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DARBA AKTUALITATE

Pieejamo informacijas avotu un zinatnisko pétfjumu analize liecina, ka
daudzi lidz§ingjie ptijumi ir saistiti ar zZid€jsivénu novietnu temperatiiras reZima
nodro$inasanu.

Noskaidrots, ka vélamai gaisa temperatiirai sivénu migas talit p&c sivénu
piedzimsanas jabut 35-37°C robezas, bet gaisa relativajam mitrumam 60-70%
(Close, 1992; Saviés, 1981; Piglet Survival: New Thinking on an Old Problem,
2009). Savukart temperatiras komforta zona ziditajsivénmatém ir robezas
no 12 Iidz 22°C, atkariba no to baro$anas limenpa, gridas tipa un citiem
apstakliem (Black et al., 1993; Bundy et al., 1984; Deen, 2010; Connor,1993;
Skéle et al., 1999).

Viens no ekonomiski efektivakiem un labakiem zid€jsivénu migas apsildes
risinajumiem, vadoties no labturibas viedokla, ir ar Gideni apsildamie silpdaneli.
Tacu $adu sildpane]u konstrukcija lidz $im nav teor€tiski pamatota un izpétita
(Ziemelis, 2003).

Biitiska nozime ir arT pareiza, zootehniskiem normativiem atbilstoSa gaisa
sastava nodro$inasana sivénu novietn€s, izmantojot gan dabiskas, gan piespiedu
veédinasanas sist€émas. Intensivaja cikkopiba priekSroku dod piespiedu
veédinasanas sisttmam ar izvadama gaisa atsfici. (Ilsters et al., 2001;
Priekulis et al., 2003; Hoff et al., 1995; Bjerg et al., 2008). Tacu problematiska ir
mitnes veélamas gaisa temperatiiras nodrosinasana it Ipasi ziemas perioda.

Pedgjos gados $im noliikam sak izmantot siltuma stiknus un siltummainus
(Ilsters et al., 2007; Ilsters et al., 2008a; Ilsters et al., 2009;
Ilsters, Ziemelis, 2009), bet nav noskaidroti to efektivakie izmantoSanas
risinajumi un ekonomiskais izdevigums atkariba no ara gaisa temperatiras.

PETIJUMU OBJEKTS, HIPOTEZE, MERKIS UN
UZDEVUMI

Pétijumu objekts — zid&jsivénu novietne aukstaja un parejas laika perioda.

Pétijumu hipotéze — zid&jsivénu novietnés nepiecieSamo siltuma reZimu ir
iespgjams nodros§inat: izmantojot dzivnieku radito biologisko siltumu, lietojot
piemérotus sivénu viet€jas apsildes pap€mienus, ka ari atjaunojamos energijas
avotus un citus tehniskos lidzeklus, atkariba no sivénu vecuma.

Pétijumu merkis — teorétiski un eksperimentali izvertét nepiecieSama
siltuma reZima nodroSinasanu zidgjsivénu atpiitas vietas, maksimali izmantojot
vietgjos un atjaunojamos energoresursus.

Pétijumu uzdevumi:

e apkopot pétljumu rezultatus par zoohigieniskam normam atbilstoSa

mikroklimata nodrosinasanas tendencém, likumsakaribam un siltuma
rezZimu ietekméjosSiem faktoriem zid&jsivénu atpiitas vietas;



e izstradat gridas panela matematisko modeli zidgjsivénu atpiitas vietam,
kuras apsildamas ar $kidru siltumnesgju, lai nodroSinatu nepiecieSamo
siltuma sadalfjuma vienméribu un temperatiiras Iimeni pa sildpanela
darba virsmu;

e  izprojekt®t un izgatavot eksperimentalo gridas sildpaneli, izstradat ta
parbauzu metodiku un veikt ieglito rezultatu salidzindjumu ar
teorétisko petijumu rezultatiem, kuri iegiiti izmantojot gridas panela
matematisko modeli;

e izstradat risindgjumu sivénu novietnes VElamas temperatiiras
nodro§inasanai ar atjaunojamas energijas avotu palidzibu un noskaidrot
$adas apsildes izmantoSanas iespEjas pie pazeminatam ara gaisa
temperaturam,

e veikt sivénu sildpanela ekonomiskas efektivitates noverteéSanu,
izstradajot attiecigu aprékinu modeli.

PETIJUMU METODES

Promocijas darba izmantotas pétijjumu metodes: statistika, analize, sintéze,
matematiska modeléSana, simulacija, prognozéSana, eksperimentéSana
(laboratorijas un razo$anas apstaklos), ekonomiska novérté$ana un salidzinasana.

AIZSTAVESANAI IZVIRZITAS TEZES

1. Zidgjsivenu migas gridas apsildei var lietot sildpaneli, kur§ apsildams ar
karstu Gideni, nodro§inot nepiecieSamo temperatiiru uz panela darba virsmas.

2. Siltummainus un siltuma siiknus ir iesp&jams izmantot zidgjsivénu novietné
ievadama gaisa sildiSanai, ka ari silta Gidens razoSanai zid€jsivénu migu
gridas panelu apsildei.

3. Ar udeni apsildama sildpanela razoSanas izmaksas ir mazakas, salidzinot ar
citiem sivénu migas lokalas apsildes variantiem.
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DARBA ZINATNISKA NOVITATE UN PRAKTISKAS
IZMANTOSANAS IESPEJAS

Izstradats matematiskais modelis un konstrukcija ar siltu tideni apsildamam
panelim, kas paredzEts nepiecieSamas temperatliras uzturéSanai uz
zidgjsivénu migu gridas virsmas.

Izstradata datorprogramma apsildama gridas panela galveno konstruktivo
un siltumtehnisko parametru aprékinam.

Izstradats risinajums sivénmasu novietnes gaisa apsildei, izmantojot
siltummaini un siltumsiikni (LV14371 patents)

PETIJUMA IEROBEZOJUMI UN PRIEKSLIKUMI
TALAKAI TEMAS IZPETEI

Petfjums ietver ziditajsivénmasu novietnes gaisa temperatiiras un relativa
mitruma nodroSinasSanas tehnisko variantu analizi un izstradi, ka ari
optimalas temperatiiras nodrosinasanas risinajuma izstradi.

Pirms sildpanelu serijveida razo$anas uzsaksanas, ir javeic eksperimentalo
sildpanelu mehaniskas izturibas, nodilumizturibas, temperatiiras Iimena, tas
sadalfjuma u.c. parbaudes ciiku novietnes ar dziviem sivéniem uz tiem.



1. TEORETISKIE PETIJUMI

Promocijas darba ir analiz&ts ziditajsivénmasu novietnes siltuma bilances
vienadojums, lai noskaidrotu iesp&jamibu nodro$inat optimalo siltuma rezimu
pie zemam ara gaisa temperatiram, izmantojot lokalos apsildes Iidzek]us un
atjaunojamos energoresusrsus.

Izstradats sildpanela teorétiskais modelis zid€jsiveénu atplitas vietas gridai,
kur$ apsildams ar $kidru siltumnesgju. ST procesa teorctiskai izpétei ir izstradati
divi matematiskie modeli.

Pirmkart, izveidots matematiskais modelis $kidra siltumnes€ja atdziSanas
intensitates noteikSanai jebkura sildcaurules $k€luma, sakot no siltumu nesosa
Skidruma ieplides vietas, kas dod iesp&ju noteikt patngjo sildcaurules jaudu
jebkura tas sk€luma.

Otrkart, izstradats matematiskais modelis, kas rada iesp&u noteikt
temperatiiras sadalijumu pa sildpanela virsmu, ievértgjot iepriekS noteikto
siltumnesgja atdzi$anas intensitati. legiitais risindgjums dod iesp&ju aprékinat
temperatiiru jebkura sildpanela $kérsgriezuma punkta, ieskaitot ta darba virsmu.

1.1. Ciku novietnes siltuma bilance

Siltuma rezimu zid&jsivénu atrasanas zona liela méra nosaka telpas kopg&jais
siltuma un mitruma reZims. Ziemas un parejas periodos ara gaisa temperatiiras
un mitruma vertibas ieverojami atSkiras no tam, kadas ir nepiecieSamas kts
iek§€ja gaisa un sivénu atrasanas zona. Tap&c notiek nepartraukta siltuma un
mitruma apmaina starp kiits iek$gjo un argjo gaisu ar izlidzinasanas tendenci, bet
to kave €kas norobezotajkonstrukcijas (btivkonstrukcijas).

Qw + Qqz + Q¢ + Qi + Qpak + Qatgvent = (1.1.)
= Qpaw T Qgsild + Qxizev + Qventg + Qpars
kur  Qy — kuts apsildei nepiecieSama siltuma pliisma, W;

Quz — dzivnieku izdalitais brivais siltums, W;

Qe — elektroiericu izdalita siltuma pliisma, W;

Qs — lokalo silditaju izdalita siltuma plasma, W;

Qpak — pakaiSu izdalita (paterétais) siltuma plisma, W;

Qatgvent — nO izvadama telpas gaisa atgutda siltuma plusma

gadfjuma, ja ventilacijas sisttma ir ierikots
siltummainis, W;

Qpiww — siltuma zudumi caur kats argjam
buvkonstrukcijam, W;

Qgsita — nepiecieSama siltuma plisma telpa iepliistosa
svaiga ara gaisa uzsildisanai, W;

Qsizev — siltuma izlietojums skidruma iztvaikosanai no mitras
gridas, W;



— siltuma pliisma, kuru satur no kits
izvadamais gaiss, W;
Qpar — siltums, kas nepiecieSams no ara ievestas baribas
sildiSanai, W.
No vienadojuma (1.1) seko, ka bitiskakie faktori, kas nosaka kits
veédinasanas un apsildes rezimu, ir:

e dzivnieku izdalita siltuma plisma un nepiecieSama kits gaisa
temperatura,

e gaisa apmainas intensitate ziemas perioda, kuru nosaka dzivnieku
izdalitas oglskabas gazes daudzums un tas pielaujama koncentracija
kiits gaisa;

e siltuma zudumi caur kits argjam biivkonstrukcijam, kas atkarigi no
bGvmaterialu  siltumtehniskiem parametriem un ara gaisa
temperaturas.

Qventg

1.2. Siltumneséja temperatiiras un sildcaurules siltuma atdeves intensitates
samazinajums atkariba no caurules garuma

Ja sildpanela sildiSanai izmanto elektrisko sildkabeli, tad panelim atdota
Ipatngja jauda no katra sildvada garuma teko$a metra ir nemainiga. Ja turpretim
ka siltumnesgju izmanto uzkarsétu Skidrumu, kur§ pliist pa panela korpusa
iestradatu sildcauruli, tad $is Skidrums pakapeniski atdziest un no katra nakosa
sildcaurules teko$a metra panelim atdotais siltuma daudzums samazinas.

1 2
( ™ N
[ A .
SN
l | 3.5, 10 10 10 . 10 10 35
| I I I 0.9 0.0/0 0
N T
|
U U |
| T
l

1.1. att. Sildpanela konstrukcija (izméri doti cm) /
Fig. 1.1. Construction of the heat panel (dimensions in cm):

1 — ar betonu aizpildita sildpanela dala; 2 — sildcaurules vijumi; 3 — siltuma izolacijas slanis

1 — concrete; 2 — heat tube coils; 3 — layer of heat insulation
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Lai risinatu matematiskas fizikas problému, nosakot siltumu nesosa
Skidruma atdziSanas intensitati, tam plistot pa sildcauruli, ir sastadita attieciga
aprékina shéma (1.1. att., 1.2. att.).

AX
M(r;z) To

\ "Iv> \ >
jz gradT z

1.2.att. Aprékina shéma Skidruma pliismai sildcaurulé /
Fig. 1.2. Calculation scheme of a fluid flow in the heat tube:

T, — apkartgjas vides temperatiira; z — caurules $kérsgriezuma punkta M koordinate; r — caurules
radiuss; v — siltumu nesosa skidruma pliismas atrums; gradT — temperatiiras gradients

T, — environment temperature; z — point M coordinates at the cross-section of the tube; r — tube
radius; v — velocity of the heat transfer fluid; gradT — temperature gradient

Problémas atrisinasanai apskata laminaru skidruma plismu pa cauruli ar
radiusu r un atrumu ¥ = const (1.2. att.). Ta ka siltuma pareja (parnese) notiek
ne tikai vadiSanas cela, bet arl Skidruma plismas rezultata, tad procesu var
aplikot ka nosacitas piespiedu konvekcijas modeli. Sildcaurule ir apala, tapec
siltuma vadiSanas diferencialvienadojums risinams cilindrisko koordinatu
sisttma (r,@,z). Visparigais siltuma vadiSanas diferencialvienadojums ir
sekojoss (Miskis, 1968):

aT . q
Pl aAT — vgradT + e (1.2)
kur aa—: — temperatiiras izmaina laika vieniba;
A — Laplasa operators;
a — temperatiiras vaditspgjas koeficients, m” s';
v — Skidruma pliismas atruma vektors, m s
gradT  — temperatiras gradients, vektors, kur§ nosaka
temperatiiras izmainas intensitati pa izotermiskas
virsmas normali;
q — siltuma avota Tpatn&ja jauda, W m™;
c — siltumnesgja siltumspgja, J (kg K)';
p — siltumnesgja blivums, kg m™>.
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Formulgjam robeznosactjumus. Vispirms formulé 1. veida robeznosactjumu

(2.13), kad caurulg iepliist Gdens ar temperatiru T = T; (MuxeeB, Muxecga,
1977):

Tly=0 = T1. (1.3)

Saja gadijuma nosaciti pienem, ka caurule ir bezgaligi gara (z — ) un
tidens, plustot pa cauruli, atdziest Iidz apkartgjas vides temperatirai T = T (1.4):

Tly=e = Tp- (1.4)

P&c tam formul€ 3. veida robeznosacijumu uz virsmas, kas raksturo siltuma
apmainas procesu ar apkart€jo vidi, kur T, ir apkart&jas vides temperatiira:

23| = a(Thep = To), (1.5)
orly=pg
kar 2 —sildpanela materiala (betona) siltuma vaditspgjas
koeficients,W (m K)™;
a — sildpanela virsmas siltumatdeves koeficients, W m™? K.

Lielums «a ir proporcionalitates koeficients, kas tiek saukts par
siltumatdeves koeficientu. Tas ir skaitliski vienads ar siltuma daudzumu, kas tiek
novadits vai pievadits no 1m” virsmas viena laika vieniba pie temperatiiras
starpibas 1 K.

Atrisinot vienadojumu (1.2) pie definétiem robeZnosacijumiem, iegiist:

(B- |B2+u3)z

oo J1(ukR)Jo(ukR)-€

T2 = To + 2010 = To) Zices =0, 2wz - (1°0)
kur T,, Ty — sildcaurules sakuma un apkart&jas vides temperatiira, ° C;

r —sildcaurules ieks$gjais radiuss, m

R —sildcaurules argjais radiuss,m;

[T —Tpagvertiba, m™;

vA — caurules posma garums, m;

B — substitiicija, kur § = %, m>;

Jo,J1 —Besela funkcijas.

legiita izteiksme ir izmantojama temperatiiras aprékinam punkta ar
koordinatém r un z, t.i., attaluma r no caurules centra un attaluma z no pliismas
sakuma (siltumnesgja iepludes Sk€luma caurule, miisu gadijuma apsildamaja
panel). Tatad vienadojums (1.6) apraksta siltumnes&ja atdziSanas sp&ju, kas lauj
noteikt temperattiru uz sildcaurules virsmas jebkura punkta. Vai arT otradi - zinot
temperatiiras krituma vertibu un ievadot formulas Excel programma, ar Solver
Tools palidzibu ir iespgjams atrast siltumatdeves koeficienta o vertibu.

Atvasinot vienadojumu (1.6) p&c z un, reizinot to ar sildcaurules loka
garumu, ieglst vienadojumu, kas apraksta siltuma avota tpatngjo jaudu (1.7).
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ar
q(r;z) = —2nR - /15 =

(B-|B2+ud)z

- (17)

o J1(ugR) Jo(ugR)-
=-2nR-A- (B — B2+ u2) 2(T, — Tp) Yo, T2 feme

() [Jo? (iR +J12 (UkR)

1.3. Temperatiiras sadalijums pa sildpanela virsmu

Zinot siltumnes€ja atdziSanas intensitati un defingjot sildpanela sanu,
apaksgjas un augs$gjas virsmas robeznosacljumus, ir iesp&jams izstradat
sildpanela matematisko modeli, ar kura palidzibu, veicot attiecigus sildpanela
konstrukcijas siltumtehniskos aprékinus, var noskaidrot temperatiiras sadaltjumu
pa sildpanela darba virsmu.

y

Xoij

»

%
%

Yo

Y2
| —
Il
S

XXX x
0 R )

1.3. att. Sildpanela $kérsgriezums, kuram sildcaurules izvietotas divos
atSkirigos augstumos /
Fig. 1.3. Crossection of the heat panel where heat tubes are displaced in to the
two levels:

i— slana apzim&ums; H — panela augstums; d — sildpanela platums; y — noteikta sildcaurules vijuma
koordinate pa y asi; x — noteikta sildcaurules vijuma koordinate pa x asi; 1 — ar betonu aizpildita
sildpanela dala; 2 - sildcaurules; 3 — siltuma izolacijas slanis

i — level designation; H — panel height; d — panel width; y — certain heat tube coil y axis coordinate;
x — certain heat tube coil x axis coordinate; 1 — with concrete filled in heat panel part; 2 — heat tube
coils; 3 — heat insulation

Ka jau iepriek§ minéts, matematiskais modelis tiks izstradats gadijumam,
kad siltuma avotam piemit mainiga siltuma atdeves intensitate. Piemé&ram,
karstajam siltumnesim — tidenim, pa sildcauruli nopliistot noteiktu attalumu,
samazinas ta temperatlira un arl siltuma atdeves intensitate. Lidz Sim $ada
sildpanela matematiskais modelis nav izveidots. Ir tikai zinams matematiskais
modelis ar elektribu apsildamiem sildpaneliem un gridam (Iljins et al., 1987a;
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Iljins et al., 1987b), tacu tiem siltuma atdeves intensitate no atseviskiem
sildcaurules vijumiem ir nemainiga.

Saja darba izstradatais sildpanela matematiskais modelis (1.3. att.) Jauj ari
ievertet siltuma atdeves mainigas intensitates vertibas sildpanela sanu malas, t.i.,
var model@t sildpaneli, kuram siltuma izolacijas ir tikai viena ta sanu mala.

Lai aprékinatu temperattiru jebkura panela Skerzgriezuma punkta, ieskaitot
ta darba virsmu, ar Laplasa vienadojumu (1.8) vien nepietiek. Tade] defingjam
robeznosacijumus. Pirmie tris, (1.9), (1.10) un (1.11), ir tresa veida
robeznosacijumi, bet ceturtais (1.12) ir otra veida robeZznosacijums. Piektais
(1.13) un sestais (1.14) ir ceturtad veida robeznosacijumi vai, t.s., saSti$anas
robeznosacijumi.

VT =0, (1.8)
aT
AE =0 =g, (Tlx=0 — To), (1.9)
aT
—a5| =y Tlea = To). (1.10)
aT
A5, = @l = 1o, (1.11)
aT
15, =, (1.12)
Tily:yi+1 = Ti+1|y:J/i+1’ (1.13)
oT; oT; m;
-1 + A =qX;" 0(x —xq), (1.14)
oy YV=Yi+1 oy YV=Yi+1 = o
kur  m; — sildcaurules vijumu skaits i-taja grupa;
0(x — xp;5) — Delta funkcija;
as, — sildpanela labas sanu virsmas siltumatdeves
koeficients, W m2 K!;
as, — sildpanela kreisas sanu virsmas siltumatdeves
koeficients, W m2 K!;
a, — sildpanela augsgjas virsmas siltumatdeves
koeficients, W m? K'l;
q(x) — funkcija, kas apraksta siltuma zudumus caur
sildpanela apaksgjo virsmu, W m™;
T, — apkartgja gaisa temperatiira sivénu novietng, °C;
A — siltuma vaditspgjas koeficients (miisu gadijuma

betonam), W m~ K.

Koordinatu sisttma (x, y) Laplasa vienadojuma visparigais atrisinajums ir
izteikts ar trigonometrisko un hiperbolisko funkciju rindu (Riekstins, 1969):
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o= e annas o) [MRGEOT TSN, (s)
kur X,y — punkta koordinates, kur tiek noteikta
temperatura, m;
Vi — slana augstakais punkts, m;
Ay, @y by, Crp Ay @ —  brivi izveletas konstantes;
& — Tpasvertiba, m’;

Risindjuma gaita atrod izteiksmes brivi izvEletam konstanttm un
Ipasvertibam:

A
ay, = Chfk(H_}’i)+a_j5hfk(H_yi), (1.16)
y!
by, = sh i (H — y)) + - ch & (H — 3. (1.17)
o= 230, 378 aj sinixoi+en) ch §kvi=y) (L.18)
k; = - ) .
i lfkd[1+cosz(§kd;?;; coszwk]
i - 237, 3% a4 sin(ixoi+@k) sh§x(i=yi) (L19)
ki Afkd[l : cos z(fkd:;p:;—cos Z(pk] > .
A = 2300, Z;-nzri qj sin(§xXoij+Pr)ch Eryi=—Ik (1.20)
k Aikd[l ,cos 2(§kd;§<p:; —cos z(pk][ch ExH+bsEd sh ka], .
__ byby(&gd)? tan égd—tan §xd
£ = S ondt : (121)
@, = arctg(b,é,d). (1.22)
Izteiksmés (1.20, 1.21., 1.22) ieviestas substitiicijas:
yl
b, = o (1.23)
yl
b, = P (1.24)
yl
b3 = ﬂ’ (125)
H- 1
7 .
I = %4 @) 74 sin(rxXoij + 91, (1.26)
7+Z+E
kur Xoij> ¥i — sildcaurules koordinates, m;
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H —sildpanela augstums, m;

d — sildpanela platums, m;

q; — sildcaurules ipatngja jauda, W m™;

Aiz —izolacijas siltumvaditspgjas koeficients,
W (mK)™".

Modelgjot temperatiiras sadalfjumu, pie nosacijuma, ka sildpaneli ir 11
sildcaurules vijumi ar dazadiem izvietojuma risinajumiem (1.4. att.), var secinat,
ka lai ieglitu pec iespgjas vienmérigaku temperatiiras sadalijumu pa sildpanela
darba virsmu, ir ne tikai jasamazina sildcaurules vijumu izvietoSanas solis,
tuvojoties sildpanela ar€jam malam, bet arl jamaina sildcaurules vijumu
izvietoSanas augstums.

37
35 -~ T —

., X
27 \\

25

Temperatira, °C/ Temperature, °C

0 0.2 0.4 0.6 0.8 1

Sildpanela koordinates ta platuma, m/
Heat panel coordinates at its width, m

1.4. att. Temperatiiras sadalijums pa sildpanela darba virsmu /
Fig. 1.4. Temperature distribution over the heat panel working surface:

1 — mainigs sildcaurules solis; 2 — mainigs sildcaurules solis un vienai sanu malai siltuma izolacija;
3 — konstants sildcaurules solis; 4 — mainigs sildcaurules solis un tas izvietoSanas dzilums

1 — variable step of the heat tube, 2 — step of the heat tube is variable and one of the side surfaces is
insulated, 3 — constant step of the heat tube, 4 — variable step and depth of the heat tube

1.4. attela variants, kad mainits sildcaurules vijumu solis un augstums ir
redzams ka linija 4, un temperatiiras starpiba starp maksimalo un minimalo
vertibu sastada 0.54°C, savukart kad mainits tikai sildcaurules vijumu solis
(Iinija 1) ta sastada 0.68°C. Tadgl, ka tas ir redzams no attéla, Iinijas 1 un 4
savstarpgji praktiski sakrit. Saskana ar pienemtajam prasibam (Ziemelis, 2003),
maksimali pielaujama temperatiiras izkliede pa sildpanela darba virsmu ir 2°C
(maksimala veértiba minus minimala vertiba). Tas nozimé&, ka projektgjama
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sildpanela gadijuma nav nepiecieSams apskatit variantu ar mainigu sildcaurules
vijumu izvieto$anas augstumu, jo tas sarezgi sildpanela izgatavo$anu un tikai
nedaudz uzlabo temperatiras sadalfjuma vienmérigumu pa sildpanela darba
virsmu.

1.4. Caur sildpanela virsmam nopliistosa siltuma daudzuma aprékins

Ieprieksgja nodala tika ieglita sakariba temperatiiras noteikSanai jebkura
sildpanela Skersgriezuma punkta. legiito temperatiiras aprékina izteiksmi (1.15)
atvasinot péc noteikta parametra un integr&jot pa panela platumu vai augstumu,
ka arf reizinot ar sildpanela siltuma vaditspgjas koeficientu A, ieglistam formulu
siltuma pliismas vertibas noteikSanai no konkrétas sildpanela virsmas

Qu

\ ) oo () \
L < Q > \L k
1.5. att. Siltuma pliismu aprékina shema no sildpanela virsmam/
Fig. 1.5. Heat flow calculation scheme of the heat panel:

Q. — siltuma plasma caur apaksgjo sildpanela virsmu; Qu — siltuma pliisma caur augsgjo sildpanela
virsmu; Qg un Qg — siltuma plisma caur sildpanela sanu malu virsmam; i — slana apzim&jums;
H — panela augstums; d — panela platums; y — noteikts sildcaurules vijuma augstums (koordinate pa y
asi); x — noteikts sildcaurules vijuma attalums (koordinate pa x asi); 1 - ar betonu aizpildita sildpanela
dala; 2 — sildcaurules vijumi; 3 — siltuma izolacijas slanis

Q. — heat flow from the lower surface of the heat panel; Qu — heat flow from the upper surface of the
heat panel; Q. un Qs — heat flow from the side surfaces of the heat panel; i — level designation; H —
height of the heat panel; d — width of the heat panel; y — certain height of the heat tube coil (y axis
coordinate);x — certain distance of heat tube coil (x axis coordinate); 1 — with concrete filled in heat
panel part;2 — heat tube coils; 3 — heat insulation level

Ta, pieméram, izvedot formulu siltuma plismas noteikSanai caur sildpanela
augsejo virsmu @y vai apaksgjo - Q,, ir jaatvasina pec koordinates y un jaintegré
pa sildpanela platumu. Attiecigi meklgjot siltuma pliismas no sildpanela sanu
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malam @, un Qg,, jaatvasina péc koordinates x un jaintegré pa sildpanela
augstumu (1.5. att.):

doT

w=10% L0 (1.27)
00T

0, =A% v, (1.28)
00T

Q=2 5|y=0 dx, (1.29)
Ho

Qo =20y 5| _ (1.30)

Sada veida ieguva formulas siltuma plismas aprékinam no dazadam
sildpanela sanu malam, kas lauj noteikt un paredzét nepiecieSamo siltuma
zudumu Itmeni. Pieméram, sivénu apsildamo panelu gadijuma rodas nelietderigi
siltuma zudumi uz kiits gridu. Tatad japaredz noteikts siltuma izolacijas veids un
tads slana biezums, lai Sos siltuma zudumus maksimali samazinatu.

2. EKSPERIMENTALIE PETIJUMI

Promocijas darba ir izstradats sildpanela konstruktivais risindjums un veikti
ta eksperimentalie pétijumi, lai salidzinatu teorétiskos un laboratorijas apstaklos
ieglito pétfjumu rezultatus. Laboratorijas apstaklos noteiktas nepiecieSamas
siltumnesgja temperatiiras un sildpanela patéréta jauda.

Pétitas siltummaina un siltuma stikna kopdarbibas iesp&jas, ka ari noteiktas
gaisa plismu darba temperatiiras un siltuma plusmas, kas lauj prognozet $i
risindjuma izmantoSanu sildpanelu apsildei un/vai ziditajsivénmasu mitnes
papildus apkurei pie zemam ara gaisa temperatiram.

2.1. Sildpanela péetijumu metodikas izstrade

Eksperimentalie p&tfjumi tika veikti 8 etapos ar trim dazadiem variantiem.
Panela virsmas temperatiiras bija 36.5°C un kits ieksgja gaisa temperatiira 19°C,
kas atbilst videjai optimalai apkarteja gaisa temperatiirai zid&jsivénu novietné.
T1Ts petijumos ietvertie varianti bija sekojosi:

l.variants. Sildpanelis ir ar brivam sanu malam un bez sivéniem uz darba

virsmas;

2.variants. Sildpanela sanu malas ir parklatas ar siltuma izolaciju, bet uz

darba virsmas nav sivéni,

3. variants. Sildpanela sanu malas ir parklatas ar siltuma izolaciju, un 40%

no darba virsmas aiznem siveni.
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Eksperimenti tika sadaliti astonos etapos.

1. etaps. Maksimalas un minimalas temperatiiras zonu noteikSana uz
sildpanela virsmas.

.etaps. Siltuma lidzsvara rezima sasniegSana.

.etaps. Sildpanela virsmas vid&jas temperatiiras noteiksana.

.etaps. Sildpanela patérétas jaudas noteikSana.

.etaps. Temperatiras noteikSana uz sildcaurules virsmas.

. etaps. Temperatiiras noteikSana uz sildpanela darba virsmas, izmantojot
matematisko modeli.

7. etaps. Siltuma plismu aprekins.

8. etaps. Optimalais sildcaurulu vijumu izvietojuma variants.

SO0 WN

Lai izméritu temperatiiras kritumu uz sildcaurules virsmas, ka arT noteiktu
virsmas vidgjo temperatiiru un sildpanela pateréto jaudu, izgatavota un patent&ta
(patents LV 14435) attieciga plusmas intensitates mériSanas — registréSanas
ierice (Putans et al., 2011). Apkart€ja gaisa un sildcaurules virsmas temperattiras
merisanai izmantota ierice Pico TC-08 Thermocouple Data Logger komplekta ar
K tipa termopariem. Lai imit€tu gadijumu, kad uz sildpanela atrodas sivéni, tika
lietoti termofori (kas imite sivénus). Papildus tika izgatavots termofora
elektriskais silditajs, kur§ nodro$inaja termofora nemainigu temperatiiru.

2.2. Sildpanela eksperimentalo pétijumu rezultati

Nosakot temperatiiras sadalijumu pa sildpanela darba virsmu, visos trijos
pétijuma variantos siltumnes&ja temperatiira bija 48.3°C pie apkartéja gaisa
temperatiiras 18.9+0.3°C. Savukart uz sildpanela darba virsmas vidg€jas
temperatiiras bija attiecigi 34.1°C, 34.2°C un 36.5°C. 2.1. attéla ir redzami
eksperimenta laika iegiitie dati par temperatiras sadalijumu uz sildpanela darba
virsmas.

Salidzinot visus tris aplikotos variantus pie vienadam siltumnes€ja un
apkartgjas vides temperatiram, tika konstatets, ka termiski izol&jot sildpanela
sanu malas ar 2.5 cm putuplasta slani, vidgja virsmas temperatiira paaugstinas
par 0.15°C. Sadu nelielu virsmas temperatiiras pieaugumu var izskaidrot ar to, ka
sanu malas sastada tikai 16% no kop&ja virsmas laukuma. Savukart sanu malu
izolacija palidz samazinat temperattiras kritumu, kas rodas pie sildpanela malam.
Pie nemainigas siltumnesgja temperatiiras, sanu malu temperatiira pieauga par
0.33°C (2.1. att.). Imitgjot sivénus uz panela darba virsmas, tika konstatéts, ka
gadijuma, kad sildpanelt cirkul€ siltumnesgjs ar temperattru 48.3°C, temperatiira
uz sildpanela virsmas, kura nosegta ar ,,sivéniem” ir vid&ji par 2.3°C augstaka,
neka uz neparklatas sildpanela darba virsmas.
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2.1.att. Temperatiiras sadalijums pa sildpanela darba virsmu definétajos
pétijumu variantos pie siltumnesgja ieplides temperatiiras 48.3°C un
apkartéjas vides temperatiiras 18.9+0.3°C/
Fig. 2.1. Temperature distribution over the heat panel surface at definite
research options, when heat carier temperature is 48.3°C and environment
temperature 18.9+0.3°C

Petfjuma konstateta sildpanela pateréta jauda, atkariba no temperatiiru
starpibas starp sildpanela darba virsmu un apkartgjo vidi ir redzama 2.2. attéla.

No attéla redzams, ka jaudas patSrin$ pieaug, paliclinoties temperatiiras
starpibai. Visprecizak §is sakaribas apraksta 2. kartas kvadratvienadojums, kad
determinacijas koeficients ir lielaks par 0.99. Tatad, izmantojot empiriski iegiitos
vienadojumus, ir iesp&ams noteikt sildpanela pat€réto jaudu atkariba no
nepiecieSamas temperattiras uz ta darba virsmas un apkart€ja gaisa temperattiras
pie siltumnesgja plismas atruma 50 dm’h™ (kad sildpanelis ir novietots virs
kitsmeslu kanala).

Tacu pétjumu 3. varianta ir iegiiti orientgjosi rezultati. Pirmkart,
temperatiiras sadalfjums pa sildpanela darba virsmu ir biitiski atkarigs no sivénu
(termoforu) izvietojuma uz ta. Otrkart, temperatiiru uz sildpanela darba virsmas,
uz kuras atrodas siveni, ir iesp&jams noteikt, tikai nonemot termoforus. Treskart,
fiksgjot siltumnesgja iepliistoso un izplistoso temperatiiru, radas neprecizitates,
jo tas tika méritas pirms termoforu nonemsanas, bet virsmas temperatira tikai
pé&c termoforu nonemsanas.
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@ Bez sanu malu izolacijas /  Without side surface insulation
Ar izolétam sanu malam / With insulated side surfaces

A Ar sivéniem un sanu malu izolaciju / With piglets and insulated side surfaces

2.2. att. Sildpanela patereta jauda atkariba no temperatiiru starpibas starp
apkartéjo vidi un videjo sildpanela darba virsmas temperatiiru/
Fig. 2.2. Power of the heat panel in dependance on temperature differences
between ambient and average heat panel working surface:

Py, Py, P; — patéréta jauda attiecigi 1., 2. un 3. variantam, AT — temperatiiru starpiba starp apkartgjo
vidi un vid&jo sildpanela darba virsmas temperatiiru

Pi1, Py, P; — the power consumption in the first, second and third option, /[T — the temperature
difference between the ambient and the average temperature of the working surface of the heat panel

Aptuvens jaudas samazinajums, imitetiem sivéniem atrodoties uz sildpanela
virsmas, bija 35% (pie temperatiru starpibas /\T=18°C), salidzinot ar gadfjumu
kad virsma netika parklata ar imit€tiem sivéniem (2. un 3. p&tfjumu variants).
Veicot ieglito sildpanela darba virsmas temperatiiras, jaudas un siltumnesgja
rezultatu stkaku analizi, ir iespgjams iegiit empiriskas sakaribas konkréta panela
ekspluatacijas datu ieguvei. Zinot temperatiiras starpibu starp sildpanela darba
virsmu un apkartéjas vides temperatiiru, var noteikt patéréto jaudu un
siltumnesgja temperatiiru, vai ari, zinot jaudas vertibu un darba virsmas
temperatiiru, ir iesp&jams atrast apkartgjas vides temperatiiru.

21



160 60
Tsn=0.0213AT?+ 1.4802AT + 18.599 A

140
R2=0.9982 M - 50

A

= AT2 AT -
100 P=0.101AT?+ 6.443AT - 0.9971 40
Rz=10.9989

w
—_
)
=)

30

40 /”/7 20

| A T, ymee = 0.0102AT2 + 0.8347 AT+ 18.958

virsmas

Jauda, W / Power,
o
<)

Temperatiira, °C / Temperature, °C

20 -
R*=0.9999 10
0 T T T
220 5 10 15 20 0

Sildpane]a darba virsmas un apkartejas vides
temperatiiru starpiba, °C / Ambient and heat carrier temperature
difference, °C

A Sildpanela pateréta jauda / Power of the heat panel
+ Siltumnesgja iepliides temperatira/ Inflow temperature of the heat carier
Panela virsmas vidgja temperatiira/ Temperature of the heat panel working surface

2.3.att. Sakariba starp sildpanela patéreto jaudu, siltumneséja iepliides
temperatiiru atkariba no temperatiiru starpibas starp videjo darba virsmas
un apkartejas vides temperatiram 1. pétijumu varianta /
Fig. 2.3. The relation between the power consumption of the heat panel, heat
carrier inlet temperature and the temperature difference between the average
working surface and ambient temperatures in the first research option:

Te — siltumnesgja iepludes temperatiira; Tyima — darba virsmas vidgja temperatira; P — patéréta
jauda; AT — temperatiiru starpiba starp apkartgjo vidi un vidgjo sildpanela darba virsmas temperatiiru

Ts — heat carrier inflow temperature; Tuisma — temperature of the working surface; P — power;
/T — temperature difference between ambient and working surface of the heat panel

Piem@ram, salidzinot nepiecieSamas siltumnes€ja temperatiiras pie
temperatiiru starpibas AT = 17.5°C, ir noskaidrots, ka to vértibam jabut attiecigi
51.02, 50.69 un 48.3°C (2.3. attéla ir redzami 1. p&tijumu varianta rezultati).

Nosakot siltumatdeves koeficientu, ir iesp&ams secinat, ka ta veértiba ir
butiski atkariga no sildpanela sanu malu siltuma izolacijas. Ja, piem&ram,
termiski izol€ sildpanela sanu malas, tad sildpanela siltumatdeves koeficients
vidgji samazinas par 14% (2.4. att.). No grafika ir redzams, ka siltumatdeves
koeficienta vertibas izmaina gan 1., gan 2. p@tfjumu varianta ir identiska.
Temperatiiru starpibai pieaugot par 1%, siltumatdeves koeficienta vertiba
palielinajas par 9% (abos gadijumos).
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Apkartgjas vides un siltumneséja temperatiiru starpiba, °C /
Ambient and heat carrier temperature difference, °C

A Bez sanu malu izolacijas / Without side surface insulation
Ar izolétam sanu malam / With insulated side surfaces
 Ar sivéniem un sanu malu izolaciju / With piglets and insulated side surfaces

2.4. att. Videja siltumatdeves koeficenta vértiba atkariba no temperatiiru
starpibas starp apkartéjo vidi un siltumneseju /
Fig. 2.4. Average heat transfer coefficient value in dependance on temperature
difference between surrounding environment and heat carrier:

o — siltumatdeves koeficients, /AT — temperatiiru starpiba starp apkartgjo vidi un siltumnesgju
« — heat transfer coefficient, /T — temperature difference between ambient and heat carrier

Salidzinot temperatiiras sadalijumu pa sildpanela virsmu, konstatéts, ka
mazaku temperatiiras vienmeriguma sadalfjumu panak, piem&ram, izolgjot sanu
virsmas. Izolgjot sanu malas pie sildpanela jaudas 124.9 W, tika nodroSinata
darba virsmas temperatiira 36.5°C ar datu izkliedi no vidgjas vértibas +0.69°C,
bet attiecigi, neizolgjot sanu malas, £0.81°C pie jaudas 142.7 W.

Rékinot siltuma pliismu sadalijumu (2.5. att.), 1. un 2. pétijjumu variantiem,
pie nosacijuma, ka uz sildpanela darba virsmas tiek uzturéta temperattra 36.5°C,
konstatets, ka nosiltinot sildpanela sanu malas ar 10 cm biezu koka listi, siltuma
plusma caur sildpanela virsmam samazinas par 12%. Tik liels siltuma zudumu
samazinajums ir panakts pateicoties sanu malu izolacijai un arT tam, ka, lai
uzturétu uz darba virsmas temperatiiru 36.5°C Iiment 2. varianta siltumnesgja
temperatira ir par 0.5°C zemaka.
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Fig. 2.5. Heat flow distribution over the heat panel surfaces

Veicot aprékinus konkrétam sildpanelim par temperatiiras optimalo
sadalfjumu uz ta darba virsmas, tika konstatéts, ka sildcaurules vijumu
novietosana biitiski neuzlabo situaciju vienmérigakas temperatiiras sadalijjumam.
Ja tika mainits tikai solis, tad maksimuma minimuma amplitida bija 1.119°C,
bet gadijuma, kad sildcaurules vijumu izvietojuma augstums tika mainits 2
limenos, datu maksimuma — minimuma amplitiida sastadija 1.086°C.

2.3. Sildpanela apsilde, izmantojot ara gaisa siltuma stikni

Izveloties ar tdeni apsildamos panelus, aktualiz§jas jautajums par
izdevigako siltuma avotu, kuru izmantot @idens sildi$anai. Sim nolikam var tikt
izmantots dazada veida kurinamais: gaze, malka, briketes, granulas, skelda, ka
ar1 iesp&jama netradicionalu risindjumu izmantoSana — siltuma stkni, saules
kolektori, biogaze. Nemot véra, ka paslaik ir maz informacijas par siltuma stiknu
izmantoSanu fermas Latvijas klimatiskajos apstaklos, bija nepiecieSams
parbaudit iesp&ju iegit silto Gdeni ar ara gaisa siltuma siikna palidzibu.

Gaisa siltuma stkna izmantoSanas priekSrocibas ir — zemas kapitalizmaksas
un siltumu sanpemos$as dalas kompaktums (Heating and cooling with a heat
pump, 2007). Tacu veicot publicéto datu analizi par iesp&ju izmantot ara gaisa
siltuma stiknus Latvijas klimatiskajos apstaklos zid€jsivénu novietng, atklajas art
ara gaisa siltuma siikna izmantoSanas trukumi (Ilsters et al., 2009). Galvenais
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trukums ir tas, ka pie ara gaisa temperatliras pazeminasanas robezas no 5°C lidz
2°C, siltuma stkna izmantoSana vairs nav ekonomiski lietderiga. Tapéc tika
mekl&ti risinajumi situacijas uzlaboSanai. Eksperimentali tika parbauditas ara
gaisa siltuma sfikpa energoefektivitates raditdju paaugstinasanas iespgjas,
intensivi apv€jojot siltuma stkna iztvaikotajus ar no novietnes priekstelpas
izvadamo silto gaisu, kura temperatiira ir 7 — 9°C.

Petfjumu veiksanai izvelets SIA ,,Ulbroka” ciiku fermas viens no sivénmasu
atne$anas nodalfjumiem ar divam sekcijam. Saja ferma tiek realizéts ciku
turéSanas tehnologiskais ritms ar vienas ned€las intervalu. Tadel cikls no
sivenmasu atneSanas lidz sivénu atSkirSanai, ieskaitot sekcijas tiriSanu un
dezinfekciju, ilgst 7 ned€las. Abam sekcijam ir kopiga siltuma apgades sist€éma
ar silta adens cirkulaciju, kura paredz&ta 96 sivénu vietu apsildei. [zm&ginajumu
veikSanai kiits arpusé tika samont€ti divi siltuma stkna iztvaikotaji, bet kits
priekstelpa siltuma siikna kompresors ar automatiz&tas vadibas paneli. Siltuma
stikna darbibas reZims tika programmets péc apsildes sist€émas atpakalgaitas
fidens temperatiras, kura izv€leéta robezas no 36 Iidz 38°C. Kompresora
izslégSana noreguléta pie idens maksimalas temperattiras 50°C.

[zm&ginajumu laika, lietojot siltuma skaititaju SONOMETERTM1000,
regulari registréta sivénu sildpanelu apsildei izlietota siltuma energija ar
precizitati +0.5kWh. Vienlaikus tika fiks€ta siltuma stkna kompresora
darbinasanai un elektriska tidens silditaja patéréta elektroenergija.

No iegitiem datiem tika noteikts siltuma sikna energijas parveides
koeficients, izmantojot sakaribu:

K=0Q/P, (2.1)
kur K - energijas parveides koeficients;

Q - iegtais siltumenergijas daudzums, kWh;

P — pateretais darbs, kWh.

2.1. tabula (Ilsters et.al., 2010) prezentéti eksperimentalos p&tijumos iegiitie
rezultati, kad standarta ara gaisa siltuma siikna komplektacija tika papildinata ar
ventilatoru, kur§ siltuma siikna iztvaikotajus apskaloja ar ara gaisu, pievadot tiem
papildus siltumu, ka arT ar specialiem ekraniem nosedzot iztvaikotajus, un tos
intensivi apskalojot ar gaisu, kas nemts no ciku kiits koridora, Sim nolikam
izmantojot attiecigu gaisa pievades sisteému.

Ja siltuma siikna iztvaikotajiem pievadita ara gaisa vidgja intensitate bija
1.5m’ sek’', tad sasniegtais rezultats ir atkarigs no 1 gaisa temperatiiras. Ta,
pieméram, pie ara gaisa temperatiiras aptuveni 10°C, kad iztvaikotaja
apsarmojums ir minimals, tika konstatéts siltuma jaudas pieaugums ir Iidz 1 kW,
kas tikai nedaudz parsniedz ventilatora darbinasanai nepiecieSamo jaudu —
0.5 kW. Savukart pie gaisa temperattiras 6°C, siltuma jaudas pieaugums sasniedz
3 kW.
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2.1. tabula. / Table 2.1.
Siltuma siikpa ekspluatacijas raditaji pie intensificétas apvéjoSanas / Heat
pump operating parameters at intensified blowing

Ara gaisa Ara gaisa temperatiira
P _
temfgljf;gg?ai? C/1" 420c 1 outdoor air
temperature +6°C femperature +2°C
=iz s Meér- - - —_ | ~
PRadltajl/ vieniba g c g £2 |Es| £E¢
arameters / Uni s S c 2o |29 S s
nit |\ 57 =8 | EL |Eg| =
£2 | E£ | £2 |Es5| E2
°E SS | g |%2| 2&
33 | L =2 [ 32| 33
2 < < R A
alé;‘;”;ﬁee%‘;rg”a "1 kwh 9.68 11.06 | 129 | 104 | 9.65
Elektroenergijas
patérins / Electric kWh 4.00 4.24 5.1 4.4 5.18
energy
Siltuma stikna
energijas parveides
koeficients /Heat - 2.4 2.6 2.5 2.4 1.9
pump coefficient of
performance
ml;ﬁ;‘i‘? ()Jva\‘,‘;fa kw 9.8 124 | 132 | 108 | 85
Jaudas pieaugums / KW ) 26 34 23 _
Power increase ) ) ]

Turpretim, ara gaisa temperatiirai pazeminoties, neliels siltuma jaudas
picaugums saglabajas, bet, kompresoram darbojoties, apsarmojums uz
iztvaikotaja virsmas vairs nesp&j atkust. Tadgl, ap iztvaikotdju tika novietoti
speciali ekrani un uz iztvaikotaju no kiits priekstelpas tika padots siltaks gaiss, ar
temperatiiru 7-9°C, kas uzlaboja siltuma izmantosanu. Tad&jadi pozitivs efekts
ar jaudas pieaugumu par 2.4-3.2 kW tika sasniegts vél pie ara gaisa temperatiiras
+2°C.

2.4. Gaisa siltuma siikpa un siltummaina izmantoSanas pétijumi

Ta ka eksperimentalie petijumi par ara gaisa siltuma sikni liecina, ka
intificéta apv&josana Jauj paplasinat siltuma siikna darba diapazonu 11dz ara gaisa
temperatiiras pazeminaSanai Iidz +2°C (Ilsters et al., 2010) un gaisa-gaisa
siltummaina izm&ginajumi ciiku novietné liecina, ka ta aizsalSana sakas pie
-15°C (Ilsters et al., 2007), tad lai paplasinatu abu iekartu lietoSanas diapazonu ir
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iespgjams kombinéts risinagjums: gaisa-gaisa siltummaina apvienoSana ar ara
gaisa siltuma siikni (LR patents LV 14371) (2.6. att.). Sai gadijuma caur siltuma
stkna iztvaikotaju izpliistosa atdzisu$a gaisa atkartota uzsildiSana siltummaini,
izmantojot no telpas izvadama gaisa esoSo siltumu, un atkartoti uzsildita gaisa
novadiSana uz siltuma stkna iztvaikotaju, nodroSina siltummaina un siltuma
stkna stabilu darbibu, neatkarigu no apkartgjas vides zemam temperatiiram.

Lai apvienotu siltummaina un siltuma stikna darbibu, ir jazin precizi dati par
siltuma s@kpa energijas parveides koeficientu, siltummaina lietderibas
koeficientu pie noteiktam darba temperattiram un gaisa pliismas atrumiem. Ja $ie
dati ir zinami, tad var prognozet no kiits védinasanas sisteémas atgiistamo siltuma
energijas daudzumu.

Iy
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2.6. att. Siltuma siikna un siltummaina kopdarbibas risinajums /
Fig. 2.6. Solution of the heat pump and heat exchanger:

1 — no ctiku mitnes izvadama gaisa kanals; 2 — siltummainis; 3 — noslégtas sistémas sasilusa gaisa
kanals; 4 — iztvaikotaja korpuss; 5 — iztvaikotdaja siltuma apmainas telpa; 6 — ventilators;
7 — iztvaikotajs; 8 — noslégtas sist€mas atdzisusa gaisa kanals

1 — air duct for pigsty air extraction; 2 — heat exchanger; 3 — closed loop warm air duct;

4 —housing of the evaporator; 5 — space for the evaporator’s heat exchange; 6 — fan; 7 — evaporator;
8 — closed loop cold air duct

Lai izveletos konkrétai situdcijai piemérotako pareizo siltummaini un ara
gaisa siltuma siikni, ir javeic aprékini, tos sadalot tris procesos (2.6. att.):
1. process, kad sildoSais gaiss ar temperatiiru un relativo mitrumu
atdod siltuma energiju sildamam gaisam caur siltummaini 2;
2. process, kad sildamais gaiss ar temperatiiru un relativo mitrumu
sanem siltuma energiju no kiits gaisa caur siltummaini 2;
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3. process, kad sistémas sasilusais gaiss atdod siltuma energiju siltuma
stikna aukstuma agentam R290 caur iztvaikotajiem 7.

Veicot teorétiskos aprekinus noteiktas siltuma siikpa un siltummaina
kopdarbibas darba temperatiiras un atgiita siltuma daudzums. Konstatgts, ka pie
aprekinatam gaisa plismam un eksperimentala siltummaina no kiits védinasanas
sistémas izpllisto§a gaisa temperatiiras 19°C, gar iztvaikotaju plistosa gaisa
temperatiira ir 13°C, bet no iztvaikotdja kameras izplustosa gaisa temperattra ir
0.3°C un védinasanas sisteémas uz aru izvadama gaisa temperatiira sasniedz 9°C.

3. EKONOMISKIE APREKINI

Ekonomiskos aprékinos ir noteiktas sildpanela izgatavoSanas izmaksas,
veikti ciiku mitnes siltuma bilances p&tijumi, ka ari pamatotas siltuma stikna un
siltummaina kopdarbibas risinagjuma ievieSanas izmaksas, lai apgadatu
sildpanelus ar karstu tideni, ka arT nodroSinatu sivénmasu mitnes papildus
apkures iesp&jas pie zemam ara gaisa temperatiram.

3.1. Sildpanela izgatavoSanas izmaksas

Rékinot péc 3.1. tabula redzamam sildpanela materialu un izgatavos$anas
izmaksam, redzam, ka sildpanela cena ir 65 EUR.

3.1. tabula / Table 3.1.
Sildpanela materialu iegades un izgatavoSanas izmaksas /
Heat panel material and manufacturing costs

Materialu izmaksas, . IzgatavoSanas
Nosaukums / Position EUR/ 1zmaksas,_EUR/
Material costs. EUR Manufacturing costs,
' EUR
Sildelements / Heating elements 20.82 17.78
Veidne / Template 1.71 1.14
Sildpanelis / Heat panel 5.14 4.98
Kopa / Total 27.66 23.90

Sildpanela cena noteikta péc formulas (Priekulis, Strautnieks, 2000):

C=(121-M;-P;+2Cy) kp,

3.1)

kar C — sildpanela cena, EUR;
1.21 — koeficients, kur§ ievéro PVN (2013. gada LR PVN
likme ir 21%);
M,; — Jjaunas iekartas cena komplektgjosiem
izstradajumiem, EUR kg™';
P; — jaunas iekartas viena kg paSizmaksa neietverot
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komplektgjosos izstradajumus, EUR kg™;
Ck — komplektgjosa mezgla cena, EUR;
k, — razoSanas pelnas koeficients, kp ~ 1,1 — 1,2.

Latvijas tirgli piedavato arzemju sildpaneli ar lidzvertigu laukumu, kuri
apsildami ar @ideni vai elektribu, maksa vidgji 85 EUR. Tade] izdevigak ir
fermerim pasam izgatavot sildpaneli, jo tad rodas aptuveni 20 EUR liels
kapitalieguldijumu ietaupijums.

Lai iegiitu precizaku situacijas atspogulojumu, javeic:

e temperatiiras sadalfjuma rezultatu salidzinajums;

e sildpanelu darba miiza salidzinajums;

e sildpanelu paterétas jaudas salidzinajums pie konkrétiem darba
apstakliem.

3.2. Ciiku Kkiits siltuma bilances pétijumi

Cuku kuts siltuma bilanci aprékina péc formulas (1.1). Lai noteiktu ara
gaisa temperatiiru, pie kuras lokalo silditaju un dzivnieku izdalitais siltums ir
nepietickams, lai nodrosinatu optimalo siltuma rezimu zid€jsivénu novietng, ir
javeic attiecigs aprékins. Misu gadijuma tas ir veikts pie nosacijuma, kad
novietng sakotngji ir 19°C liela gaisa temperatiira un 70% liels gaisa relativais
mitrums.

Siltuma plaisma, KW/
Heat flow, kW
i 2]
W

-24 -21 -18 -15 -12 -9 -6 -3 0 3
Ara gaisa temperatiira, °C / Outdoor air temperature, °C
=== Siltuma zudumi / Heat loss Siltuma pievade / Heat input

3.1. att. Siltinatas ciiku novietnes siltuma bilance /
Fig. 3.1. Heat balance of the insulated pigsty:

O- Iiknu krustpunkts / the intersection of the curves

Analizgjot divus gadijumus, kad ciku kits siltuma zudumi pie arsienu
kopgja siltuma vadiSanas koeficienta U;=156 Wm~K" un
U, =0.30 Wm™ K™, bet pargjas siltuma bilances (1.1) sastavdalas identiskas,
tika secinats, ka labi nosiltinatai kiitij ir jasak papildus sildisana tikai pie ara
gaisa temperatiras -13°C, bet nenosiltinatai ciiku kitij ievadama gaisa papildus
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sildiSana jasak tad, kad ara gaisa temperatiira pazeminas zem -5°C (3.1. attela ir
redzama siltinatas ciiku novietnes siltuma bilance). Siltuma bilance tika rekinata
pie maksimalas infrasarkano staru lampu sildiSanas jaudas 250 W.

3.3. Siltuma siikpa un siltummaina izmantoSanas ekonomiskais pamatojums

Rekinot kombingétas siltumapgades sistémas atmaksaSanas laiku, izvelets 12
kW jaudas ara gaisa siltuma siiknis, kas sp€s nodrosinat gan apsildamo panelu
sildiSanu, gan novietnes papildus sildiSanu pie ara gaisa temperatiram -1°C lidz
- 13°C. Analizg tika nemti vera dati par ara gaisa temperatiiru apkures sezona pa
stundam Rigas apkartnei.

3.2. tabula / Table 3.2.
Ekonomisko aprékinu apkopojums / Compilation of the economic analysis

Sllt?ma sukpa Saskidrinat
un siltummaina as gazes
Pozicija / Position sistema / Heat |7y g
pump and heat SO
Liquified
exchanger .
gas boiler
system

Energoresursi sildpanelu un novietnes apsildei /

Energy resources for the heat panel and pigsty 3.4 kW 0.48 m’

heating

Energoresursi tikai sildpanelu ap§11de1 / Energy 1.6 kKW 023 m’

resources only for the panel heating

Stundu skaits, kad janodorosina sildpanelu un

novietnes apsilde / Number of hours when it is 1930 h

necessary to heat the panels and the pigsty air

Stundu skaits, kad janodorosina sildpanelu

apsilde / Number of hours when it is necessary 4790 h

to heat only the panels

Izmaksas sildpanelu un novietnes apsildei /

Costs of the heat panels and pigsty air heating 940 EUR 1939 EUR

Izmaksas S{ldpane‘:lu aps1_1del / Costs of the heat 1116 EUR 2300 EUR

floor and pigsty air heating

Izmaksas kopa gada / Costs total per year 2056 EUR 4239 EUR

Izmaksu starpiba / Costs difference 2183 EUR

Iegac_ies un u_zstadlsanas izmaksas / Purchase 12806 EUR )

and installation costs

Analiz&jot 5 gadu temperatiiras raditajus, secinats, ka temperatiira no -1°C
lidz -30°C (temperatirai kritoties zem -13°C papildus energiju pievadis
saskidrinatas dabas gazes katls) vidgji ir 1930 studas apkures sezona (Saja posma
janodroSina 11.5 kW siltuma plismu), bet ara gaisa temperatiira, pie kuras
janodrosina tikai sildpanelu apsilde 4790 studas gada. Rekinot iekartu darba
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ilgumu, ieverots cikls, kad 4 ned€las zidgjsivénus audzg, bet pec tam novietné ir
nedélas ilgs partraukums telpas dezinfekcijai. 3.2. tabula ir redzami aprékina
izmantotie dati.

Veicot netto projekta vertibas (NPV) analizi, secinats, ka siltuma siikna un
siltummaina kopdarbibas ievieSana atmaksasies péc 6 gadiem, pie nosacijuma,
ka elektroenergijas un dabasgazes izmaksu attieciba paliks nemainiga.

SECINAJUMI

1. Izstradats matematiskais modelis zid&jsivénu atpiitas vietu gridas panelim,
kur§ apsildams ar siltu Gdeni, ka ari veikti §1 panela siltumtehnisko un
konstruktivo parametru apréekini.

2. Izgatavojot un eksperimentali parbaudot jauno sildpaneli, atrasta cieSa
sakritiba starp teoretiskiem un eksperimentaliem rezultatiem, ar datu novirzi
ne lielaku par £12%.

3. Noskaidrotas sildcaurulu vijumu optimalas izvietoSanas koordinates
sildpaneli, panakot, ka maksimala sildpanela darba virsmas temperatiiras
novirze no vidgjas vertibas ir £0.5°C.

4. Peétjumos noskaidrots, ka izgatavojot sildpaneli nav nepiecieSams
sildcaurules izvietot divos vai vairakos limenos, jo iegiitais temperatiiras
izlidzinajums ir nenozimigs.

5. Veicot eksperimentus par ara gaisa siltuma siikna ekspluataciju zidgjsivénu
novietné Latvijas klimatiskajos apstaklos, tika konstatéts, ka pie ara gaisa
temperatiiras +2°C, apskalojot siltuma stikna iztvaikotaju ar siltummaini
uzsilditu gaisu, kura temperatiiru 7 — 9°C, siltuma siikpa siltuma jauda
palielinas par 2.4 — 3.2 kW un siltuma stkna energijas parveides koeficients
paaugstinas I1dz 2.40 — 2.45, t.i., par 0.5 vienibam.

6. Izstradats risingjums, ar kuru zidgjsivénu atpiitas vietas gridas panelu
apsildei var izmantot dzivnieku izdalito biologisko siltumu, izmantojot ara
gaisa siltuma stkni un siltummaini (patents LV 14371).

7.  Sivénu novietnes gaisa un sivénu atpiitas vietas gridas panelu apsildiSanai ir
ieteicams izmantot siltumu, kuru satur no novietnes izvadamais védinasanas
sist€émas gaiss, ievieSot patenta LV 14371 izstradato shému.

8. Pie pazeminatam ara gaisa temperatiram zid€jsivénu novietné nav
iesp&jams nodrosinat optimalo siltuma rezimu, izmantojot vienigi lokalos
apsildes lidzeklus un dzivnieku biologisko siltumu.

9. Salidzinot betona sildpanela izgatavoSanas izmaksas ar Latvijas tirgh
piedavato arzemju sildpanelu cenam, noskaidrots, ka viena apsildama
panela izgatavoSana saimniecibas apstaklos rada kapitalieguldijumu
ietaupTjumi aptuveni 20 EUR apmeéra.
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TOPICALITY OF THE RESEARCH

Available sources of information and research analysis shows that many
studies so far are related to the temperature regime provision for sucking piglet
facilities.

It shows that the desired air temperature in piglet nests immediately after
the birth of piglets should range from 35 to 37°C, and relative humidity 60-70%
(Close, 1992; Savi¢s 1981; Piglet Survival: New Thinking on an Old Problem,
2009). In turn, the comfort temperature zone for the feeding sows is in the range
from 12 to 22°C, depending on the feeding level, the floor type, and other
conditions (Black et al. 1993; Bundy et al. 1984, Deen, 2010, Connor, 1993;
Skéle et al., 1999).

One of the most effective heating solutions for sucking piglet nests from the
economical and well-being point of view are with water heated panels. However,
the water heated panel construction has not been researched and theoretically
justified so far (Ziemelis, 2003).

Proper and with zootechnical norms complying piglet sty air composition
maintenance has essential importance as well. It can be ensured, using both
natural and forced ventilation systems. Usually in intensive pig farming the
forced ventilation system with exhaust air extraction is used. (Ilsters et al., 2001;
Priekulis et al., 2003; Hoff et al. 1995; Bjerg et al., 2008). However, it is
problematic to provide the desired temperature in the pigsty simultaneously with
proper air composition especially during the winter.

In recent years, for this purpose heat pumps and heat exchangers are being
used (Ilsters et al., 2007, Ilsters et al., 2008a; Ilsters et al., 2009; Ilsters, Ziemelis,
2009), but it is not clear yet which are the most effective and economically
beneficial solutions, in dependence on the outdoor air temperature.

THE OBJECT, HYPOTHESIS, AIM AND TASKS
OF THE RESEARCH

Research object — sucking piglet facilities during cold and transition
periods.

Research hypothesis — it is possible to provide required heat regime for
sucking piglet facilities using released animal biological heat, appropriate piglet
local heating equipment, as well as renewable energy sources and other technical
means, depending on the age of the piglets.

The aim of the promotion work is to evaluate theoretically and
experimentally the maintenance of required heat regime for sucking piglets’
resting places, maximizing the use of local and renewable energy sources.

In order to reach the aim, the following tasks are set:

e to summarize the results of studies about zoohygienic standards on

appropriate microclimate ensurance trends, correlations and heat
treatment factors affecting sucking piglet resting places;
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e to develop a mathematical model of the floor panel for sucking piglet
resting places that are heated with a fluid heat carrier to provide the
necessary heat distribution uniformity and temperature levels over the
heat panel working surface;

e to design and make an experimental floor heat panel, to develop its
testing methodology and to compare experimental data with the results
obtained using the mathematical model of the floor panel;

e to develop a solution for provision the desired temperature in the piglet
sty using renewable energy sources and to spot the opportunities of the
use of such a heating system at low outdoor air temperatures;

e  to carry out the heat panel economic efficiency evaluation, developing
appropriate calculation model.

RESEARCH METHODS

Research methods used in the promotion paper: statistics, analysis,
synthesis, mathematical modelling, simulation, prediction, experimentation
(laboratory and production conditions), economic evaluation and comparison.

THESES FOR DEFENCE

1. Water heated panels can be used for the piglet nest floor heating providing
the required temperature over panel working surface.

2. Heat exchangers and heat pumps can be used for inflowing into the pig sty
air heating and hot water production for the heat panel heating.

3. Water heated heat panel production costs are lower in comparison to other
means of sucking piglet heating equipment.

APPROBATION OF THE RESEARCH

Peer-reviewed scientific publications

1. Zagorska V., Putans H., Ziemelis I. (2012) Experimental investigation of
heat carrier flow efficiency. In: International Scientific Conference:
Renewable Energy and Energy Efficiency: Proceedings. Jelgava: LUA,
p- 201-206.

2. Zagorska V. (2012) Analysis of alternative ventilation system designs for a
pigsty: A comparative literature review. In: Proceedings of International
Livestock Environment Symposium (ILES 1X) ILES12-217. Valencia, paper
number: ILES 12-2174.

3. Zagorska V., Iljins U. (2011) Calculations of heated floor panel for resting
places of piglets. Im: Agronomy Research, Volume 9, Biosystems
Engineering, Special Issue. Tartu: Estonian university of Life Sciences,
p. 237-244.
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Zagorska V., Iljins U. (2011) Optimization of parameters of heating
elements for floor panel of piglets resting places. In: 8th International
Scientific and  Practical Conference  “Environment, Technology,
Resources”: Proceedings. Rezekne: RA, vol. 2, p. 92-99.

Zagorska V., IIsters A. (2010) Use of heat exchangers in ventilation
systems of pigsties in dependence on outside air temperature. In: Annual
16" International Scientific Conference “Research for Rural development”:
Proceedings. Jelgava: LUA, p. 200-204.

Zagorska V., lIsters A. (2010) Possibilities of heat exchanger use in pigsty
ventilation systems. Im: Agronomy Research, Volume 8, Biosystems
Engineering, Special Issue. Tartu: Estonian university of Life Sciences,
p. 272-279.

Iisters A., Zagorska V., Jesko Z. (2010) Warming of piglets resting places
by air heat pump in dependence on outside air temperature. In: ot
International Scientific Conference “Engineering for Rural development”:
Proceedings. Jelgava: LUA, p.106-111.

Zagorska V., Iljins U., Ziemelis 1. (2010) Calculation of Heated Floor
Panel for Piglets Resting Places. In: 4" International Conference “Trends in
Agricultural Engineering 2010”: Proceedings. Prague: Czech University of
Life Sciences Prague, p. 648-653.

Zagorska V., Ilsters A., Ziemelis 1. (2010) Use of Air Heat Pump in
Latvian Weather Conditions for Warming of Piglets Resting Places.
In: International Renewable Energy Congress 2010: Proceedings. Sousse,
p-454-460.

Applied and received Latvian patents

Zagorska V., Putans H., Ivanovs S., Ilsters A., Ziemelis 1. (2013) Ara
gaisa siltummsikna atklata tipa iztvaic€taja apsildiSanas ierice:
patentpieteikums ar Nr. P-13-142. Patenti un precu zimes, Latvijas
Republikas Patentu valdes oficialais vestnesis, 20.01/2014., 8. lpp.
Zagorska V., Ilsters A., Kokts A., Putans H., Iljins U., Ziemelis I. (2011)
Ara gaisa siltumsiiknis ar siltummaini: Latvijas patents LV 14371. Patenti
un precu zimes, Latvijas Republikas Patentu valdes oficialais v&stnesis,
7/2011., 995-996. Ipp.

Putans H., Zagorska V., Kancevica L., Iljins U., Brencis R., Ziemelis 1.
(2011) Udens pliismas intensitites merisanas-registrésanas ierice: Latvijas
patents LV 14435. Patenti un precu zimes, Latvijas Republikas Patentu
valdes oficialais vestnesis, 11/2011., 1600. Ipp.

Iisters A., Putans H., Zagorska V., Ziemelis 1. (2010) Sivénu kiits
apsildiSanas un ventilacijas ierice: Latvijas patents LV 14147. Patenti un
precu zimes, Latvijas Republikas Patentu valdes oficialais v&stnesis,
Nr. 6/2010., 884. Ipp.



Presentations at the international scientific conferences
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carrier flow efficiency. International Scientific Conference: Renewable
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Participation in the dissertation-related projects

From year 2010 to 2012 — researcher in LSC (LZP) scientific project
Nr. 09.1560 ,,Use of renewable energy sources for combined heating and
energy-saving technology development for energy efficiency increase in
agricultural power engineering”. Project Manager: Dr.sc.ing. Imants
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Years 2010—-2012 - ESF scientific project ,Involvement of human
resources in renewable energy research”. Project
No: 2009/0225/1DP/1.1.1.2.0/09/APIA/VIAA/129. Project manager:
Dr.hab.sc.ing. P&teris Rivza.

SCIENTIFIC NOVELTY AND PRACTICAL APPLICATION
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OF THE RESEARCH

Developed a mathematical model and design of warm water heated panel,
meant to maintain the required temperature over the sucking piglet nest
floor surface.

Developed a computer program for calculation of main design and thermal
parameters of heated floor panel.

Developed a solution for air heating in pig sty using heat exchanger and
heat pump (patent LV14371)

RESEARCH LIMITATIONS AND SUGGESTIONS FOR

FURTHER RESEARCH

The study includes the analysis of technical options and design of air
temperature and relative humidity provision in farrowing pigsty, as well as
solution development for optimal temperature ensuranse.

Before the beginning of heat panels production, it is necessary to test
experimentally the heat panel mechanical strength, abrasion resistance,
temperature level, its distribution, and other tests in pigsty with live piglets
on them.



1. THEORETICAL RESEARCH

In the thesis the heat balance equation of farrowing pigsty was analysed to
determine the feasibility of provision the optimal heat regime at low outdoor
temperatures, using local resources and renewable heating energy sources.

Developed a theoretical model of the heat panel for sucking piglet resting
places, which is heated by a heat transfer fluid. For theoretical research of this
process two mathematical models have been developed.

Firstly, a mathematical model for determination of heat transfer fluid
cooling intensity at any point of the heating pipe cut from the point of the heat-
carrying fluid intake, which enables the identification of specific heating pipe
power at any of its cut.

Secondly, developed a mathematical model that makes it possible to
determine the temperature distribution over the heat panel surface, taking into
account previously determined heat transfer fluid cooling intensity. The resulting
solution makes it possible to calculate the temperature at any point of heat
panel’s cross-section, including the working surface.

1.1. Heat balance of the pigsty

Heat regime at the sucking piglet occupational zone is largely determined
by the heat and humidity regime in the entire pigsty. During the winter and
transitional periods outdoor air temperature and humidity values differ
considerably comparing with the pigsty optimal internal air and animal
occupational zone temperature and humidity values. Therefore constant heat and
moisture exchange between the interior and exterior air of the pigsty occurs, but
building constructions are delimiting this process.

Qw + Qaz + Qe; + Qs + Qpak + Qatgvent = (1.1.)
= Qpw + Qgsild + Qsizeo + Qventg + Qpar-
kur  Qy — required heat flow fot the pigsty heating, W;
Quz — animal heat production, W,
Qe — heat flow from the electric equipment, W;
Qs — local heaters heat flow, W;
Qpak — heat flow from the litter, W;
Qatgvent  — recuperated heat flow from the outflow ventilation
air in case if heat exchanger is used, W
Qpiv — heat loss through building constructions, W;
Qgsita — required heat flow for inflow ventilation air
preheating, W;
Qsiztv — heat consumption for the liquid evaporation from the
wet floor, W;
Qventg — heat flow of the outflow ventilation air, W;
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Qpar — heat flow for feed preheating, W.
From equation (1.1) it follows that the most important factors in
determining the pigsty ventilation and heating mode are:

e heat flow released from the animals and required optimal pigsty air
temperature;

e air exchange intensity during the winter, which is determined by
the animals released amount of carbon dioxide and its allowable
concentration in the air of the pigsty;

e the heat loss through the pigsty external constructions which are
dependent on the building material thermal engineering parameters
and outdoor air temperature.

1.2. Temperature and heat output intensenity decrease in dependence on the
heat tube length

If the electric heat cable for the panel heating is used, then specific power
from the each heat cable current meter given of to the heat panel is constant.
Conversely, if the heat tube with hot fluid is used as a heat source in the heat
panel, then specific power from the each heat tube current meter given of to the
heat panel decreases.

In order to solve the problem of mathematical physics, to determine the
heat-carrying liquid cooling intensity (flowing through the heat tube), the
calculation scheme is compiled (Fig. 1.1., Fig. 1.2.).

For solving the problem a laminar fluid flow through a pipe of radius r and
velocity ¥ = const (1.2. att.) is considered. As the heat transfer occurs not only
by conduction, but also by fluid flow, then this process can be solved as forced
convection model. As heat tube is round, than heat transfer differential equation
have to be solved in the cylindrical coordinate system (7, ¢, z). The overall heat
transfer differential equation is as follows (Miskis, 1968):

oT _ = a
3¢ = GAT —vgradT + (1.2)

where Py — temperature change per time unit;

— Laplace operator;

temperatiiras vaditspgjas koeficients, m”* s™';

— fluid flow velocity vector, ms™;

gradT — temperature gradient, vector, which determines
temperature intensity changes by isothermal surface
normal;

q — specific power of the heat source, W m';

heat transfer fluid capacity, J (kg K)';

p — heat transfer fluid density, kg m™.

U o
|

[}
I
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A formulation of boundary conditions. First of all define 1. type boundary
conditions (1.3), where the water enters the pipe at T = T; (MuxeeB, Muxeesa,

1977):
Tly=0 = T1. (1.3)

In this case, conditionally can accept, that heat tube is indefinitely long
(z = ) and water flowing through the tube cools down to the temperature what
is equal to an ambient air temperature (1.4.).

Tlyze = Tp- (1.4)

Then define the 3rd type boundary conditions on the surface, which
describes the heat transfer process with surrounding environment, where T, is
ambient environment temperature.

aT

-A—| = a(Tly=r —To), (1.5)
T=R
where A4 —heat thermal conductivity of the heat panel
material, W (m K)™;
a — heat transfer coefficient of the heat panel, W m? K.

The a is coefficient of proportionality, which is called as heat transfer
coefficient. It is numerically equal with heat quantity, which is supplied or
drained from 1m’ surface in one time unit at temperature difference 1K.

Solving the equation (1.2) at definite boundary conditions obtain:

(B- |B2+u3)z

) — _ o J1(ugR)-Jo(ugR)-e
TCr;2) = To + 2(T1 = To) Zicma (e o R+ 2 (Ui

(1.6)

where T,, T, —temperature of the heat tube and ambient
environment, °C;
r —inside radius of the heat tube, m
R — outside radius of the heat tube, m;
[T — particular value, m™;
V/ — the length of the heat tube stage, m;
B — substitution, where f§ = %, m>;

Jo,J1 —Bessel functions.

The resulting expression is used to calculate the temperature at point with
coordinates r and z, i.e. at a distance r from the pipe center and at a distance z
from the start of the flow (inflow of heat transfer fluid to the tube cross section,
in our case, to the heated panel). So equation (1.6) describes the heat transfer
fluid cooling capability, what allows determining the temperature at any point on
the surface of the heat tube. Or vice versa - knowing the value of the temperature
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decrease and entering formulas to the Excel software, it is possible to find the
heat transfer coefficient o value using Solver Tools.

Deriving equation (1.6) after z and multiplying it with heat tube arc length,
obtain equation which describes heat source specific power (1.7):

oT
q(T‘,Z) = —2nR /15 =
(B-|B2+u2 )z

o R)- R)-
= —2nR A (B —JBZ + iZ) - 2(T; — Tp) X, LRlolpulve

(i) Do (iR +J12 (ukR)]

. (1.7)

1.3. Temperature distribution over the heat panel surface

Knowing the heat transfer fluid cooling intensity and defining side, the
upper and the lower surface boundary conditions of the heat panel, it is possible
to develop a mathematical model, which can predict the temperature distribution
over the heat panel surface. As it was mentioned previously, the model is being
developed for the case, when heat transfer intensity is variable. For example,
while water flowing through the tube, its temperature decreases and as a result
heat intensity decreases as well. Such a model was not developed yet. The
mathematical model of electrically heated floors and heat pads is developed
(Ijins et al. 1987; Iljins et al., 1987b), but heat intensity of the electric coils is
constant, what makes this model not very precise for predicting temperature
distribution over the water heated heat panel.

In the promotion work developed mathematical model makes it possible to
simulate cases, when heat panel has different side surface insulations, i.e. when
heat panel has heat insulation only from one side (Fig. 1.3.).

It is not enough with the Laplace equation (1.8) to calculate the temperature
at any point of the cross-section of the heat panel, including the working surface.
Therefore, we define the boundary conditions. The first three (1.9) (1.10) and
(1.11) are the third type boundary conditions, and the fourth (1.12) is the second
type boundary conditions. The fifth (1.13) and sixth (1.14) are the fourth type
boundary conditions or so-called cross-linking boundary conditions.

V2T =0, (1.8)

. = @ (Tlemo = To), (1.9)
—15| =Tl = To), (1.10)
_Az_;y:H = oy (Tly=y — To), (1.11)
P o= 900, (1.12)
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Tily:yH,l = Ti+1|y:yi+1a (113)

aT; OTi41 —
A ol + A o lyey, qZ L (X = Xoip), (1.14)
where m; — number of heat tube coils into i-group;
8(x — xq;5) — Delta function;
as, — heat transfer coefficient of the right side of the heat
panel, W m” K™;
as, — heat transfer coefficient of the left side of the heat
panel, W m? K'l;
ay — heat transfer coefficient of the upper surface of the
heat panel, W m> K
q(x) — function, which describes heat loss through the
lower surface of the heat panel, W m™;
T, — ambient air temperature in the pigsty, °C;
A — heat conduction coefficient (in our case concrete),
Wm?K"

The general solution of the Laplace equation in the coordinate system (X, y)
is expressed in a row of trigonometric and hyperbolic functions (Riekstins,
1969):

Ak[akiSh & (yi —y) + by, ch & (y; — »)] +}, (1.15)

T, = T,+ Yr,sin(&x+ ){
! o+ Zi S + 0 Ci; Sh & (v — ¥) + dy, ch & (y; —

where x,y — coordinates of the point, where
temperature is calculated, m;
Vi — the upper point of the layer, m;
Ay, ay;, by, cxp di, o —  free chosen constants;
& — particular value, m™;

The solution finds expressions for the free chosen constants and particular
value:

Ay, = ch §(H —y1) + shfk(H Yi)s (1.16)
A

by, = sh&(H —y) + 2 X ch & (H ~ ), (1.17)

o = 22?’ 12 1qjsm(kaoz,+<pk)ch§k(yl vi) s

ki Agkd[chosz(fkd;?:; coqu;k] , .

m .
230, 3,0 4y sin(§exoij+ i) shEk(Vi-vi)

i - cos 2(§pd+@y) —cos Z(pk] >
Agya14 S

(1.19)
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mn .
23021 2501 5 sin(§kxoij+or)ch §yi=lk

Ay = (1.20)

Ak d[ Cosz({kd:gj‘; Cosz‘pk][ch ExH+b3Ed sh EgH]
__ byby(&gd)? tan éxd—tan xd
£ = St i, (121)
@ = arctg(b,&.a). (1.22)
Into expressions (1.20, 1.21., 1.22) introduced substitutions:
2
b, = ol (1.23)
yl
b, = 0y (1.24)
yl
b; = o (1.25)
o,
=2ij4qj N £ Lsm(kaou + Pk)s (1.26)
A A
where Xoij, ¥; —coordinates of the heat tube, m;
H — heat panel height, m;
d —heat panel width, m;
q; — specific power of the heat tube, W m™;
Aiz —heat conduction coefficient of the insulation,
W (mK)™.

Simulating the temperature distribution, when 11 heat tube coils are placed
into the heat panel with different location solutions (Fig. 1.4.), it can be
concluded that the displacement of the heat tube coils in different levels and with
different steps gives the best temperature distribution over the heat panel.

In Figure 1.4. option when heat tube coils are located at different levels and
with different step is shown as line 4, and the temperature difference between the
maximum and minimum values is 0.54°C, while changing only the step of the
heat tube coils (line 1) gives the temperature difference equal with 0.68°C.
Therefore, as can be seen from the figure, lines 1 and 4 practically coincide. In
compliance with the accepted requirements (Ziemelis, 2003), the maximum
temperature distribution over the working surface of the heat panel is 2°C (the
maximum value minus the minimum value). This means that there is no need to
look at the options with variable heat tube coil displacement height, because it
complicates production of the heat panel and only slightly improves the
uniformity of the temperature distribution over the heat panel working surface.
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1.4. Calculation of the heat flows through the heat panel surfaces

In the previous chapter equation determining the temperature at any point of
the heat panel cross-section was obtained. The resulting heat flow can be
calculated using expression (1.15) derived by a certain parameter, integrated
over the panel width or height, and multiplied by a coefficient of the heat panel
thermal conductivity A.

For example, when getting the formula to determine the heat flow
through the heat panel upper Q or the lower surface @, the expression (1.15) is
derived by coordinate y and integrated over the heat panel’s width. Accordingly,
the search of the heat flow from the heat panel sides Qg, and Q,, can be got by
deriving expression (1.15) by the coordinate X and integrating over the heat
panel’s height (Fig. 1.5.):

doT

Qu =2/, 5|y=H dx, (1.27)
00T

Qs = A0y 5| . (1.28)
00

Q=1 % - dx, (1.29)
HOT

Qs =Aly 5, _ ay. (1.30)

In such a way, formulas (1.27; 1.28; 1.29; 1.30) were gotten for the
calculation of the heat flow from different heat panel side surfaces to identify
and provide the required level of heat loss. For example, usually there is high
unfounded heat loss from the heat panel’s lower surface to the pigsty floor.
Therefore it is necessary to provide required thermal insulation type and
thickness, so that the heat loss could be minimized.
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2. EXPERIMENTAL RESEARCH

In the promotion work the solution of the heat panel design was developed
and experimental researches of it were made, to compare theoretically and
experimentally gained results. The necessary temperature of the heat transfer
fluid and power of the heat panel in the laboratory conditions was determined.

Collaboration opportunities of the use of heat exchanger and heat pump
were investigated, operating temperatures and heat amount of air flows were
determined to make it possible to predict the feasibility to use the collaboration
solution for the heat panel heating and / or inflow ventilation pigsty air
preheating at low outdoor temperatures.

2.1. Development of heat panel testing methodology

Experimental studies were conducted in 8 stages with three different
options. Panel surface temperature was 36.5°C and a pigsty air temperature
19°C, corresponding to an average optimal ambient temperature of the farrowing
sty. In studies included three options were as follows:

1.option. Side surfaces of the heat panel are not insulated and working

surface is not covered with piglets.

2.option. Side surfaces of the heat panel are insulated and working surface

is not covered with piglets.

3.option. Side surfaces of the heat panel are insulated and working surface

is covered with piglets.

The experiments were divided into eight stages.

1.stage. Determination of the maximum and minimum temperature zones

on the heat panel working surface.

2.stage. Heat balance regime reaching.

3.stage. Determination of the average heat panel working surface

temperature.

4.stage. Determination of the consumed power of the heat panel.

5.stage. Determination of the temperature on the heat tube.

6.stage. Calculation of the temperature over the working surface of the heat

panel using previously gained data and mathematical model.

7.stage. Heat flow calculations.

8.stage. Optimal heat tube location solution for the uniform temperature

distribution over the working surface of the heat panel.

To measure the temperature drop on the surface of the heat tube, as well as
to determine the average temperature of the working surface and heat panel
power consumption, appropriate flow intensity measuring — recording device
(Putans et al., 2011) was produced and patented (LV 14435). The device Pico
TC-08 Thermocouple Data Logger with K-type thermocouples were used to
measure the heat panel and heat tube surface and ambient air temperatures. To
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simulate the case when piglets covers the 40% of the working surface the hot-
water bag (which imitates the piglets) was used. Furthermore, electric heater was
made to provide a constant temperature of hot-water bag.

2.2. Results of the heat panel experimental tests

Determining the temperature distribution over the heat panel working
surface in all three study options heat carrier temperature was 48.3°C and an
ambient temperature of 18.9 = 0.3°C. In turn, temperature of the heat panel
working surface was 34.1°C, 34.2°C and 36.5°C. Figure (2.1.) shows the data on
the temperature distribution over the working surface of the heat panel.

Comparing all three considered options at the same heat carrier and ambient
air temperature, it was found that the heat insulation of the heat panel sides of a
2.5 cm layer of foam plastic rises the average surface temperature for 0.15°C.
Such a low surface temperature increase can be explained by the fact that the
sidewall surface area constitutes only about 16% of the total heat panel surface
area. In turn, the sidewall insulation helps to reduce the temperature drop that
occurs at the edges of the heat panel. At constant temperature of liquid, the side
edge temperature increased by 0.33°C (Fig. 2.1.). Imitating piglets on the panel
working surface, it was found that, when in the heat panel circulates heat transfer
fluid at 48.3°C temperature, the temperature of the working surface covered with
"piglets" is on average 2.3°C higher than “piglet” free surface.

In the experimental tests correlation between heat panel consumed power
and temperature difference (working surface temperature and ambient
environment temperature) was found (Fig. 2.2.).

It can be seen from figure that the power consumption increases with
increasing temperature difference. The correlation most accurately is described
by the second order polynomial equation when the coefficient of determination is
greater than 0.99. So, using empirically derived equations, it is possible to
predict consumed power of the heat panel, depending on the required
temperature on the working surface and the ambient air temperature at the heat
carrier flow rate of 50 dm’ h™ (when heat panel is placed over the manure
channel).

The study of the third option provided preliminary results. Firstly, the
temperature distribution over the heat panel working surface is highly dependent
on the layout of the “piglets” (water bags). Secondly, the temperature of the heat
panel working surface can be measured only by removing the water bags.
Thirdly, recording the inflow and outflow from the heat panel heat carrier
temperature inaccuracy occurred because they were measured before removing
the water bags from the surface, but the surface temperature was recorded only
after the removal of water bags.

Approximate power reduction, when working surface was covered with
»piglets” was 35% (the temperature difference AT = 18°C) as compared to the

case when the surface was not covered with simulated piglets (the second and the
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third study option). Making more deep analysis of the gained heat panel
exploitation data it is possible to get empirical coherences on relationship among
heat panel power, panel working surface temperature and heat carrier
temperature. For example, knowing the temperature difference between heat
panel working surface and the ambient temperature, the power demand and the
heat carrier temperature can be predicted, or, given power value and the
temperature of the working surface, it is possible to find the ambient
temperature.

For example, comparing heat carrier temperatures at temperature difference
AT = 17.5°C, it is is found out that values have to be equal with 51.02°C,

50.69°C and 48.3°C ( in Fig. 2.3. results of the 1st research option can be seen).

Determining the heat transfer coefficient, it can be concluded that
coefficient is strongly dependent on the heat panel side surface heat insulation.
For example, if we insulate side surfaces, the coefficient decreases for about
14% (Fig. 2.4.). From the figure it can be seen that value of the heat transfer
coefficient is changing identically in the Ist and the 2nd research option. If
temperature difference increases for 1%, then coefficient value rises for 9% (in
both cases).

Comparing the temperature distribution over the heat panel surface, it was
found out that smaller temperature unevenness is achieved, for example, by
insulating the side surfaces. In the case when side surfaces are insulated at the
heat panel power 124.9 W the working surface temperature was 36.5°C and
variability of the mean value + 0.69°C, and respectively, with uninsulated side
surfaces variability of the mean value + 0.81°C at 142.7 W power and 36.5°C
surface temperature.

Calculating the distribution of the heat flow (Fig. 2.5.) for the 1* and the 2™
research options at provided heat panel working surface temperature 36.5°C, it
was found out that insulating side surfaces with 10 cm thick wooden lath, heat
flow through the surfaces decreased by 12%. Such a large heat loss reduction is
attained by the side edge insulation and the fact that in order to maintain the
working surface temperature 36.5°C at the second research option the heat
carrier temperature is 0.5°C lower.

Making calculations of the optimal temperature distribution over the
working surface for particular heat panel, it was found out that displacement of
the heat tube coils in different levels does not give significant improvement in
temperature distribution. If only the step of the heat tube coils was changed, the
minimum maximum amplitude was 1.119°C, but in the case when heat tube coils
were placed on 2 levels and step was variable as well, minimum maximum
amplitude amounted 1.086°C.

2.3. Heat panel heating using heat pump

Making a choice of the water heated panels, raises the question about the
best heat source for water heating. Different types of fuel may be used for this
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purpose: gas, wood, briquettes, pellets, wood chips, as well as the possible use of
unconventional solutions - heat pumps, solar collectors, and biogas. Little
information is known about the use of the heat pumps on farms in Latvian
climatic conditions, therefore it was necessary to examine the possibility of
getting hot water using the outdoor air heat pump.

There are known advantages of the air heat pump use - low capital costs and
compactness of the heat receiving part (Heating and cooling with a heat pump,
2007). However, making analysis of the published data about the use of outdoor
air heat pumps in Latvian climate conditions in the sucking piglet sty the
drawbacks were found out (Ilsters et al., 2009). The main disadvantage is that
when the outdoor air temperature decreases to 2°C the heat pump use is no
longer feasible. Therefore it was required to look for solutions for improving the
situation. The way of raising energy efficiency of the outdoor air heat pump was
experimentally tested by intensively blowing the pigsty hallway air at a
temperature of 7 - 9°C to the heat pump evaporators.

For the performance of experiments one of the pig farm farrowing sow
compartments with two sections was chosen on the pig farm Ltd. “Ulbroka”
(Ilsters et al., 2010). The consecutive technological rthythm at farm is realized
with one week interval. The cycle in section from sow farrowing till weaning of
piglets including cleaning and disinfection of section goes on for 7 weeks. There
is a joint heat supply system with warm water circulation system for heating 96
panels of resting places. For the performance of experiments were set up two
outside air evaporators beside the pigsty, compressor block with the automatized
control panel inside the hall of the pigsty. The operation of the heat pump was
programmed by the temperature of the back-flow water within 36 - 38°C. The
switch off of the compressor is realized, when water achieves the maximum
temperature 50°C.

During the experiment amount of consumed heat energy for panel heating
with precision = 0.5kWh was regularly counted with ultrasonic heat meter
SONOMETERTM1000 and simultaneously amount of electric energy consumed
by compressor and electric boiler was counted as well. If we know mentioned
above measurements, we can determine efficiency of the heat pump using the
following coherence:

K=Q/P, 2.1

where K — coefficient of performance;
Q - gained ammount of heat energy, kWh;
P

— electric energy input, kWh.

In Table 2.1. (Ilsters et al, 2010) results of experimental studies when the
standard outdoor air heat pump equipment was supplemented with a fan
(blowing the outdoor or the pigsty hallway air to the heat pump evaporator) and
covering screens are presented.
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When blowing outdoor air to the evaporator with intensity in average
1.5 m’-sek” achieved results was dependent on outdoor air temperature. At
outdoor air temperature 10°C when frosting of the evaporator was minimal,
increase of heat power was up to 1 kW what in point of fact is a little bit more
than power required for operation of the fan — 0.5 kW. At outdoor air
temperature 6°C, increase of heat power achieved up to 3 kW. Insignificant
increase of heat power still remained when outdoor air temperature was
declining more, but it was not able to thaw the frosting of the surface of
evaporator due to operation of compressor. Therefore screens were placed
around the evaporator and from the hallway of the pigsty warmer air was
supplied with temperature 7 - 9°C to the surface of the evaporator what improved
usage of heat. Positive effect with increase of power for 2.4 — 3.2 kW was still
achieved at outside air temperature +2°C.

2.4. Investigation of the air heat pump and the heat exchanger usage

As experimental studies of outdoor air heat pump shows that intensified
blowing allows to extend the heat pump working range till the outdoor
temperature +2°C (Ilsters et al., 2010) and air-to-air heat exchanger tests in a
pigsty shows that the freezing begins at -15°C (Ilsters et al., 2007), then to
extend the range of the use of both units, combined solution of air-to-air heat
exchanger and outdoor air heat pump can be implemented (LR patent LV 14371)
(Fig. 2.6.). In this case cooled air flowing from the heat pump evaporator space
is repeatedly preheated by the pigsty outflowing ventilation air through the heat
exchanger, what makes possible to operate both units independently from the
outdoor air temperature.

To combine heat pump and heat exchanger operation it is necessary to know
a specific data about the heat pumps coefficient of performance and efficiency
coefficient of the heat exchanger at particular working temperatures and air flow
rates. If we know this data, then it is possible to predict amount of heat energy
recovered from the outflowing air.

To select right heat exchanger and outdoor air heat pump for particular
situation, it is required to make calculations, dividing them into three processes
(Fig. 2.6.):

1. process, when the heating air with particular temperature and relative
humidity gives its amount of heat energy to heated air through the heat
exchanger 2;

2. process, when the heated air with particular temperature and relative
humidity recovers amount of heat energy from heating air through the heat
exchanger 2;

3. process, when the preheated air with particular temperature and relative
humidity gives amount of heat energy to the heat pump evaporator 7.

The heat pump and heat exchanger collaboration working temperatures and
amount of gained heat energy in the theoretical calculations are determined. It
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was found that at the estimated air flow rates and the pigsty air temperature
19°C, temperature of the air (preheated in the heat exchanger) flowing along the
evaporator is 13°C, but flowing from the evaporator space air temperature is
0.3°C and outflowing to the outside cooled down air temperature is 9°C.

3. ECONOMIC EVALUATION

In the economic calculations manufacturing costs of the heat panel are
defined, pigsty heat balance studies are made, and feasibility of the heat pump
and heat exchanger collaboration solution implementation to supply heat panels
with hot water, as well as provide additional pigsty inflowing air preheating at
low outdoor temperatures.

3.1. Manufacturing costs of the heat panel

Using in Table 3.1. given data the manufacturing costs were calculated.
Price of the heat panel was calculated using formula 3.1 and it comes out that
heat panel price accounts 65 EUR:

C=(1.21-M; P+ ZC) k,, 3.1)
where C — price of the heat panel, EUR;
1.21 — coefficient, taking into acoount VAT value (in the
year 2014. gada LR VAT rate is 21%);
M; — price of the new equipment without accessories,
EUR kg™;
P; — price of the one kg of new equipment without
accesories, EUR kg’l;
Ck — the acessory unit price, EUR;
k, — coefficient of the manufacturing profit,
kp~1,1-1,2.

Offered in the Latvian market foreign water or electricity heated panel price
with an equivalent area is around 85 euros. Therefore, for the farmer it is more
beneficial to produce the heat panel by himself, what results in an approximately
20 EUR capital savings.

To get a more accurate reflection of the situation, further studies should be
made:

e the temperature distribution result comparison;

e  heat panel working life comparison;

e heat panels power consumption comparison at specific
operating conditions.
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3.2. Pigsty heat balance studies

Pigsty heat balance is calculated by the formula (1.1). To determine the
outdoor air temperature at which the local heater and animal heat is insufficient
to provide optimal temperature regime in the farrowing pigsty it is required to
make an appropriate account. In our case it is done under the condition, that an
initial pigsty air temperature is 19°C and relative humidity 70%.

The analysis of two cases of pigsty heat loss throught the exterior
constructions at heat transfer coefficient U;,=1.56W m?K! and
U, = 030 Wm? K" but the rest of the heat balance (1.1) components are
identical, it was concluded that it is necessary to start an additional heating of the
well-insulated pigsty only at outdoor air temperature -13°C, but traditional pigsty
has to be heated when the outside temperature drops below -5°C (Fig. 3.1. shows
the heat balance of the insulated pigsty). The heat balance was calculated at the
maximum infrared lamp heating power of 250 W.

3.3. Heat pump and heat exchanger economic feasability studies

Calculating the payback time of the combined heating system 12 kW power
outdoor air heat pump was selected, which will be able to provide both heat
panel heating and inflow ventilation air preheating at outside temperature from -
1°C to- 13°C. The analysis takes into account data on the outdoor air temperature
during the heating season per hour in the Riga region.

Analyzing 5 year temperature indicators it was concluded that at the
temperature from -1°C to -30°C (during the temperature decrease below -13°C
the additional heat supply will be provided by liquefied natural gas boiler) on
average is 1930 hours per heating season (at this stage it is required to provide
11.5 kW heat flow) and outdoor air temperature at which it is required to provide
only the heat panel heating is 4790 hours per year. Calculations of the working
time of the collaboration solution were made in compliance with the cycle of
4 weeks sucking piglet breeding and a week break for room disinfection. 3.2.
Table shows the data used in the calculation.

Making the Net Project Value (NPV) analysis it was concluded that the heat
pump and heat exchanger collaboration implementation payback time is 6 years,
on the condition, that electricity and natural gas cost ratio will remain
unchangeable.
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CONCLUSIONS

A mathematical model of the sucking piglet resting places' floor water
heated panel is developed; thermotechnical and constructive parameter
calculations of the heat panel are made.

While designing and testing new experimental heat panel, found a close
correlation between theoretical and experimental results, the data deviation
was not more than + 12%.

The optimal disposition coordinates of the heat tube coils in the heat panel
was found, ensuring that the maximum heat panel working surface
temperature deviation from the average value is + 0.5 ° C.

The theoretical studies shows, that the disposition of the heat tube coils on
two levels only slightly improves temperature distribution over the heat
panel working surface, therefore it is advisible to place them on one level in
such a way making the heat panel design uncomplicated.

Making experiments about possibility to use the outdoor air heat pump at
Latvian climatic conditions it was found out, that it is possible to decrease
frosting of the evaporators, breezing warm air with the temperature 7 - 9°C,
in such a way power of the heat pump increases for about 2.4 — 3.2 kW and
the COP of the heat pump increases up to 2.40 —2.45.

The solution was developed where animal heat can be recovered through
the outdoor heat pump and a heat exchanger system (patent LV 14371) for
the sucking piglet resting places floor heating.

For pigsty air and piglet resting place floor panel heating it is recommended
to recover the heat energy from the ventilation system air introducing the
patent LV 14371 scheme into practice.

At the lowered outdoor temperatures it is not possible to provide optimum
heat regime in the pigsty using only local heaters and biological animal
heat.

Comparison of the manufacturing costs of the concrete heat panel with
offered on Latvian market the same area heat panel prices, shows that a heat
panel production in farm conditions gives capital savings of approximately
20 EUR.
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