gridas apsilde ar diimgazém — 42,18Ls-m?,
un visdargak uzstadama ir gridas apsilde, kura ka siltumnes&ju izmanto Skidrumu —
54.81Lsm™.

Gridas apsilde ar dimgazem efektivi atdod siltumu apsildamai telpai, ka
rezultata ievérojami paaugstinas apsildes lietderibas koeficients, tad€] ekonomiski
pamatotak ir izveleties So veidu.

Nemot vera to, ka gridas apsildes ar diimgazém izveidoSanai netiek pielietoti
sildvadi, pareizi ekspluatgjot, ta nevar tikt sabojata. Pie apkalpoSanas izdevumiem
pieskaitama vienigi diimgazu Sahtas tiriSana. Pilnveértigi sadedzinot kurinamo, rodas
minimals sodr&ju un pelnu daudzums. Nemot véra dimgazu Sahtas tilpuma izmérus,
to nepiecieSams tirit ieveérojami retak neka skursteni. Apsildes sist€mas vieniga
mehaniska dala ir varsts, kas regulé diimgazu pliismu 1saja loka. Arf tas nevar iziet no
ierindas. Ja tiek pielietots elektriskais diimstknis, tas pateéreé 0.1-0.15kWh
elektroenergijas kurinaSanas laika. Tiek izmantoti Latvija raZoti buvmateriali un
vietgjais darbaspeks.
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5. Gridas apsildes ar dimgazeém ipasibas

Gridas apsildes ar dimgazeém uzbiives ipatnibas

1.

Kurinamajam sadegot, liesmas un karstas diimgazes siltumu atdod kurtuvei,

savukart ta - apsildamai telpai un uzsildamajam tidenim. Talak diimgazes tiek

novaditas zemgridas Sahta. Atlikusais siltums tiek izmantots gridas parseguma
panelu uzsildiSanai. Atdzesétas diimgazes tiek izvaditas pa skursteni.

Gridas apsildé ar dimgazeém ka siltuma akumulators tiek izmantotas zemgridas

Sahtas betona konstrukcijas, kuru siltumietilpiga masa siltumatdeves inerces dgl

apsildamajas telpas ilgsto$i uztur vajadzigo mikroklimatu.

Gridas apsilde ar diimgazém darbojas ka papildus elements tradicionaliem

apsildes veidiem. Pievienojot to jebkura veida kurtuvei, kas uzstadita telpas

apsildiSanai atbilstoSi esoS$ajam normam, no dimgazém tiek iegiits papildus

siltums. Gridas betona buvkonstrukciju masa akumul@ siltumu un apsilda telpas

intervalos starp kurinaSanas cikliem, izlidzinot temperatiiras svarstibas

apsildamaja telpa. Pielietojot $adu risinajumu, kurinasana ir ievérojami retaka

salidzinajuma ar apsildes veidiem, kuros ir mazaka siltuma akumulacijas spgja.

3.1.Gridas apsilde ar dimgazém var tikt pielietota dinamiska rezima, kad
apsildamas telpas tiek lietotas periodiski un Tislaicigi, ar lieliem laika
intervaliem (pieméram, pirts 1 reizi nedéla). Telpu uzsilda kurtuve un plans
(50mm) betona gridas slanis, kas strauji uzsilst un atdziest.

3.2. Nepartrauktai telpu apsildei jaizmanto biezaks betona gridas slanis, kas
lenam uzsilst, ilgstoSi uztur vE€lamo temperatiiras mikroklimatu, 1€nam
atdziest, izlidzinot temperatiiras svarstibas apsildamaja telpa un palielinot
laika intervalu starp kurinaSanas reiz€m. Kurtuvi vélams novietot arpus
apsildamas telpas vai siltumizolét, lai ta neietekmétu telpas gaisa
temperatiiras svarstibas.

Pilnvertiga degSanas procesa nodroS§inasanai nepiecieSamo gaisu padod no ara pa

cauruli ar plismu regul&joSu varstu, kas iebtuivéta zem kurtuves limena. Tas

nepiecie$ams, lai apsildes sistéma tiktu pilnigi atdalita no iekStelpas. Sadi
dimgazes nevar ieklut telpa, netiek nelabveligi ietekméts telpu mikroklimats un
ventilacija.

Kurtuves durvim jabiit hermétiski noslédzamam vai jaatrodas arpus apsildamam

telpam, lai gadijuma, ja daudzu faktoru sakritibas d&] biis nepietickama velkme,

dimgazes neiekliitu apsildamaja telpa. Tam velams bt aprikotdm ar degSanas
procesa noverosanas stiklu.

Betona panela grida var iemontet siltuma sensoru, kas informe& par virsmas

temperatiru savlaicigai kurinasanas partraukSanai.

Gridas apsildé ar dimgazém siltuma akumulacijas panelos netiek iebtivéti

sildvadi, izslédzot to sabojasanas iesp€jas un remonta izdevumus, nav

elektromagn@tiska starojuma salidzinajuma ar gridas apsildi, kura tiek izmantoti
elektriskie sildvadi.
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Gridas apsildes ar dimgazém konstruktivais risindjums paredz, ka apkures
iekarta atrodas apsildamaja telpa, neradot siltuma zudumus no tas virsmam.
Variantos, ja kurinamais kurtuvé tiek padots no ara (darza kamins), paredzeta
kurtuves ara virsmas siltumizolacija ar papildus siltumizoletam durvim.
Skurstena dala, kas atrodas arpus apsildamajam telpam, japarklaj ar
siltumizolaciju, lai nelietderigu siltuma zudumu dg&|, atdziestot diimgazém,
nesamazinatos velkme.

Gridas apsildes ar duimgazém darbibas koncepcija un efektivitate

1.

Gridas apsildes ar dimgazém koncepcija paredz, ka pirms kurinaSanas
uzsakSanas kurtuve japiepilda ar kop&jo kurinama daudzumu, at$kiriba no
apsildes veidiem, kur kurinamais tiek padots pakapeniski, pa dalam.
Svarigi, lai kurtuves izmérs un konstrukcija biitu atbilstoSa maksimali
nepiecieSamajai jaudai. Kurinamais tiek apliets ar aizdedzinasanas Skidrumu,
uzsakot intensivu degSanas procesu ar maksimalu jaudu. Visam sadedzinamajam
kurinamajam ietilpstot pirmaja piepildiSanas reiz€, strauji sadegot, saisinas
kurinaSanas laiks un samazinas kopa ar duimgazém izvadita siltuma daudzums.
Atri uzkarst kurtuves virsma un apsildamas gridas, strauji uzsilst telpas.
Karstas diimgazes no kurtuves tiek novaditas zemgridas Sahta. Tas siltumu
uztvero$as virsmas laukums ir vairak neka divas reizes lielaks par apsildamas
gridas virsmu (Sahtas apaks€ja, augs€ja un sanu virsmas). Piem@ram, ja
viengimenes dzivojamas majas 1. stava apsildamo gridu platiba ir 70m’ tad
zemgridas $ahtas siltumu uztveroo virsmu laukums ir apméram 145m? (aug3gja,
apaks$gja un sanu virsmas). Saskaroties ar v€sajam dzelzsbetona konstrukcijam,
dimgazes atdziest un kondens€jas, atdodot tam siltumu, kas tiek lietderigi
izmantots telpas gridas apsildei.

Gridas apsildé ar dimgazém viens no sareZgitakajiem jautajumiem ir pareiza

dimgazu plismas nodroS§inasana. Lai raditu velkmi caur zemgridas Sahtu,

vienkarsakais, efektivakais un ekonomiskakais risinajums ir elektriska dimsiikna
pielietoSana. Tas rada maksligu velkmi caur zemgridas Sahtu un no ara iesiic
pilnvértigam degSanas procesam nepiecieSamo gaisu.

Biitiska prieksrociba, salidzinajuma ar tradicionalajiem risinajumiem, ir arT ta, ka

Saja gadijuma siltuma iegfisanai lieka mitruma daudzums kurinamaja nav

aktuals.

5.1. Sadedzinot mitru kurinamo un atgtistot latento siltumenergiju, kas patéréta
mitruma iztvaic€$anai, ka arT atgiistot siltumu no @idens, kas radies biomasas
degSanas kimisko reakciju procesa, to izkondens€jot un atdzesgjot, iegtita
siltuma daudzums no kurinama biitiski nesamazinas.

5.2. Gridas apsildes ar diimgazeém lietderibas koeficients ir atkarigs ar1 no ta, cik
efektivi tiek sadedzinats kurinadmais un cik daudz siltuma tiek atgiits,
atdzesgjot dimgazes un kondensatu. Optimala gadijuma efektivi tiek
izmantots viss teorctiski iesp&ami iegiistamais siltums no kurinama,
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neatkarigi no taja eso$a mitruma daudzuma, pat€r&jot sausa kurinama
ekvivalentu (skat.4.2.att.).

5.3. So procesu rezultata iegiits augsts gridas apsildes ar dimgazem lietderibas
koeficients un efektivs siltuma sadalijums apsildamaja telpa.

Atkrit nepiecieSamiba patérét energiju un laiku, ilgstosi Zavejot kurinamo pirms

sadedzinaSanas. Samazinds sadedzinama kurinama daudzums un ta iegades

izdevumi, ka arT uzglabasanas telpu izméri. letaupljuma rezultata nenovakta
biomasa sava dzives cikla laika parstrada oglskabo gazi, razojot skabekli.

Pielietojot tradicionalu apsildi karstas diimgazes tiek izvaditas atmosféra radot

ievérojamus siltuma zudumus. Piemé&ram, ja diimgazes ar vid&jo temperatiiru

200°C izpliist pa diimvadu 3 stundas, kura $kérsgriezuma laukums ir 200mm” ar
vidgjo atrumu 4m-s’, atmosféra tiek izvaditi 288m’ karsto diimgazu. Gridas

apsilde ar diimgazém, vidéja dumgazu temperatira tiek samazinata orient&josi 7

reizes. Tas lietderibas koeficients lidzvertigs citiem apsildes veidiem, kur tiek

apsilditas gridas un izmantotas diimgazu kondensacijas iekartas.

7.1.Apsildes efektivitate mainas atkariba no ara gaisa temperatiiras, kurinaSanas
ilguma, kurinama kvalitates un citiem faktoriem.

7.2. Periodiski kurinot, apsildes lietderibas koeficients ir ievérojami augstaks
neka kurinot pastavigi, jo siltakas Sahtas virsmas nespgj tik efektivi nonemt
siltumu un atdzesét diimgazes. Piem@ram, ja ziema telpas ilglaicigi nav
kurinatas, dimgazes zemgridas Sahta sakotngji atdziest Iidz betona gridas
parsegumu temperatiirai. Siltums tiek atdots apsildamajai gridai, un efektivi
atdzesetas diimgazes.

Gridas apsildes ar diimgazém efektivitates paaugstinaSanai diimgazes pirms
izvadiSanas atmosféra velams papildus atdzeset, tas izvadot caur karsta Gdens
uzsildiSanas siltummaini. AtlikuSo dimgazu siltumu iesp&€jams izmantot auksta
tdens uzsildiSanai, ka rezultata lietoSanai nepiecieSama iidens temperatiira tiks
sasniegta paté€réjot mazaku karsta Udens daudzumu. Diumgazu velkmes
nodros§inasanai nepiecieSams izmantot diimsiikni.
Lai iegitu €kas mikroklimatu nodroSinos$o sisttmu maksimalo efektivitati,
siltumu, kas tiek izvadits ar dimgazem, ventilaciju, kondensatu, kanalizaciju un
citiem izmeSiem, iesp&jams atglit, izmantojot gaisa kondicionieri vai
siltumstkni. Siltums, kas atglits no izmeSiem un iekartam atgriezts telpu un
iidens apsildei, papildus paaugstina apsildes lietderibas koeficientu un samazina
kaitigo izmeSu daudzumu.
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Gridas apsildes ar dimgazém darbinasana, neizmantojot elektroenergiju

1. Sadu darbibas principu pielieto, ja gridas apsildei ar diimgazém nav pieejama
elektroenergija, netiek izmantots dimsiknis un nevar tikt radita maksliga
velkme.

Kurinasanas sakumposma dimgazes no kurtuves ir janovada pa 1so
dimgazu plusmas loku tieSi skursteni, apejot zemgridas Sahtu (3.6.att.).
pilnvertigam degSanas procesam nodro$inot pietiekoSu ara gaisa padevi un
velkmi.

Dimgazu plismu 1saja loka regulé ar varstu. Tas nodroSina optimalu
diimgazu temperatiiru skursten un velkmi.

Pa 1so pliismas loku skurstent plistosas diimgazes rada ezekcijas efektu.
Skurstepna apaks€ja dala un zemgridas Sahta veidojas retinajums, dala
diimgazu tiek iestikta caur zemgridas Sahtas garo loku.

Plaistot caur zemgridas Sahtu, diimgazes intensivi atdziest un dzes€ arl
skursteni. Tadel ar varstu jaregulé karsto diimgazu plisma, kas uztur
nepiecieSamo temperattiru skursteni.

Kad zemgridas Sahta ir uzsilusi un caur to skursteni iepluistoSo diimgazu
temperatiira parsniedz ara gaisa t° par 20°C, 1so dimgazu loku pilnigi
noslédz, samazinot siltuma zudumus.

2. Papildus velkmi rada arT v&$ un dazadu konstrukciju ezektori ar mainigu
efektivitati. Veidojot apsildes sist€mu, uz to palauties nedrikst.

3. KurinaSanas sakumposma, no kurinama iztvaicgjot mitrumu, tiek paterets
ieveérojams daudzums siltumenergijas. Mitrumu saturo$as karstas dimgazes pa
1so dimgazu plismas loku tiek izvaditas skursteni, neatgriezeniski zaudgjot
siltumenergiju. Tas rada ievérojamus siltuma zudumus.

4. Tomer gridas apsilde ar dimgazeém ir ievérojami efektivaka par tradicionalajiem
apsildes veidiem, kuros ari tiek izmantots pilnvertigas un intensivas
sadedzinaSanas princips, bet diimgazes bez papildus atdzes€Sanas kondensacijas
iekartas tiek izvaditas atmosféra.

5. Gridas apsilde ar dimgazeém ir ievérojami efektivaka arT par tadiem apsildes
veidiem, kuros sildiSanas ilgums tiek reguléts, degSanas procesam pievadot
ierobeZotu gaisa padevi. Nepilnvertigi sadegot kurinamajam, netiek iegiita dala
siltumenergijas. Izveidojusas diimgazes, kas satur oglekli, tvana gazi un citas
kaitigas vielas, tiek izvaditas atmosfera.
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10.

11.

SECINAJUMI

Salidzinot dazadus Latvija izmantojamos kurinama veidus, konstatéts, ka
noslédzot 2006. gadu, vislétakas ir akmenogles (vidgji 0.0058Ls-(kWh)™), tam
seko malka (vidgji 0.0130Ls-(kWh)™'), dabas gaze (0.0166Ls-(kWh)™), bet
visdargaka ir elektroapsilde (0.052 Ls-(kWh)™).

Vadoties péc kaitigo izme$u daudzuma, ekologiski labveligakais ir atjaunojamais
biomasas kurinamais, kuram oglskabas gazes daudzuma bilance dzives cikla
apritg ir 0. Lietojot decentraliz&tu apsildi, tehnologiski &rtaka ir koksne.
Izvertgjot plasak pielietojamo sildkermenu veidu ipasibas un to raditos
mikroklimata apstaklus, noteikts, ka komfortablakas ir siltas gridas. Tam ir par
20% efektivaks izmantojama siltuma sadalijums apsildamaja telpa. Tacu Sim
gridam ir sarezgita un darga uzstadisana.

Promocijas darba izstradats matematiskais modelis, ar kura palidzibu, tiek iegiiti
siltumdinamisko procesu parametri dazados ar diimgazém apsildamas betona
gridas panela dzilumos.

Pielietojot gridas apsildi ar dimgazem, mitruma daudzumam kurindmaja nav tik
butiska nozime salidzinajuma ar citiem apsildes veidiem, jo siltuma daudzums,
kas tiek pateréts lai iztvaicetu mitrumu, tiek atglts zemgridas Sahta
kondensgjoties dimgazem.

Eksperimentalajos pétjjumos konstatéts, ka, lietojot krasns apsildi, gridas
temperatira kurinaSanas laika palielinas no 0°C lidz 3°C, bet 30 cm virs gridas -
no 0°C Iidz 17°C. Tas liecina, ka apsildamas telpas gridas un apaks$gjais gaisa
slanis, lietojot krasns apsildes veidu, uzsilst nepietickami, nenodrosinot komforta
apstaklus.

IevieSot gridas apsildi ar dimgazem, telpas gaisa temperatiira 30cm virs gridas ir
2 reizes augstaka salidzinot ar krasns apsildi, tadejadi nodroSinot komfortablus
apstaklus.

IevieSot gridas apsildi, dumgazes iepliist zemgridas Sahtad ar maksimalo
temperatiiru 465°C, bet izpliist ar maksimalo temperatiru 66°C. Dimgazém
atdziestot, zemgridas Sahta notiek dalgja dimgazu attirisana.

IevieSot gridas apsildi ar diimgazém, apsildamas telpas augseja gaisa slant 100°C
temperatira tiek sasniegta par 40% atrak, salidzinajuma ar krasns apsildi,
patér&jot vienadu kop€jo kurinama daudzumu. Turklat tiek sasniegta par 20%
augstaka telpas maksimala temperatura.

Velamo gridas apsildes efektivitati iespgjams nodrosinat, izveloties atbilstoSu
apsildama betona panela biezumu un sildiSanas reZimu.

Ja ievie§ gridas apsildi ar dimgazem, tad salidzinajuma ar krasns apsildi, tiek
nodrosinats vairakkartgjs diimgazu izpliides temperatiiras samazinajums, ieglistot
par 46% lielaku lietderiga siltuma daudzumu. Ta rezultata apsildamas telpas
vélama mikroklimata nodroSinaSanai japaté€ré proporcionali mazaks kurinama
daudzums, turklat samazinas ar1 kaitigo izmeSu apjoms.
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12.

13.

Gridas apsildes ar Skidro siltumnesg&ju ievieSanas izmaksas uz 2007. gada oktobri
ir 54.81Ls'm™, bet gridas apsildes ar diimgazém — to realiz&jot eksperimentalaja
objekta, ir 42.18Ls'm'2, t.i., par 23% mazak.

Gridas apsildi ar diimgazém var ierikot izmantojot galvenokart Latvija raZotos
materialus un vietgjo darbaspéku, ta radot alternativu apsildes sistému sastavdalu
importam.
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THE RESEARCH SUBJECT AND TOPICALITY
OF THE PROBLEM

Today the world’s attention is attracted to the global warming and the long-term
consequences it can cause. Production of energy is one of the main reasons of the
global warming; therefore it is essential to take all the possible measures to reduce it.

With the accession of Latvia to the European Union there are considerable
variations in the prices of fuel. The EU directives envisage for energy saving
activities, changes in production of energy from non-renewable to renewable energy
resources. The Kyoto protocol sets the aim to enlarge production of energy from
biomass, wind, water and other nature-friendly energy resources, to reduce the
harmful exhaust that pollute the surrounding environment and influence the climatic
changes on the Earth.

Using biomass grown in Latvia and its residue as a source of energy there is no
need to import fuel from abroad. People are employed in the local enterprises for
obtaining and preparation of it. Pollution of environment is reduced solving the
issues related to utilization of biomass waste. In the result the economic, political and
ecological stability of the state increases (Visockis, 2001.).

The disadvantage of many heating systems is long-time maintenance of the
necessary micro climate in the premises prolonging the time of burning and reducing
the amount of the supplied air. In the result burning is not complete, the amount of
heat obtained in the process of burning from carbon reduces, carbon monoxide and
cancerogenic substances are formed, and the surrounding environment is polluted
much more with products of incomplete burning. The chimneys quickly get covered
with soot reducing draught and it can cause taking fire. Installation and usage of
modern floor heating systems is expensive for the inhabitants of Latvia who have
average income (Visockis. Savrupmaju..., 2005.).

The promotion work includes a description of an innovative floor heating with
flue gas solution that compared to the most often floor heating versions used till now
is considerably simpler, cheaper, more effective and not harmful to the surrounding
environment.

If the necessary amount of fuel burns intensively, completely and simultaneously
the time of burning considerably reduces and with it the amounts of heat losses that
are discharged with flue gas reduce. Flue gas contains considerably less harmful
admixtures. The research object of the promotion work is floor heating with pits
where flue gas containing heat is used as a heat carrier. The maximally possible
amount of heat is produced from flue gas increasing the coefficient of efficiency and
reducing the amount of the burnt fuel, fostering the economic and ecological
efficiency. Growing biomass that during its life cycle in the process of
photosynthesis works carbon dioxide into oxygen is used less for fuel.

The direct transfer of heat from fuel to the heated concrete panel floors increases
the heat transfer effectiveness and makes the construction of the heating system
simpler. The heat accumulating concrete cover floors in the heated premises maintain
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the necessary micro climate for a long time. Flue gas is cooled to considerably lower
temperature; it is treated in different ways in the result reducing the pollution of the
surrounding environment compared to traditional kinds of heating using the same
fuel. Using the offered kind of heating the amount of the obtained heat is less
influenced by the amount of moisture that is in the burned fuel as the largest part of
the used heat energy that is necessary for evaporation of moisture is regained when
moisture condensates in the under floor pit and cools. Heat is obtained also from the
evaporated water that is formed in the chemical process of burning wood.

For heating floor with flue gas separate cooling, treating or other complicated
devices are not necessary. It is possible to combine it with smoking of food products
or qualitative utilization of biomass waste and efficient usage of heat (Plume et all.,
2006.).

Theoretically and experimentally collecting information on thermodynamics of
the burning equipment, the flue gas average temperature and flow speed the dynamic
calculations of heating and cooling of the heated premises and the concrete panel
floors have been done. The developed mathematical model has been tested
comparing the obtained calculation data with the results of experimental research.
Summarising the obtained information methods have been elaborated for optimal
selection of the kind of heating in compliance with different requirements and
financial possibilities.

THE AIM AND TASKS OF THE RESEARCH

The aim of the research is to elaborate the theoretical substantiation and practical

solutions for floor heating with minimal implementation and operation costs
maintaining a high level of comfort using the cheapest fuels in Latvia as sources of
energy with reduced amount of harmful fumes.

1.

2.

The tasks of the promotion work

To compare different kinds of fuel depending on their ecological, technological,
economic, comfort and other factors.

To evaluate the properties of the most widely used kinds of heaters and the micro
climatic conditions created by them.

To develop a floor heating construction and elaborate a mathematical model by
help of which it would be possible to investigate the thermodynamic processes of
the heated floor.

To prepare experimental models for the floor heating solution elaborated in the
promotion work that in comparison to the existing kinds of floor heating could
have lower implementation and operation costs, produce maximal amount of heat
and reduce harmful emissions.

To develop the practical implementation principles for the kind of floor heating
investigated in the promotion work.
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THE RESEARCH METHODS AND SCIENTIFIC NOVELTY

The investigations according to the set aim and tasks were carried out applying
mathematical, computer modelling and physical-experimental data collection
methods. The aim of the application of the research methods is the development of
energy effective heating for which the dynamic parameters of the heated concrete
panel floor heating and cooling are calculated by help of the mathematical model
developed in the promotion work.

For theoretical calculations and experimental investigations a computer supplied
with the necessary software is used. The measurements are done by certified thermo
couple multi-meters, an infrared ray temperature recording measuring device and a
timer. The experimental research has been carried out in two objects.

Scientific novelty of the promotion work
1. A mathematical model of concrete panel heating and cooling thermo dynamic

process has been developed that allows determining the temperature of the

heated concrete panel in different depth depending on the temperature at both
sides of the panel.

2. An innovative floor heating with flue gas solution has been elaborated
theoretically and practically.

3. Methods for introduction of floor heating with flue gas have been elaborated.

4. Economic substantiation of implementation and operation of floor heating with
flue gas has been constructed.

APPROBATION OF THE SCIENTIFIC WORK

The research was carried out during the period of time from 2000 to 2008. The
obtained results have been summarized in 6 publications that correspond to the
requirements of the Latvian Council of Science for recognized scientific publications:
1. Apsildes sisttmu energoefektivitates novértéSana, izmantojot programmu Energypro.

Starptautiska zinatniska konference ,Zinatne lauku attistibai”. Latvija, Jelgava, LLU,

23.-25. maijs, 2001.

2. Zemgridas apkures pétijumi, ka siltumnesg€ju izmantojot diimgazes. Starptautiska
zinatniska konference ,, InZenierproblemas lauksaimnieciba”. Latvija, Jelgava, LLU, 2.-3.
junijs, 2005.

3. Savrupmaju apkures sisttmu salidzindjums. Starptautiska zinatniska konference
, InZenierproblemas lauksaimnieciba”. Latvija, Jelgava, LLU, 2.-3.jiinijs, 2005.

4. Infrasarkano staru temperatliras nolasiSanas merinstrumenta precizitates petijums.
Starptautiska zinatniska konference ,, InZenierproblémas lauksaimnieciba”. Latvija,
Jelgava, LLU, 2.-3. juinijs, 2005.

5. Betona panela termodinamika zemgridas apkur€, izmantojot diimgazes. Starptautiska
zinatniska konference ,, InZenierproblemas lauksaimnieciba”. Latvija, Jelgava, LLU, 2.-3.
junijs, 2005.

6. Integrated Unit for Utilization of Biomass Energy in the Rural Farm. International
scientific conference ,.Engineering for Rural Development”. Latvia, Jelgava, Latvian
University of Agriculture, 18-19 May, 2006.
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THE OBTAINED RESULTS AND
PRACTICAL SIGNIFICANCE OF THE SCIENTIFIC WORK

Applying the mathematical model developed in the promotion work it is possible
to obtain the data on the floor concrete panel heated by flue gas thermo dynamic
processes. Depending on them the optimal heated floor area, heat capacity, heater
power and other constructive solutions ensuring the desired micro climate in the
heated building can be selected.

Different economic and ecological factors and application possibilities of
different kinds of fuel have been evaluated. The influence of different heaters on the
comfort conditions in the heated premises has been compared. Summarising the
obtained information floor heating with flue gas that has low implementation and
operation costs, that is economical, comfortable and friendly to the surrounding
environment has been elaborated. It operates without complicated electronic control
equipment, expensive constructive solution and any other equipment that could make
the construction and operation costs higher.

The research results have been compared to the theoretical calculations. During
the preparation of the experimental object the theoretically developed solution
technologies of construction, heating equipment, curing, chimney, draught, fume pit
cleaning and other technologies were improved. The heating system solution was
improved and implemented into practice. The advantages of the investigated kind of
heating compared to the traditional ones have been practically proved.

Floor heating with flue gas can be used to heat buildings maintaining and
promoting ecologically clean environment. Burning the waste of renewable energy
source — biomass does not contain toxic substances above the permitted
concentration and qualitatively treats emissions. The elaborated and investigated kind
of heating can be used in saunas and garages as it is experimentally tested. It is
possible to combine it with smoking food products or qualitative utilization of
biomass waste and effective usage of heat.

Patent elaborated in the result of the research

1. A patent on the heating system elaborated and investigated in the promotion
work “UNDERFLOOR HEATING SYSTEM USING FLUE GAS AS HEAT
CARRIER” has been awarded at the Patent Board of the Republic of Latvia in
2006. Patent number LV13445 B. Int. Cl F24D7/00. Publication date
20.06.2006.
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THE STRUCTURE OF THE SCIENTIFIC WORK

The first chapter analyses different kinds of fuel, their influence on the
surrounding environment and the consequences caused by it.

The second chapter discusses heating and heat insulation kinds used most widely
in Latvia. The composition of the formed emissions in different regimes of burning
fuel and the ways of their neutralization have been evaluated. The aim and the tasks
of the research have been formulated.

The third chapter compares the advantages and disadvantages of the kinds of
heating and heaters most widely used in Latvia. The obtained information is used to
develop an innovative kind of heating where the best qualities of the existing kinds of
heating would be combined and the disadvantages reduced or eliminated. A
mathematical model has been developed that allows determining of the heated
concrete floor heating parameters. Thermo dynamic calculations for the heated
concrete floor with flue gas have been done.

The fourth chapter describes the structure of the experimental objects where
floors are heated with flue gas and the experimental investigations.

In the fifth chapter the experimentally obtained data are processed and the
implementation costs are economically calculated.

The sixth chapter dwells on the implementation of floor heating with flue gas in
new and existing buildings. The operation principles and properties of this kind of
heating are discussed.
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1. THERMODYNAMIC CALCULATIONS
OF THE CONCRETE PANEL HEATED WITH FLUE GAS

These calculations were done to determine the floor cover concrete panel heating
parameters in a non-stationary regime using flue gas as a heat carrier that flows from
the burner and is fed to the under-floor pit. It consists of heat insulated ground and
concrete constructions covered with the heated concrete panels. It gives a possibility
to plan the dynamic changes of the heated concrete panel heating and cooling
temperature in time in different depths depending on the average temperature of the
inflow of the hot flue gas and outflow of the cooled flue gas, its flow speed, the
initial ambient temperature and other parameters. The obtained information can be
used for choosing the correct amount of fuel, controlling of its burning intensity and
length, ensuring of the desired micro climatic conditions in the heated premises.

To avoid the complicated thermo dynamic calculations of the non-stationary
process of the given heating system the stationary average concrete covering panel
thermo dynamical properties, the average flue gas temperature and flow speed were
assumed. Heat flow in the floor cover concrete panels is investigated — heating and
cooling.

1.1. Concrete panel floor heating dynamics calculations

The floor concrete panel thickness - 0.22m. They are heated with flue gas
flowing through the underfloor area (Figure 1.1.).

oT
[ e, T
Concrete panel
T‘ =T, P
0
Flue gas —— _ ;971 —a, 1 -T] )
x|, ! =0

Figurel.l. Concrete panel heating calculation scheme

It is assumed that the concrete heating process complies with the non-stationary
thermal conductivity equation:

2
ot v
X
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A

where: a — temperature conductivity coefficient, m/s, a=22
cp

T — temperature in the concrete panel floor, °C;

T—time, s;

x — coordinate, m;

A — concrete panel thermal conductivity coefficient, W(m~K)'l;
¢ — concrete panel specific thermal capacity, J(kg-K)™;

p — concrete panel density, kg-m™.

To formulate the problem it is necessary to set the marginal conditions.
Considering that the flow of air and flue gas along the panel surface is convective
marginal conditions of three kinds are used:

oT

—ﬂgﬁo =a,T,-T|_)> )
oT

-A— =aT|_, -T,)> 3)
ox|,_y w=H

where: T, - ambient air temperature, °C;
T, — average flue gas temperature, °C;
o, — concrete floor panel lower surface heat return coefficient,
W(m*K)™";
o, — concrete floor panel upper surface heat return coefficient,
W(m*K)™";
H — concrete floor panel thickness, mm.

As the concrete floor panel before heating the whole day has been in the ambient
temperature of the surrounding environment, for this case the initial condition is in
the form:

T\, =T, “)

where: T, — ambient room temperature before heating, °C.

The expressions 1,2,3,4 form the mathematical physical problem (further
problem). The problem (1-4) is solved by the variable separation method.

Its basic idea is to construct the solution as an infinite row every part of which is
multiplication of the functions, where every multiplier is dependent on its argument.
According to that the solution can be found in the form:

T(x;7)=Ax+B+Y U (1)V,(x) = Ax+ B+ Y Ae “sin(ux+¢,)> 5
k k
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where functions v ()= e~u* are dependent only on the argument 7 (time), but
functions v, ( x) =sin(g,x+¢,) depend only on the coordinate x.

As the marginal conditions (2-3) are not homogeneous the solution of the
problem is found in the form (5) as the sum of the factors. In the first factor Ax+B the
coefficients A and B are chosen so that the marginal conditions (2,3) become
homogeneous:

A= I -T, :_TI_TO. 1 , (6)
A A H A 1 1 H
—+—+— — +—+—

a, o A a, o A
B=Tl+iA=Tl_Tl_T0. 1 . (7
a, a 1 1 H
a, o A

Inserting the solution (5) in the marginal condition (2), the constant ¢,is found:

A-u, -H
¢k arctg a.H

Inserting the solution (5) in the marginal condition (3), a transcendent equation is
got for determination of the value z:

p .H.V+ﬂ}

H)= ¢ o, H a,-H]|. )
S B A-u-H A-p-H 1
{aLgH o, H _}

a

From the initial condition (4) the constant A, is determined:

2{(7‘2 - B)[COS¢1< - COS(,UkH + @ )] - AH|:SH1(IUI(I-I+¢A) - COS(,UkH + O ):|} (10)
A= . ‘
,ukH{l— sin2(u, H +¢,)—sin2g, }
2uH

The heat return coefficient a,=10 W(m*K)" is determined according to the
Latvian standard, 2000, but
a,=a,, +a,; (11)
where: oy,,, — convective heat return coefficient;
o, — radiation heat return coefficient.
Oony 18 found, adapting the Lacko formula for laminar and turbulent flow:
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1
a, = 30.0285pgcpa)(2‘l)5 : (12)

where: Pe — standard concrete covering panel density, kg-m™;
Cp — flue gas heat capacity, J(kg-K)™";
@ — flue gas flow speed, m-s'l;
Y — flue gas kinematic viscosity coefficient, mz-s'l;
/ — flue gas convection effective flow length, m.
a,=4€e5T", (13)
where: £ — average smoke pit grey coefficient, £= 0.8;
) — Stefan Bolcman constant, 8= 5.67-10% W(m*K*";
T — average flue gas temperature in the pit, K.
The solution is obtained mathematically at the following parameter values:
Ty=20°C — ambient room temperature after heating;
T,=95°C — flue gas average temperature;
T,=7°C — ambient room temperature before heating;
J=0.8 W(m-K)" - average thermal conductivity coefficient of

concrete panel;
05{1:14.6W(m-K)"1 — heat return coefficient on the lower surfaces of

the heated floor;

a,=10W(m-K)" - heat return coefficient from the upper surface of
the heated floor to the heated area;

H=0.22m — concrete panel thickness.

1.2. Concrete panel floor cooling dynamics calculations

Discontinuing heating the cooling phase starts that can be calculated by the next
mathematical model (Figurel.2.). Compared to the phase of heating the marginal
condition (3) and the initial condition (4) change.

N X
F B :' ﬂ
Floor H ox

=0, (T|,_, = To)
H

-

Concrete panel

0 Gl
—h—| =, 0l;-T[ .
cx s L'“)

-l

Figurel.2. Concrete panel cooling calculation scheme
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Now the marginal condition (3) is substituted by:

_lal =0!a(T;—T‘__ ) (14)
ax =0 E x=0
where: T; — flue gas pit average temperature at discontinuing heating, °C.

It is necessary if the temperature in the pit changes from T, to T;. The marginal
condition (3) remains the same. As the concrete floor panel before cooling was
heated, the initial condition can be written in the form:

T‘rzoszﬂf(to;x)’ (15)

where: Ty (1p;x) — temperature distribution in the panel, °C;
ty — panel heating time, s.
The expressions 1,3,14,15 form the mathematical physical problem. This
problem is solved by the variable separation method the solution of which is found in
the form:

T, =Cx+D+Y Cre ™ sin(ux+¢)- (16)
k

As the marginal conditions 3-14 are not homogenous the problem is
homogenised by the following expressions for the coefficients C and D:

C:_T3_T0_ 1 ; a7
a, o A
p-r,- L1, 1 . (18)
all 7+7+£
a, o A

The initial condition according to (15) and (5):

T|, =T (13%) = Ax+ B+ A e ™ sin(u x+9,) (19)

gives a possibility to determine C;,"

sin(u, H + @, ) —sin @, }
H
i =(a-0)2. al
nH - sin(2u, H +2¢, ) —sin 2¢,
2u.H

{— cos(, H+ @, )+
+
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2[cos @, —cos( 4, H +(pk)] b A (20)
k

+(B-D)
sin(2u,H +2¢,)—sin 2¢,
M H 1=
2u.H
Inserting figures in the formulas of the mathematical model:
A=0.8 H=0.22 To=20 T5=50
0,=14.6 c=1000 T,=95 x=0-+0.22
a,=10 p=1000 T,=7

The concrete floor heating panel heating and cooling dynamics curves in
different panel depths are obtained.

Tablel.1.

Concrete panel heated with flue gas thermo dynamic processes

Time, Concrete Concrete temp. Concrete
temperature In the middle of temperature
on floor surface, the panel, on the lower surface,
min °C, x=0.22 (100%)| °C, x=0.11 (50%) °C, x=0 (0%)

0 7.03 7.00 7.52
30 11.80 9.21 97.93
60 13.34 18.79 116.39
90 15.59 29.74 127.01
120 18.78 39.85 134.31
150 22.44 48.82 139.80
180 26.19 56.72 144.16
210 29.80 63.67 147.75
240 33.16 69.81 150.77
270 36.22 73.59 82.68
330 40.00 67.46 64.35
390 39.55 60.47 57.84
450 37.54 55.06 54.42
510 35.44 50.88 52.22
630 32.15 45.11 49.48
750 30.06 41.59 47.87
870 28.78 39.44 46.90
990 27.99 38.13 46.30
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As it can be seen in Tablel.1. heating the concrete panel with flue gas that flows
for 7p)=240 minutes under it in the pit and then discontinuing heating flue gas heats
the concrete panel surface up to 33C°. Considering the inertia of the heated concrete
panel, the process of surface heating continues to #,=360 minutes since the beginning
of heating during which the concrete panel surface heats up to 40°C and then starts to
cool slowly (Figure 1.3.).
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o 1° 3=0.22 (100%) —o—t°, x=0.11 (50%) ——1°. x=0 (0%)

Figurel.3. Dynamics of the concrete floor heating panel heating and cooling in the
middle of the panel, on the upper and lower surface

The developed mathematical model allows for modelling this process and
determining the optimal time f, and #;,. Considering the given panel sizes and the
thermo-technical parameters of heating, the optimal time of burning in one cycle is
240 minutes. Due to the heat inertia the heating of the panel surface continues for 120
minutes more. The mathematical model gives a possibility to determine the heating
and heat inertia time at any other heat accumulation constructions (Iljins u.c., 2005.).
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2. THE STRUCTURE AND OPERATION PRINCIPLES
OF HEATING THE PATENTED FLOOR WITH FKUE GAS

Construction of the heating system. The principal solution of the heating
system is shown in Figures 2.1. and 2.2. In the basement of the building also the air
lead-in 1, underfloor pit cleaning outlets 21 and a siphon-type flue gas condensate 22
outlet 13 are built. The inner ground is covered with a heat insulating foam
polystyrene layer the thickness of which varies proportionally to the flue gas
temperature in the underfloor pit; under it the inner perimeter of the basement is
covered with a thermo resistant heat insulating material 6, with mechanically strong
coverage forming a slope for leading the condensate to the flue gas condensate
collector 11. Flue gas barriers 18 are located on the ground heat insulation. The
whole inner surface of the flue gas pit 5 including the floor coverage panel lower
surface 4 is covered with smooth, technically strong and moisture resistant silicate
glue coverage 8. On the coverage panels a burner 3 is placed to which through the
opening 17 the outer air inlet 1 and the valve 2 are connected. The flue gas outlet
from the burner is in the flue gas pit 10. The floor coverage panels are covered with
air-tight heat insulation material 9. Flue gas and condensate filters 12 are in the
collector 11 and in the flue gas outlet from the pit 20. In the chimney 16 that is
located at the opposed side of the burner in the heated room a valve 15 and a smoke
pump 14 are installed. The outer walls of the building are built of heat insulation
material or from the outside insulated with heat insulation 19 in compliance with the
Latvian Standard requirements.

, e

Figure 2.1. Profile of the patented floor heating with flue gas:
1 — ambient outside air; 2 — air feeding valve; 3 — furnace with flue gas pipe and flame
damping sieve; 4 — floor coverage panels; 5 — underfloor flue gas pit; 6 — thermally strong
moisture resistant heat insulation; 7 — moisture resistant heat insulation; 8 — thermally
strong and moisture resistant coverage; 9 — insulating coverage; 10 — flue gas;
11 - condensate collector with filtrating reagent basket; 12 — flue gas and condensate
filters; 13 — siphon for condensate discharge; 14 — smoke pump; 15 - valve; 16 — chimney
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Figure 2.2. Upper view of the patented floor heating with flue gas:
1 — ambient outer air; 10 — flue gas; 17 — pit cleaning opening; 18 — flue gas barriers;
19 - outer heat insulation of the building; 20 — flue gas outlet to the chimney; 21- pit
cleaning openings; 22 — condensate

Description of the heating system operation. Before kindling the valve 15 is
opened. If it is necessary the smoke pump 14 is switched on supplying sufficient
artificial draught. The outside air 1 is drawn in the furnace; its feeding is regulated by
the valve 2. Fuel burns in the furnace 3. From the furnace flue gas is delivered into
the underfloor pit. Flue gas return heat to the floor covering panels, barriers 18
distribute it in the whole heating pit. The smooth, heat and moisture resistant inner
cover of the flue gas pit 8 ensures protection of the building constructions from
moisture, reduces flue gas flow friction and covering with soot. When flue gas cools
the formed condensate 22 is fed to the collector 11. The coverage of the whole
surface of the heated floor with insulation of appropriate thickness heat insulation 9
eliminates penetration of flue gas in the room and equalizes the floor surface
temperature saving it from overheating, especially around the heating equipment. The
chimney 16 is located on the opposite side from the furnace of the heated room; it
can be equipped with food smoking device and flue gas filter. In case if it is
necessary moving the chimney to one side the collector 11 can be cleaned and filters
12 can be replaced; therefore they are placed under the chimney on the bottom of the
pit. From the condenser collector condensate is fed through the siphon 13. Openings
17, 20 and 21 are used for cleaning of the flue gas pit (Visockis, 2006).
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3. EKSPERIMENTAL RESEARCH IN HEATING WITH A
METAL STOVE AND HEATING THE FLOOR WITH FLUE GAS

The aim and tasks of the experimental research
The aim of the research is to test, compare and determine practically the data of
thermo dynamic processes in stove and the theoretically elaborated concrete floor
heating with fuel gas solutions.
The tasks of the research:
To develop the research methods;
To prepare all conditions and instruments necessary for the experiment;
To do experimental measurements for heating with a stove;
To implement different solution versions for heating floors with flue gas to test
practically their operation;
To do experimental measurements for floors heated with flue gas;
To summarise and process the data of experimental measurements.

L=

oW

3.1. Introduction of floor heating with flue gas in the experimental object No.1.

Different solution versions are possible for construction of the described system.
In the given case the experimental research was carried out in a car service workshop
where the heating system was installed with flue gas flow under the floor of the
garage. The furnace is located in the repair pit. Fuel gas from the furnace through the
concrete wall of the repair pit flow into the area under the floor concrete covering
panels (Figure 3.1). Their height under the ground surface is in the average 200 mm.
The total area of the heated panels is 12m® For more efficient heat return of flue gas
in the underfloor area two partition walls are built so that flue gas fill the whole
heated area. Cooled flue gas from the underfloor area is discharged through a metal
chimney that stretches through the area giving heat to the air n the premises (Visockis
u.c., 2005.).

Experimental methods of floor heating with flue gas

1. In the object of experimental research the area, construction and materials of the
confining constructions and their thermo technical parameters were determined.

2. On the surface of the heated reinforced concrete panel floor with the area 12m*
under which flue gas flows the points for measuring temperature during the
experiment were marked (44 points for reading).

3. During the experiment the volume, mass and moisture of the burned fire wood
were determined.

4. Before starting the experiment the outer air temperature, the ambient air
temperature in the premises, the initial temperature in the furnace (A) and the
temperature on the top of the chimney (B) was determined by thermo couple
multi-meter and the floor surface temperature at the 44 marked places by the
infra red ray thermometer (Visockis. Infrasarkano..., 2005.).
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5. The furnace was filled with 0.021m’ mixed wood variety fire wood, the process
of burning and countdown were started.

6. During the experiment after definite time intervals temperature was recorded in
the points indicated in the point 2 and the furnace was refilled. The results are
summarised in Table3.1.

Identical methods are used also in further experiments.
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Figure3.1. Heating scheme of the experimental object No.1 with marked temperature
recording points on the surface (Visockis uc., 2005.)

In this system the heat of fuel gas is almost completely utilised that is proven by
the temperature at the outlet of the chimney (Table3.1); in turn, there are no heat
losses through the surfaces of the furnace as heat is left in the room, so it is used
usefully.

The average flue gas temperature in the flue gas pit during the experiment is
calculated summarising the flue gas inflow and outflow readings and dividing by
their number. The obtained average temperature during the whole period of recording
the experimental data (95°C) is inserted in the mathematical model and the
theoretical floor surface average temperature is obtained (See Table3.1. and
Figure4.1.). Comparing the data curve obtained theoretically and practically the
exactness of the mathematical model is determined.
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Table3.1.

Measurement results of floor heating with flue gas of the experimental
object No.1 and their comparison to the data of the mathematical model

Time, |Outside | Amount | Inside | Flue gas |Flue gas |Practically [Cheoretically
air of fire air temp. temp. obtained Obtained
temp., | wood., | temp., | flowing in the floor  |floor surface

from the |chimney purf.average| average
furnace, outlet, temp. temp.
min. | T, °C m’ T,, °C Ta °C Tg, °C Te, °C To, °C
0 7 0.0210 13 13 13 13.9 13.0
60 6 0.0284 23 210 30 15.3 16.4
100 6 0.0359 26 240 34 16.8 17.9
150 7 0.0433 27 255 32 18.6 20.4
180 6 0.0515 28 249 38 20.4 22.1
220 7 0.06 31 240 35 22.1 24.1
280 6 0.06 27 140 24 25.0 26.8
460 7 0.06 25 60 16 26.9 27.7
640 6 0.06 23 54 14 24.2 25.9
880 6 0.06 21 42 13 22.7 24.1
1180 6 0.06 16 21 12 19.1 20.34
35 0.07
30 s 0.06
/\_\ "
25 ; - 0.05 &
VSN
:%1" 20 g 0.04 :;
W= N
g 15 4 0.03 §
S |
10 0.02 =
O
5 0.01
0 : i i i i i : : : 0
0 60 100 150 180 220 280 460 o640 880 1180
Time , min

—=— Consumption of fire wood

—i— Temperature on the floor

—— Qutside temperature

—— Inside temperature

Figure3.2. Dependence of the floor surface and room air t° from the outside air t°
and the obtained amount of heat burning fire wood
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Figure3.3. Temperature of flue gas flowing from the furnace and underfloor pit

It can be seen in Table3.1. and Figure3.2. that with the increase of the fire wood
consumption from 0.02Im’ to 0.06m’, the inside air temperature increases
proportionally from 13 to 31°C and the maximal increase of the floor surface
temperature is from 13.9 to 26.9°C. After burning is finished when the consumption
of fire wood does not increase it can be seen that the temperature of the room and
floor surface gradually decreases. After 20 hours the room air temperature has
lowered to 16°C and the floor surface temperature has lowered to 19.1°C.
Temperature measurements during the first eight hours were done in the conditions
of varying outer air temperature. Nevertheless, these variations influence the
distribution of the heat flow from the source of heat to a little extent as they
practically equally influence the flow from the floor as well as the flow from the
surface of the furnace.

Analysing Figure3.3. it can be seen that flue gas in the underfloor pit cools
intensively giving away a considerable amount of heat to the heated concrete floor.

3.2. Comparison of thermo dynamic parameters heating with a stove and
floor heating with flue gas

The aim of this research is to compare heating with a stove (Figure3.4. and
Table3.2.) and floor heating with flue gas (Figure3.6. and Table3.3.) thermo dynamic
parameters with equal volume of the heated building, confining constructions,
construction of the heater, location, total consumption of fuel and other identical
data.
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Average results of the experimentally stated measurements of the object No.2
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Figure3.4. Temperature recording points
of the experimental object No.2 heated with a stove:
1 - on the floor; 2 — 300 mm above the floor; 3 — at the ceiling; 4 —in the smoke pipe
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Table3.2.

heated by the stove
Experim.  |Amount of Average temperature readings, °C
time, burned fire | OQut [Onthe | 300 mm| Upper | On metal
wood, |side | floor high | airlayer| smoke
min m’ pipe
0 0.023 0 0 0 0 0

30 0.023 0 0 8 30 250

60 0.035 0 0 10 60 330

90 0.035 0 1 15 80 430
120 0.044 0 1 16 85 420
150 0.044 0 2 16 90 380
180 0.06 0 3 17 95 300
210 0.06 0 3 17 101 205
240 0.06 0 4 18 90 150
270 0.06 0 5 18 85 120
300 0.06 0 6 19 80 90
330 0.06 0 6 20 70 65
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Figure 3.5.att. Temperature reading curves of the experimental object No.2
heated with a stove (K)

In the experimental object a metal stove is used as a kind of heating. To ensure
credibility of the results the experiment was repeated five times. Fuel burns in the
furnace that is made of 4 mm thick metal plates. The heated furnace heats 100 kg
heat accumulating stones. Flue gas flows from the furnace having temperature that in
the average reaches 430°C and is conducted in the chimney (Figure3.4.). In this
constructive solution in order to heat the experimental object from the surrounding
environment temperature till the necessary depending on the season, the heating time
till the average heated room temperature 70°C varies from 100 to 250 minutes.
Besides, the floor and the air layer approximately 300mm from the floor that is below
the furnace level almost do not heat maintaining the initial temperature (Figure3.5.).
Hot flue gas with the average temperature 200°C during burning flows from the
furnace through the smoke pipe and is conducted out of the heated premises causing
considerable heat loss.

At the initial phase of the burning process moisture is evaporated from the wood.
With natural draught the latent warmth of steam is mainly lost. Hot and moist flue
gas is intensively conducted into atmosphere causing draught and ensuring the
process of burning with outside air supply.
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Implementation of floor heating with flue gas in the experimental object No.2

In the promotion work floor heating with flue gas used for heating a sauna has
been elaborated and experimentally tested (Figure3.6.). The furnace is made of 4 mm
thick iron plates. A boiler for heating water is mounted in it. The upper surface of the
furnace is flat and in case if it is necessary it can be used as a range. In the side wall
that is directed towards the middle of the heated room an air-tight thermo resistant
glass packet is built. It gives a possibility to observe the process of burning and adds
the visual effect of the fire place but the fuel is fed from outside. There is no need to
bring fuel in the heated premises. They are not polluted with smoke and rubbish,
there is a vacant place opposite the furnace, fuel is not kept in the room and it does
not take any space. Fire safety improves. In the furnace door a thermo resistant
packet is built but the outer niche is furnished with esthetically attractive garden fire
place facade and additional heat insulation doors that eliminate heat loss to outside.
Burning the appropriate fuel the furnace can be used as a grill and heat can be
adequately used. Cooled and treated flue gas flow through the curing device and can
be used for smoking food products.
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Figure 3.6. Scheme of heating the floor
of the experimental object No.2 with flue gas:
1 - outside air supply and the valve; 2 — furnace; 3 — long arc of the underfloor pit heated
with flue gas; 4 — flue gas flow barriers; 5 — heated floor temperature reading points;
6 — flue gas short arc with a flow regulation valve; 7 — chimney
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Table3.3.

Results of experimental operation of floor heating with flue gas

Experiment Average temperature readings, °C
time, On 300 Upper From From
min ide | The mm Air the the
floor | high layer furnace pit
0 013 3 4 2 2
30 0 |15 10 19 230 25
60 0 |30 15 27 320 45
90 0 | 55 17 50 400 55
120 0 | 65 23 76 423 60
150 1 170 30 107 465 65
180 1 |75 36 123 333 66
210 1 |77 45 125 267 66
240 1 |80 45 120 187 64
270 2 |78 45 108 130 59
300 2 |72 45 96 91 54
330 1 | 68 40 87 71 49
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Figure3.7. Temperature recording curves of the experimental object No.2
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Using the measurement data of the experimental object No.2 the thermo dynamic
processes of the kinds of stove heating (K) (Table3.2., Figure3.5) and floor heating
(K+GA) (Table3.3., Figure3.7) at equal total consumption of fuel and similar initial
temperature are compared. The results are summarised in Figures3.8., 3.9., 3.10.
They clearly show the effectiveness of the additionally installed flue gas heated
floors in comparison to the stove heating where hot flue gas is delivered through the
chimney directly into atmosphere causing considerable heat losses.
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Figure3.8. Comparison of the upper air layer temperature of the experimental
object No.2 heating with stove (K) and floor heating with flue gas (K+GA)

It can be seen in Figure3.8. that during the first 130 minutes of burning using
stove heating and flue gas heated floor heating solution the upper air layer warms up
slower than using only stove heating. It can be explained by the fact that closing the
short flue gas flow arc and directing the flue gas to the underfloor pit it cools fast,
draught in the furnace reduces and with this also the intensity of burning fuel
reduces. When the underfloor pit gets hot and the temperature of flue gas entering the
chimney becomes higher, the draught increases. It results in increased air inflow in
the furnace that starts to ensure a more intensive and complete process of burning
fuel. The temperature in the furnace quickly increases and the dynamic of the heated
room heating becomes faster than the room heating intensity compared with stove
heating.
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Figure3.10. Comparison of the floor surface temperature of the experimental object
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4. THERMODYNAMIC AND ECONOMICAL
CALCULATIONS FOR FLOOR HEATING WITH FLUE GAS

4.1. The aim and tasks of thermodynamic and economical calculations of
kinds of heating

The aim of the calculations is to determine the amount of heat in the heated
premises comparing stove heating and floor heating with flue gas and to determine
the economic substantiation for implementation floor heating with flue gas.

Calculation tasks:

1. To calculate the amount of heat obtained in the heated room of the experimental
object No.1 from the heated concrete floor panels;

2. To calculate and by help of the mathematical model test the compliance of the
obtained theoretical data with the results of experimental measurements;

3. To calculate and compare the theoretically obtained amount of heat for the kinds
of stove heating and floor heating with flue gas;

4. To calculate and compare the experimentally obtained amount of heat for the
kinds of stove heating and floor heating with flue gas;

5. To calculate and compare the heat energy costs of fuels most often used in

Latvia;

6. To calculate and compare the installation and operation costs of the heating
equipment most often used in Latvia.

4.2. Thermodynamic calculations of floor heating with flue gas in the
experimental object No.1

Maximal heat that can be obtained burning fire wood:

0,=M-0.. 21
where: (Q,, — acquired heat amount, kJ;
M — fire wood, kg (in the given experiment M=23 kg);
Q. — lowest heating capacity of fire, kJ-kg
(for birch fire wood averagely 13 800kJ-kg™);
Amount of heat flown through the floor:
0, =-a,s, AT, 1. (22)
where: Q,, — heat amount, which to run out through floor, kJ;
a, — floor surface heat return coefficient, W-m?2 °C;
AT, =T,-T,, —difference between the floor surface and room air average
temperature, °C;
7— time of the experiment, s (70800 s).
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As it can be seen in Figure3.2. the room air heats faster than the floor surface.
So, while the furnace is intensively burned the floor receives heat from flue gas as
well as from the room air becoming the accumulator of the heat that at the given
moment is excessive. Heat accumulation from the air occurs in the period of time
from O till approximately the 320. minute. During the rest time the floor returns heat
to the room air and it happens when in the furnace intensive burning has seized,
therefore the length of heating considerably increases also after burning is stopped
(Visockis u.c., 2005.).

The floor surface heat return coefficient can be calculated according to the
following formula:

@, =3.10-AT," +22.2- AT, ™. (23)

As in different periods of time the difference of the floor and room air
temperature is not equal, also the heat return coefficient varies during heating. In
order to calculate the heat return coefficient and the heat balance of the separate heat
exchange stages when the direction of the heat flow changes, the results obtained in
the experiment were sorted in separate stages with different room air and floor
surface temperature, ¢, was calculated and the heat flow balance was prepared
considering the direction of the heat flow. Summary of the results is shown in
Table3.2. In the experiment the relation of the heat really transferred through the
floor against the maximally obtainable, so, the maximal heat obtained from fire
wood, is determined and the results characterise the effectiveness of the system.

According to formulae (21) and (22) Q,=317400kJ and Qg=36340k]J
approximately 11% of the total heat flows through the floor (Table 4.1.). The rest the
room gets from other heating surfaces of the system.

Table4.1.
Heat flow through the floor
Time . He.at.return Amount
min’ Temp. diff. , AT,,, °C coeff1c1ent2, of heat,
: a,, W-m N °C an kJ
0 0 - 0
60 -7.7 13.3 -2085
100 -9.2 13.5 -1411
150 -8.4 13.4 -1748
180 -7.6 13.3 -1042
220 -8.9 13.5 -1406
280 -2 17.5 -2741
460 1.9 17.9 8415
1180 3.1 14.9 27926
Amount of heat returned from the floor during the experiment, kJ 36340
Amount of heat return from the floor in relation to the total Q,/Q.,% 11
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In this system heat of flue gas is almost completely used what is proven by the
temperature at the outlet of the chimney (Table3.1.), in turn, there are no heat losses
through the stove surfaces as all heat is left in the room, so it is used usefully
(Visockis u.c., 2005.).

Comparing the average values of the heated floor temperature obtained in the
experimental object No.1 with the data of the theoretically elaborated mathematical
model (Table3.1.) it can be seen that the mathematical model depicts the data of the
heated floor heating and cooling dynamics. Using these data the graph has been
constructed (Figure4.1.). The average temperature of flue gas pit during the
experiment has been calculated by summing the flue gas inflow and outflow
temperature readings and dividing by their number. The obtained average
temperature during the whole time of recording the experimental data 95°C is
inserted in the mathematical model and the theoretical floor surface average
temperature is obtained (See Table3.1. and Figure4.1.).
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Figure4.1. Comparison of the thermo dynamic data of flue gas heated concrete
panels obtained experimentally and theoretically

Pearson correlation between these curves R2:0,988818088. The dynamics of
experimentally obtained temperature T,. falls behind the theoretically obtained
results T, by 0-3°C. It can be explained by the unhomogeneity of the covering panel
concrete mass (pipe type air chambers), unequal amount, temperature and flow of
flue gas as well as by other factors. This difference can be used as an additional
coefficient in order not to overheat the heated floor and to prevent from additional
ventilation of the heated premises causing heat loss.
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4.3. Theoretical comparison of the efficiency of traditional and floor heating
with flue gas

In order to get a definite amount of heat with the amount of moisture increasing
in fuel the consumption of fuel increases proportionally. These heat losses are not
considered in traditional heating systems. In floor heating with flue gas heat is taken
up and accumulated by the flue gas pit constructions. Flue gas is cooled in the
average till 30°C. Moisture is condensed and the latent heat energy of steam that was
used for evaporation of the moisture in fuel is regained.
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Figured4.2. Theoretical comparison of efficiency in the traditional heating
and using flue gas condensing equipment
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Reducing the temperature of flue gas delivered into the atmosphere under the
dew point the steam that is in it condenses. So it is possible to return the steam latent
heat energy raising the efficiency coefficient of the boiler. Steam and water that
formed in fuel in the chemical process burning wood condenses giving out the steam
latent heat 2260kJ from one kilogram of condensed water and cools.

If a conditioner is additionally used for condensing of flue gas and moisture and
temperature of the out flowing flue gas is obtained that is equal to the parameters of
the air supplied in the furnace, then the flue gas steam latent heat is regained 100%
(See Figure4.2.). If flue gas is dryer and cooler than the air the heat pump effect
occurs that additionally increases the efficiency coefficient of the heating system.

Using floor heating the distribution of temperature in the room is more effective
than compared to other kinds allowing for saving in the average 20% of heat energy.

4.4. Comparison of the obtained efficiency results of a stove and floor
heating with flue gas in the experimental object No.2

Comparing heating witch a metal stove (K) and supplementing it heating floors
with flue gas (K+GA) the obtained measurement data are summarised in Table4.2.

Table4.2.

Comparison of stove and floor heating with flue gas experimentally
obtained efficiency results

Exper. Average temperature readings, °C
time, |[Onthe| Onthe | 300 mm | 300 mm In the At the
floor floor high high upper air | ceiling
layer
min (K) | (K+GA) (K) (K+GA) (K) (K+GA)
0 0 3 0 3 0 4
30 0 15 8 10 25 19
60 0 30 10 15 60 27
90 1 55 15 17 80 50
120 1 65 16 23 85 76
150 2 70 16 30 90 107
180 3 75 17 36 95 123
210 3 71 17 45 101 125
240 4 80 18 45 90 120
270 5 78 18 45 85 108
300 6 72 19 45 80 96
330 6 68 20 40 70 87
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Inserting the Table4.2. data in Excel program the proportional; distribution of
the obtained heat is determined (See Figure4.3.). It gives a possibility to compare the
total amount of heat heating the object with a stove (K) and using the floor heating
system with flue gas (K+GA).
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) (K+GA) m On the floor (K+GA)

Figure4.3. Comparison of the amount of heat obtained in the experimental object No.2

Assuming that using floor heating with flue gas (K+GA) the total amount of the
obtained heat in all points of measurement has been shown 100% (Figure4.3.), but
using only the stove heating (K) it can bee seen that it is by 45% less. It is also seen
how many times (K) is less at every point of reading temperature compared to the
amount of heat obtained by (K+GA) as the heat of flue gas is not used.

It means that floor heating with flue gas increases the effectiveness of using heat
obtained from fuel by 45%.

In the promotion work comparing the costs of the battery, floor heating with
liquid fuel and floor heating with flue gas Figure4.4. has been made.
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Figure4.4. Comparison of installation costs of different kinds of heating, Lsm

From the discussed kinds of heating it is cheapest to install room heating with
batteries — 38.98Ls-m™, the next in the respect to costs floor heating with flue gas
follows - 42,18Ls-m™, and the most expensive to install is floor heating where liquid
fuel is used — 54.81Ls-m™.

Floor heating with flue gas effectively returns heat to the heated premises in the
result of what the heating effectiveness coefficient considerably increases; therefore,
it is economical to choose this kind.

Considering that for construction of floor heating with flue gas heating pipes are
not used, it cannot be damaged if operated correctly. Only the cleaning of the flue gas
pit can be added to the maintenance costs. Burning fuel completely minimal amount
of soot and ash is formed. Considering the size of the flue gas pit volume it is
necessary to clean it considerably more seldom than the chimney. The only
mechanical part of the heating system is a valve that regulates the flue gas flow in the
short arc. It also cannot get damaged. If the electric smoke pump is applied, it
consumes 0.1-0.15kWh of electro energy during heating. Building materials
produced in Latvia and local labour force are used.
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5. Properties of floor heating with flue gas

Construction peculiarities of floor heating with flue gas

1. With fuel burning flames and hot flue gas heat the furnace, it in turn — to the
heated room and water. Further flue gas is directed to the underfloor pit. The rest
of the heat is used for heating the floor covering panels. Cooled flue gas is
discharged through the chimney.

2. In floor heating with flue gas the underfloor pit concrete constructions are used
as heat accumulators the heat capacity mass of which due to the heat return
inertia continuously maintain the necessary micro climate in the heated premises.

3. Floor heating with flue gas acts as an additional element to traditional kinds of
heating. Adding it to any kind of furnace that is installed for heating premises in
compliance with the existing regulations, additional heat is obtained from flue
gas. The floor concrete construction mass accumulates heat and heats the
premises in the intervals between the cycles of burning equalising the
temperature variations in the heated premises. Using such solution heating is
considerably more seldom in comparison to the kinds of heating where there is
less heat accumulation ability.

3.1. Floor heating with flue gas can be used in dynamic regime when the heated
premises are used periodically and fore a short time with large time intervals
(for instance, sauna once a week). The room is heated by the furnace and a
thin (50mm) concrete floor layer that quickly heats and cools.

3.2. For continuous heating of the premises a thicker concrete floor layer is to be
used that slowly heats, maintains the desired temperature micro climate,
cools slowly equalising the temperature variations in the heated premises
and increasing the time interval between burning. It is desirable to locate the
furnace outside of the heated room or to heat insulate it so that it does not
influence the air temperature variations in the room.

4. For ensuring of a complete burning process the necessary air is supplied from
outside through a pipe with a flow regulating valve that is built under the furnace
level. It is necessary for complete separation of the heating system from the
inside premises. This way the flue gas cannot get into the room and the micro
climate and ventilation are not influenced unfavourably.

5. The furnace door must be air-tight or located outside the heated premises
because in case if due to coincidence of many factors the draught is insufficient
flue gas may not enter the heated room. It is desirable to furnish it with glass for
observation of the burning process.

6. In the concrete panel floor a heat sensor can be mounted that informs about the
surface temperature for due seizing of burning.

7. In floor heating with flue gas heating pipes are not built in the heat accumulation
panels so elimination the possibility for them to break and there is no need for
repair costs, there is no electro magnetic radiation in comparison to floor heating
where electric heating pipes are used.

75



The constructive solution of floor heating with flue gas envisages that the
heating equipment is in the heated premises without causing heat loss from its
surfaces. In versions if fuel is fed from outside (garden fire place) the outer
surface heat insulation is planned with additionally heat insulated doors.

The part of the chimney that is outside the heated premises should be covered
with heat insulation for the reason that due to inefficient heat losses when flue
gas cools the draught remains the same.

Conception and efficiency of floor heating with flue gas operation

1.

The conception of floor heating with flue gas envisages that before starting
heating the furnace is filled with the total amount of fuel unlike in the kinds of
heating where fuel is fed gradually, in parts.
It is important that the size of the furnace and its construction are maximally
corresponding to the necessary capacity. Fuel is poured over with incendiary
liquid starting an intensive burning process with maximal power. With all the
necessary fuel being supplied in the first filling time and burning fast the time of
burning becomes shorter and the amount of heat discharged together with flue
gas reduces. The surface of the furnace and the heated floors heat fast and it
heats the premises also fast.
Hot flue gas from the furnace is delivered into the underfloor pit. The heat
receiving area of it is more than two times bigger than the surface of the heated
floor (the lower, upper and side surfaces). For instance, if the area of a one
family household first floor heated floors is 70m?, the area of heat receiving
surfaces of the underfloor pit is approximately 145m? (the upper, lower and side
surfaces). Touching with the cool reinforced concrete constructions flue gas
cools and condenses returning them heat that is usefully utilized for heating the
floors of the room.
In floor heating with flue gas one of the most complicated issues is correct
ensuring of flue gas flow. In order to create draught through the underfloor pit
the simpler, most effective and economical solution is application of an electric
smoke pump. It created artificial draught through the underfloor pit and draws
from outside the air necessary for complete process of burning.
An essential advantage in comparison to the traditional solutions is that in this
case for obtaining heat the amount of excess moisture in fuel is not topical.
Burning moist fuel and regaining the latent heat energy that is used for
evaporation of moisture as well as regaining heat from water that is created in
the process of chemical reactions of burning biomass through condensing and
cooling it the obtained amount of heat from fuel does not change essentially.
The efficiency coefficient of floor heating with flue gas depends also on the
efficiency of burning fuel and how much heat is regained cooling flue gas
and condensate. In the optimal case the whole theoretically obtained heat
from fuel is effectively used independent on the amount of moisture in it
using dry fuel equivalent (See Figure 4.2.).
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In the result of these processes a high floor heating with flue gas efficiency
coefficient and efficient distribution of heat in the heated premises are
achieved.

5.4. There is no necessity to use energy and time drying fuel before burning. The
amount of burned fuel and its purchasing costs as well as the size of the
storage area reduce. Biomass that in the result is saved during its lifetime
processes carbon dioxide producing oxygen.

Using traditional heating hot flue gas are delivered into atmosphere causing
considerable heat loss. For instance, if flue gas with the average temperature
200°C flows through the smoke pipe the cross-section of whose area is 200mm®
for 3 hours with the average speed 4m-s™', 288m’ of hot flue gas are discharged
into atmosphere. In floor heating with flue gas the average flue gas temperature
is reduced approximately 7 times. Its efficiency coefficient is analogous to other
kinds of heating where floors are heated and flue gas condensing equipment is
used.

6.1.The heating efficiency changes depending on the outside air temperature,
burning length, fuel quality and other factors.

6.2. Periodically burning the heating efficiency coefficient is considerably higher
than burning constantly as warmer surfaces of the pit cannot so effectively
take away heat and cool flue gas. For instance, if in winter the rooms are not
heated for a long time, flue gas in the underfloor pit initially cool to the
temperature of the concrete floor covering. Heat is returned to the heated
floor and flue gas effectively cooled.

7. To increase the efficiency of floor heating with flue gas before discharging into

8.

the atmosphere it is desirable to cool them additionally flowing them through the
hot water heating heat exchanger. The rest of flue gas heat can be used for
heating cold water in the result of which the necessary for usage water
temperature will be obtained consuming less amount of hot water. To ensure
draught of flue gas it is necessary to use a smoke pump.

In order to obtain the maximal efficiency of the systems ensuring the micro
climate in the building, it is possible to regain the heat that is discharged with
flue gas, ventilation, condensate, sewerage and other emissions using the air
conditioner or a heat pump. The heat that is regained from the emissions and
equipment and returned for heating the premises and water additionally increases
the efficiency coefficient of heating and reduces the amount of harmful
emissions.
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Operation of floor heating with flue gas without using electrical energy

1. Such principle of operation is applied if electro energy for floor heating with flue
gas is not available, the smoke pump is not used and artificial draught cannot be
created.

At the initial stage of burning flue gas from the furnace have to be directed
through the short flue gas arc directly into the chimney avoiding the
underfloor pit (Figure3.6.) ensuring sufficient supply of the outside air and
draught for complete process of burning.

The flue gas flow in the short arc is controlled by a valve. It ensures optimal
flue gas temperature in the chimney and draught.

Flue gas flowing along the short arc in the chimney produces the ejection
effect. In the bottom part of the chimney and in the underfloor pit vacuum
forms, a part of flue gas is drawn through the underfloor pit long arc.
Flowing through the underfloor pit flue gas intensively cools and cools also
the chimney. Therefore, the flow of hot gas is to be regulated by a valve that
maintains the necessary temperature in the chimney.

When the underfloor pit is hot and the temperature of flue gas flowing
through it in the chimney exceeds the temperature of the outside air t° by
20°C, the short flue gas arc is completely closed reducing heat losses.

2. Additional draught is created also by wind and ejectors of different constructions
with variable effectiveness. Constructing heating system it is not possible to rely
on it.

3. At the initial stage of burning evaporating moisture from fuel a considerable
amount of heat energy is consumed. Moisture containing flue gas through the
short flue gas flow arc is discharged into the chimney losing heat energy
permanently. It causes considerable heat loss.

4. Nevertheless, floor heating with flue gas is considerably more efficient than
traditional kinds of heating where also the principle of complete and intensive
burning is used, but flue gas without additional cooling in condensation
equipment is discharged into atmosphere.

5. Floor heating with flue gas is considerably more efficient also than such kinds of
heating where the length of heating is regulated by limited air supply to the
process of burning. With fuel burning incompletely a part of heat energy is not
obtained. The formed flue gas that contains carbon, carbon monoxide and other
harmful substances is discharged into atmosphere.

78



10.

11.

CONCLUSIONS

Comparing different kinds of fuel used in Latvia it has been stated that at the end
of 2006 coal is the cheapest (in the average 0.0058Ls-(kWh)™"), fire wood
follows (in the average 0.0130Ls-(kWh)™"), natural gas (0.0166Ls-(kWh)™"), but
electro heating is the most expensive (0.052 Ls-(KkWh)™).

Considering the amount of harmful emissions biomass fuel is ecologically the
most favourable for which the amount of carbon dioxide balance in the life cycle
circulation is 0. Using decentralised heating wood is technologically the
cheapest.

Evaluating the properties of the most widely used heaters and the climatic
conditions created by them it has been stated that warm floors are the most
comfortable. They have by 20% more efficient distribution of the used heat in
the heated premises. But it is complicated and expensive to install these floors.
In the promotion work a mathematical model has been elaborated by means of
which the parameters of the thermo dynamical processes are obtained in
different depth of concrete floor panels heated with flue gas.

Using floor heating with flue gas the amount of moisture in fuel is not so
important in comparison to other kinds of heating as the amount of heat that is
used for evaporation of moisture is regained in the underfloor pit condensing flue
gas.

In the experimental research it has been stated that using heating with a stove the
floor temperature during burning increases from 0°C to 3°C, but 30 cm above the
floor - from 0°C to 17°C. It proves that the floors and the lower layer of air in the
heated premises using stove heating heats insufficiently without ensuring
conditions of comfort.

Introducing floor heating with flue gas the room air temperature 30 cm above the
floor is 2 times higher in comparison to stove heating so ensuring comfortable
conditions.

Introducing floor heating flue gas flows into the underfloor pit with maximal
temperature 465°C, but leaves with maximal temperature 66°C. With flue gas
cooling partial treatment of flue gas takes place in the underfloor pit.

Introducing floor heating with flue gas in the upper layer of air in the heated
premises the temperature 100°C is reached by 40% faster in comparison to stove
heating consuming equal total amount of fuel. Besides, 20% higher maximal
temperature in the premises is reached.

It is possible to ensure the desirable floor heating effectiveness choosing
appropriate thickness of the heated concrete panels and heating regime.

If floor heating with flue gas is implemented then in comparison to stove heating
a considerable reduction of flue gas outflow temperature is achieved getting 46%
bigger amount of useful heat. In the result for ensuring the desirable micro
climate in the heated premises proportionally less amount of fuel has to be
consumed, besides, also the amount of harmful emissions reduces.
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12.

13.

The implementation costs of floor heating with liquid fuel in October, 2007 are
54.81Ls'm™, but floor heating with flue gas — implementing it in the
experimental object they are 42.18Ls~m'2, that is, by 23% less.

Floor heating with flue gas can be installed using mainly in Latvia produced
materials and the local labour force so creating an alternative for importing of
the heating system parts.
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