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Hepitnyn

2TV epyoaio avTh, SIEPEVVATOL 1] ETLOPACH TWV DTOCTPWUATOV OTH
Oepikn ooumep1popa. Twv d0mEIWY 0€ EGWTEPIKOVS YWDPOS KOl OTH
Oeprurn aioBnon mov mpokalodv to. damedo. arovg evoikovg. Ele-
alovrou o1 Gepuikég 1010THTES DAIK@Y, TO. 0TOI0, YPHEIUOTOLODVTOL
OTHY KOTOOKEDH OOTEOWV, OTWS GKOPOIEUQ, UOPLOPO, UWTOIKO, KE-
POLIKG TAOKGKLA, YOPUTIAGOEL D, TepAiTOdeua, kKoviaua. To damedo
Kotatdooovial, o€ ayéon ue v aiclnan Gepuotnrag, oe pio kAipoxo.
07O TO «TOAD WOYPO» UEXPT TO «TOAD Ogpuoy, ue Kpitipio ) Gepuikn
emiyvon tov vAikov. AkolodOws, ueletaror n Oepuikn oopmepIPopa.
6 TOTWV GOTEIWY UE DTOCTPOUOTO. OE aVTIoTOlYia ue TV aicOnon
Oepuotnrog. Amo v avaioon TV OmOTEAECUGTMOV THS EPYOTIOC
TPOKDOTTOVY YPHOIULO COUTEPAOUOTO, CYETIKG UE TH YPHON TWV DAIKDOV
OTHY KOTAOKEDH OOTEOWY ECWTEPIKOD YDPOD.

1. EIXATQI'H

Otav o aépag eivar oTdoog, Yeyovog 10 0moio omivia
ovpPaivel oty Tpaén, N emipavelokn Bepprokpocio Tov do-
nédov eEoptdtan and T OeproKpacio TOL EGOTEPIKOD YDPOL
KOl TOV €6GQOVG 1] TOL YDPOV KAT® OO TO TATMOUA, KOODG
Kot 0o TN OEPIKN OyOYLLOTNTO TOV dUTESOV KOl TV VITO-
OTPOUATOV TOVL. XTn Un otafepn KoTAoToo™, 1 oTiypuaio
empovelokn Beppokpacio tov damédov kabopiletor omd to
1060 BepUOTNTOG TOV LETOPEPETAL, T1 DEPUIKN Oy@YLLOTNTO
Kot TNV €K1 Bgppotnta dykov tov doamédov [1,2,3].

H emar tov modiov pe danedo pe empaveloxn Oeppo-
Kkpooio peyoaivtepn and 28 °C, yio peydAo xpovikd Sdctnua,
npokaAel duadpeotn aichnon Bepuodomroag, evd, yuo Beppio-
kpooio pkpotepn amd 15 °C, mpokodeital aicOnon yoyovg
[4]. H petagopd Beppottog amd 1o modt 610 damedo givar
OVCLOOTIKG TPOPANHA pHeTaPOpag Beppotntag and oteped
o€ oTEPED. XE QTN TNV TEPIMTOON 1N TOYVTNTU LETOPOPAS
g Beppottog, amd To BepoOTEPO GTO YLYPOTEPO GTEPED,
kaBopiletar and T Beppikn emiyvon, b, Tov YoypodTEPOL, M
omoia kaBopiletor and ™ oy. (1.1).

b= /Ap.c.

H tayvmra, pe v omoia amokodictotol Oeppikn wwop-
POTi0. GTO YLUYPOTEPO GTEPED, eEapTdTol amd TN Beppikn
dtéryvon tov, a [5] (oy. (1.2)), evd 1 oTiyuoic TQAvELOKN
Yrofinibnxe: 14.11.2008 Eywe Sexctij: 6.4.2010

1.1

Oeppoxpooio, t, otnv emdavelo emagng, mpocdiopiletar
amo6 ) oy. (1.3). [6,7]

= _A
a pC 1.2
t, = bitib,t,

“borb, 1.3

INo ddmeda, ta omoia amoteAovvTal amd o Lovo GTpo-
oM, N TTOCN TG OEPUOKPAGIOG TOV TOJLOV KOUTH TNV EXOQON
TOL L T dAmedo, givatl TOGO YPNYopOTEPT OGO HEYOADTEPT
gtvar 1 T b. e £00TEPIKOVG YDPOVG TO dATESO ATOTEAEL-
TaL, oXeOOV TAVTIOTE, OMO TEPIGGOTEPEG GO L0, CTPAOCELS,
KOl 1) EMIOPOON TOV VTOCTPOUATOV oTN BEPUIKT GLUTEPL-
(@Oopa TOV gival GNUAVTIKY. ZVVETAC, 1| aicBnon Beppotnrtag
KOTd TV EMaPT] TOV Tod10V pE To danedo o kabopiletat amd
™ véa Tiun BepLukng emiyvong, b, 0TmG 0L SLUOPPAOVETAL
ato TNV EMIOPOCT] TOV VITOCTPOUATOV.

Apxetoi gpguvntég Exouv aoyoinBel, Tig Tedevtaieg Oe-
KOETIEG, [LE TN LEAETT TNG CUUTEPIPOPAG TV BEPUAOV Kot Y-
xpoVv damédwv. [8,9,10] Te pepikéc and avtég avapépovtot
OTOTEAEGLOTO, OO TELPAATIKEG LETPNOELS Ol omoieg Stekn-
xOnoav, pe tn ypnon texyntov Todwov [11,12]. Xty napovca
gpyocio TPOYUATOTOOVVTOL EPYOCTNPLOKES LETPTOELS, KOl
peAetdrtan 1 Bep ik cOUTEPIPOPE TV SATESWDY EGOTEPIKOD
YDOPOL, VTS TNV EMIOPACT] VTOGTPOUATOV SLAPOPOV VAIKDV.
H nepapotikny pébodog Paciletar ot Bewpia g Beppikng
AYOYOTNTAG TOADGTPOTMV GTEPEDY VAIKDV.

2. XYMBOAIZEMOI

0 oLVTEAESTNG Bep ki ayoypnotntog [W/m.K]
M eawvopevn mokvotnta oe Kg/m?

1N e Beppotnta oe W.h/Kg K

n Oeppukcn eniyvon oe W.s'? /m*K

1N Oeppukn dudyvon oe m?/s

n Beppokpacio og °C

TOL VAIKG SOTES OV

T VMK DTTOGTPOUATOV

<> e ocomT >
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3. YAIKA KAI ITEIPAMATA

TNo v tepapotiky Sadikacio ypnotpomotdnray VAL-
K& To omoio YPMNOILOTOLOVVTOL EVPVTAUTO OTIS KOTOGKEVEG,
Yo TV KOTOOKELT TOV d0méd@V (A) Kot TOV VTOGTPOUATOV
(Y), xon meptypdpovtot TopaKaTo.

H nepapaticn dwdikooio tpaypatoromdnke oto Epya-
ompro Teyvikdv Yikodv tov E.M.IT. And to amoteréopata
TOV LETPNOEMV TPOGIOPICTNKOV YOPUKTNPLOTIKEG PLOIKEG
Kot Beppukég 1010t TEG TV £EETAGHEVTOV VAIK®V, COLE®VA
LE TOLG AVTIOTOLYOVG Kavoviopovs. To dokipua, to omoia
YPNOHOTOWONKAY KOTA T SAPKELN TOV TEWPOUUATOV NTOV
oe Enpa katdoTaon.

Mivaxag 1: Heprypagn viikdv darédwv (4).

= A,. Zxvpddepo (méyog 15,0 cm): Miyua adpavov pe
Swfaduon 0/30 mm, KOKKOUETPIKT KOUTOAN OTNV
«€EALPETIKT TEPLOYT TOV SLUYPAULOTOS TOV KOVOVL-
GUAV KOl TOWEVTOL KAANG TOLOTNTAG LLE CUVIEAESTN
vepov-topévrov 0,60.

* A, Moocoiko (ndyog 4,0 cm): ZynuotiCeton amd koo
TOEVTO Kot PLEYAAEG YN @ideg kat eivar Agio.

= A,. Méppopo (méyog 2,0 cm): Tomonomuéveg mhdkeg
(30,0 x 60,0 cm) pappapov IMevtéing Agvkod ypdpo-
T0G, [e el EMPAVELQL.

= A, Kepauwd (ndxog 9,0 cm): IMhakida (30,0x30,0
cm) LE EMPOVELNKO VAAMLLOL.

= A, INootwd (méxog 2,0 cm): IMhakidw P.V.C.
(30,0x30,0 cm), OV EMKOAALDVTOL GE VTOGTPWOLLOL.

= A, Apug (myog 2,0 cm): EdAveg cavideg Tov enikol-
Advtal pe fondnTikd xopti o€ VIOCTPOLLA.

= A, O&ud (ndixog 2,0 cm): ducucd Evro XhoPeviag, pe
KOKKLVO PO, € ADPIOES.

= A, Auma (mdxog 2,0 cm): Pvokd Evro Agpikng, oe
Aopideg.

= A, Témnreg (ohxo6 vyog 12,0 mm): Témnteg pe cov-
Beomn axpoviikn 100% kot empaveiakn Tokvommta 3,0
Kg/m?.

= A, ©®ehog (ndyog 4,0 cm): IIhdkeg @erAiov
(30,0x30,0 cm), OV EMKOAALDVTOL GE VTOGTPWOLLOL.

Mivaxag 2: Heprypapn viikdv vrootpwpdtawy (Y).

" Y. Zxvpddepo: Omog 1o viko damédov, A .

* Y,. Foppmirodepa (ndxog 4,0 + 8,0 cm): Miypa and
appo okvpodépatog, yopumiit 7/15 mm, Koo Toyué-
vto (cvvtereotig vepob-touéviov,w = 0,70).

" Y,. Iephrddepa (méyog 8,0 cm): Kataokevdleton
Ao Koo ToEVTO, YOVOPOKOKKO TepAitn pe d1ofdo-
pion 0,5/4 mm g avaloyio 0YKov ToYEVTO, TEPAITNG
1,0 : 4,0.

* Y,. Koviopa (méyog 2,0 cm): Yrnoctpopa kotd v
tomofétnomn mhok®dv omd pdppapo. Kataokevaletot
amd acPEoTr, TOWWEVTO Kol GQUUO GE ovaAoyio OYKOL
1,5:1,0:8,0.

= Y.. [levko (mdxog pe wevdondrmwpa 2,0 cm, myog
x@pig yevdomdtopa 5,0 cm): Duokd EHio Zovndiag,
TO OTO{0 YPMNOCLUOTOLEITOL GTNV KATAGKELT KAPPMTOV
Evlvou damédov.

* Y,. Mopiocoavida (néyog 6,0 1 9,0 mm): Eivar npoiov
EvAov (gpumoptkn ovopacio: voBomdy) 6To omoio emt-
KOALGTOL SATESO PEANOD .

* Y. Ivocavida péong mokvomnrag (méyxog 6,0 1 9,0
mm): [Ipoiév &Ohov (epmopiky ovopacio M.D.F.),
TO OmO{0 YPNOLOTOLEITAL GTIV KOTOOKELT O0TESOV
QeEAAOD, OTOG TO Y .

= Y, E&nioopévn Tlotvotepivn (mdxog 4,0+5,0 cm):
IM\dkeg pe dwotdoeig 60,0 x120,0 cm.

* Y,. Acpartikn pepPpévn (méyog 4,0 mm): Zreyove-
TIKO VIOOTPOUA Omd UAADN, Ticoo Kol VTOAELLLN
miooag pe emeavelokn Tokvotnta 3,5 Kg/m?.

" Y, ®ehroc: Omog 1o vAkd damédov A, .

" Y, Zopmecpévog peArog: Aokipia pe méyog 6,0 mm,
LLE TUPTVO. KOTAGKELNG SamEGOV OO PEALD LLE TTAYOG
3,0 mm 1) damédov EHAOL d1ov ThYoLC.

" Y. ®ehhodg-kaovtooik (mhyog 2,0 +3,0 mm): Miyua
(PEALOV-KOOVTGOVK o€ poAd (mAdrtog 1,0 cm, pnkog
¢og 20,0 m). TTvprvag 6NV KOTAOKELT OATESOL
PeAAOV M EVAOVL pE PEYOAT MYOLOVOTIKY| KOVOTITO
(p=550 Kg/m3, 2=0,10 W/m.K").

T teyymtovg Aibovg, okvpddepo (A, 1Y), noodaiko
(A), yopumrodepa (Y,), mephrodepa (Y,) kot koviapa (Y,)
ot petpnoels Eywvav o€ dokipa nikiog 28 nuepav. O cuvte-
AeoTng Bepuikng aymyyotntag,  Oeprukn dudyvon, n Oep-
Hkn eniypon kot N adpdveia Tov uoikov Ebiov A, A, A
ko Y, mpocdiopictnrav e Siebfvvon kabetn oTig tveg Tovg.
O mpocdopIoOS TG POVOLEVIG TUKVOTNTOG TOV VAIKOV
&ywe petd and axpiPr pétpnorn Tov GyKov Kot Tov Bapovg
TpLopatik®dv dokipiov. (tivaxeg 3,4 kKot oynuata 1,2)

O ovvteheotg Beppikng ayoyyotrtag (mivokeg 3,4
Kot oynpota 3,4) Kot 1 €0tk Bgppotnta 6yKov mpocdlopi-
omkov pe m Pondewa g €d1kng popntig cvokevng “CT
METRE”. H pébodog, n omoia ypnoyorombnke ivat dvva-
LIKT), LKPNG XPOVIKNG dtdpKeLag Kot akptpnc. O ypdvog kabe
pétpnong dev Eemepva ta 500 s ko 1 axpifelo TV anote-
Aeopdtov, HETA omd emavainym, ivat g Taéng Tov = 2%.
H apyn g peboddov ompiletar ot droyétevon Beppotntog
070 doKipo e ™ Pondela KATAAMAOV «ousOnTHp®VY», Ot
070101 GLVIEOVTOL LLE TI] GUCKELT, KoL T1 LETPTON TOL pLb-
LoV avodoL Kot TTdong TG Beppokpaciog Tov dokipiov. Ot
«ooONTpeg» cuvodevovtal and Beppootoyyeia, pe T Por-
B0 TV omoiwv avaypdeetat diapkdg otV 086vn g GL-
okevng M Beppokpacio Tov doxiiov. Exovv oyfiua pafdov,
duKTLAIOL 1 TAOUGTOV KO €iTE ELGAYOVTOL 6TO dOKipo (Tepi-
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TTOoN pafdov), ite Torobetovvtal o€ oTeEV emaPn HETOED  aplOUoL TOPOUETPOV, AVAAOY e TN BepLuKT ay®@yoTTe
dvo Tunpatov tov dokyiov. o kKaBe péTpron amaiteitar  TOL VAKOY Kot TO €id0g Tov «arsOntipay. Ta amoteléopota
EMAOYN OPICUEVOL «TPOYPALLOTOS) KOl 1] €l0000G KOVOD TV HETPoEV gpeavifoviatl otny 086vn TG CLCKELNC.

Mivakag 3. Xapaxtnpiotikég 1010tyTeg vAKOY 00TEIDY.

Zoup. Y6 orparong p (Kg/m?) A (W/m.K) ¢ (x10" W.h/Kg.K) b (W.s"?/m’.K) a (x 10°m?/s)
A Zkopddepa 2350 1.67 2.86 2011 0.69
A, Moocaikd 2000 1.30 2.77 1612 0.65
A, Mappapo Ilevtédng 2700 2.90 2.50 2655 1.19
A, Kepapkd 2180 1.10 2.08 1340 0.67
A IMaoctikd (PVC) 2020 0.25 3.75 826 0.10
A, Apug 610 0.16 4.44 395 0.16
A, O&va 640 0.18 4.36 425 0.18
A Aluno 620 0.17 4.39 408 0.17
A, Témntog akp. (xori) 290 0.08 4.44 193 0.17
A, DeArog 150 0.05 5.28 120 0.18

[ivakag 4. Xopoxtnpiotikés 1010Th1e¢ DAIKOV DTOCTPOUATOV.

Zoup. Yo orpidons p (Kg/m?) A (W/m.K) ¢ (x10" W.h/Kg.K) b (W.s"/m’.K) a (x 10°m?/s)
Y, Zkoupddepa 2350 1.67 2.86 2011 0.69
Y, Tappmhodepia 1600 0.80 3.06 1187 0.45
Y, IMepitddepa 800 0.20 5.69 573 0.12
Y4 Koviopa 1700 0.87 2.89 1240 0.49
Y, IMevko 470 0.12 4.94 317 0.14
Y, Moprocavido 740 0.23 4.11 502 0.21
Y, Ivocavide (MDF) 770 0.25 4.03 528 0.22
Y, E&nA. ITolvotepivn 34 0.03 3.89 38 0.63
Y, Acpoit. Mepfpdvn 1200 0.27 3.19 610 0.2
Y, DeArodg 150 0.05 5.28 120 0.18
Y, ZOUTIEGHEVOG PEALDG 350 0.07 5.22 215 0.11

Y DeANLOC-KOOVTGOVK 550 0.10 4.72 306 0.11
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YAk 6 SaTédou YNKO datrédou
2ynuo 1. Tipés e paivouevng TokvoTnTag vVAIKOV 0amédov. Zyiuoc 5. Tés g e1dixijc Gepudtnrag vAkdv samédov.
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YNKS UTTOOTPWHATOG

Zynua 6. Tipég e e101kng OepuotnTag vAIKWOV DVTOTTPHOUATOS.
2o 2. Tiég e paivopuevng ToKVOTHTOS DAIK®Y DTOGTPOUATOG.
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Oeppikn emixuon, b [W.s/m2.K]

ZuvT. Bgpp. aywyipoTnTag, A Wim.K]

YNk Satédou

2oynuo 7. Tiwés e Ospruknc emiyvong viikwy domédov.
Zynua 3. Tyég tov ovviedeots Oeppikie aywyyuotnTog vAIKOY 00~
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Yhi6 umooTpdparo ytiuo 8. Tyéc tng Oepuixng exiyvong vAKMOY VTOCTPMUATOS.
2o 4. Tiués tov ovvreleoty Ospuikig oy yILOTHTOS VAIKOV DITO-
OTPOUOTOG.
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1,4 a.T
g 12 Npon = 0 3.4
E TR
§ 08 omov etvau :
= N U 4 4 2
S 061 a ;7 Oepuuch SiGLoN TOV GTPAOUOTOG, N GE M*/s
c . 4 4
£ 04+ d : 70 YOG TOV CTPOUOTOG, N GE M
& o2 T: 0 YPOVOG ér)sp’pumg EMiLONG Y (POVOS EMAPTG OE §
0 N. : 10 ypovikd pétpo Fourier Tov oTpdp0TOG, N.

A A2 A3 A4 A5 A6 A7 A8 A9 A10

YNKO datrédou
2ynuo 9. Tiés e Oeprurng 016yvong vAK®Y 00mEAoD.

0,8
0,7
0,6 4 1
0,5 4
04 -
0,3 4
0,2 4
0,1 4

04

Oepuikn didyuon, y [m2/s]

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12

YNk 6 darmédou

Zynua 10. Tyéc e Oepuikig d1éyvong vy DTOGTPHUATOG.

ATo TIg TWEG TNG TUKVOTNTOG, TNG EWIKNG Bepuotnrag
OYKOL KOl TOV GUVTEAEDTH BEPUIKNG OYOYILOTNTOG, TPOGOL-
opiotniav 1 €y Bepudmra (oy. 3.1), n eniyoon (oy. 1.1)
Kot 1 Oeppukn dudyvon (oy. 1.2).
c=C 3.1

p

Ot TYEG TV OTOTELEGLATMOV avaypAPOVTaL GTOVG TTival-
ke 3 Kot 4 kot ametkovilovTot Le T HoPOT 1GTOYPAUUATOV
oto oynpata 5,7,9 kat 6,8,10 yio ta vAKE damédov Kat vo-
GTPOUOTOC, OVTIOTOLYMG.

Axolo0Bwg, mpocdiopiletarl kot 1 Beppiky eniyvon tov
€£eT000EVTOV JamEdMV e TNV TaPaKAT® HEBOO :

Apyikd, mpocdiopiletal o aplOUdG TOV VTOGTPOUA-
TOV NG KATOOKELNG ddmedo-ndtmpa, n+1, 6mov givar n =
1,2,.... Tl 10 ddmedo o deiktng Bewpeitar 1. Xn cvvéyet-
a, Ttpoodlopiletarl n Beppukn eniyvon kdbe oTpdOUATOG N
oy. (3.2). AxorhoVBwmg, mpocdiopiletar 1 Bepuikn| emiyvon
K@Be VTOGTPOUATOC, N, KAT® Ao TNV ENIOPACT] TOV ENO-
pevov, n+l, (pon Beppodtnrag amd 10 n 610 n+l), and ™
oy. (3.3), n omoia 0dnyel enAYOYIKA GTOV TPOGIOPIGLO
g Oeppukrg eniyvong B, 1 B g avotatng otpdong
(d4medo).

b= /Ap.C, 3.2
Bn,nﬂ = bn + Kn,nﬂ'bn 33

O ovvteheotig K ., exppalet v enidpacn tov 61ped-
patog nt1 670 n ko e&aptdrar omd 1o Adyo b, /b, Ko amd to
xpoviko pétpo Fourier, N | Tov otpdpatog n. Eivor :

Fo,n?

Foi‘—l Tun tov cvvteheom K | etvan Betuen, apvntuen 1
undév avéroya pe v Tiun tov Adyov b , /b . T'o amhomoi-
non TV LIoroYoUAVY N T Tov K | mpocdiopictnke ano
0 Suypappa (b, /b K ) v didpopeg Tipég Tov ypovi-
kov pétpov Fourier. To didypappa givar aviietoiynon tov
SLYpALUOTOG TNG OMEKOVIONG TNG BEPLOKPACIOKNG KOTO-
voung, mov divel 1 Bewpio Oeppikig ay@ydmTog Katd TV
EMAPT SVO CTEPEDY VAKAV e SL0POPETIKT Bepokpacia yo
yxpoévo t.

=

'-TL:“ [ ¥ 7 77
‘;,4.' —1= +
o 4 2
Fine e
M ag
- HINEIT,
§ 22 /
& / ]
10 0.5 % :4 / —
o i3 ] 15 ]
) TIMH EYNTEAESTH K, .., =

Metofolyy tov ovvieleoty Oepuikng emiopaong vmo-
otpoporos ntl eni orpouotog n, pe 1o Loyo Oepuixov
EMYVOEWY, VIO, OLAPOPES TIUES TOV YPOVIKOD UETPOD
Fourier.

Zynua 11

Zto oyfpa 11 omewoviCetar to Sbypappa (b, /b,
K, 1> Y10 316popeg Tég Tov ypovikov pétpov Fourier kot
v xpovo emaeng 720 s. Onog paivetal amd To S1GypPOpLLL,
KPUIMpLo NG EMidpaong Tov vrooTp®duotog ntl eni Tov n,
omotelet To xpovikd pétpo Fourier, Ny .
= T 1/Np >3 nmpn oo coviedeo K| ivan opedn-

téa, aveEdptnTa omd v TIum Tov Adyouv b /b .
= T 1 /N <3 eletdleton to aBpowopa (1 /N, )+ (1/

Ny +1) O 0x€0n pe my Tipf 3 kot
= Av(1/N )+ (1 /Ny, )>3nupqtov K L Aapfa-

VETOL 0TO TO S1dypoppa Tov oyqratog 11 amd g Tyég

bn+l/bn Kot NFo,n.'
= Av(1/Np )+ (/N ) <3 eleraleton n enidpaon tov

VROGTPM®UATog nt2 gni Tov ntl K.0.K.

Axolo0Bwg peketdton  Beppukn copmeplpopd 6 THROV
danédwv - vrootpwudtev T, T, T, T, T, xa T, ta onoia
AVTIOTOL(OVV OTIG €61 TEPLOYES TNG KAILOKAG TTOV EKTEIVETOL
Ao «TOAD YuypO» HEXPL «TOAD Bep oy (Tivakog 4).Ot topég
TOV TOPUTAVE® TOTOV SUTEIDOV-VTOCTPOUATOV TOPOLSLAL0-
vto 6to oynuo 12.
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Apywd, mpocdlopictnke M Beplikn emiyvon G oved-
Tatng otpdong (ddmedo), kdtw oamd v Emidpacn TV
VROoTPOUATOY. O TPocdoplordg Eyve pe T Pondeta tov
wponyovpevoy kpitnpiov, tov oy. (3.2) kot (3.4) Kot ToVv
dwaypappotog tov oynuotog 11. H Bepukn adpdvela tov
dumESd@V TPOGAOPIoTNKE OO TIC TOPUKAT® CYECELS :

D=Rb 3.5
D,=R,b, 3.6
D, =R, B 3.7
OTov gvan :

D, D,: 1 Ogppukn adpdveta [s"*] otpdong vitkov kot domé-
S0V Y®PIG VTOGTPOUATA, AVTICTOLYA.

R, R,: n Ogpuucn avtictaon [m?.K/ W] tng otpdong kot tov
dumédov, avticTorya.

B,b,: 1 Oeppuxy eniypon [W.s"? m>K] g otpdong ko

TOV SOTEGOV YMPIG VIOGTPAOUATA, AVTICTOLYO.

n Beppkn emiyvon [W.s'?/ m?K] tov damédov pe

VITOGTPMOUOTO,

T 0TOTELEGLOTO TOV PETPCEDV QVTAV OVOYPAPOVTOL
otov mivaxa 4.

Téhog, TPocdlopioTNKE 1 GTIYLUOIN TTTOGCT TNG EMLPAVEL-
KNG OepUOKPACIOG KOTA TNV ETOPT KTEXVNTOD TOSI0V» LE
Ta dameda Tov [livoka 3 kot Toug TOTOVG JATESWOY |LE VITO-
otpopota T, =T, tov oyfuatog 12. O npocdiopiopos £yve
pe ) Ponbeta g oy. (1.3) Kot To oTOLYEID TOV «TEYVITOV
Tod100» KOl TO OMOTEAECHOTO Yo O1dpopeg Bepprokpacieg
damédov avaypapovtar otovg [Mivaxeg 7 kot 8.

B:

Mivakag 5. Katnyyopies danédwyv o oyéon pe 1o aioOnua Ospuotnrog 1 woyoug.

B oaréoov W.s'?/ m’. K Ap1Buée ovupfolov Koaznyopia domédov
<150 1 «molv Bepud»
150< <350 2 «uETpla Beppox»
350< <700 3 «Oeppox»
700 < <1200 4 CUETPLO YUYPO»
1200 < <1800 5 «YoxpoO»
1800 < 6 «OA) YuypO»

Mivaxag 6. Tiués s Oeprurig adpavelag twv eletacOéviwy omeédmy Ywpic VIOTTPOUATO. KOL UE DTOTTPDUATA.

SopB. Yo domé-  IMayog R (mAK/  Ogpuiky adpdvewr  TOmog da-  Ogppikh adpdveld THIOL S0TESOV

dov m W) VAIKOD damédov s'? eSOV s'?
A, Mappapo 0.02 0.7 18.3 T, 16.5
A, Kepapucod 0.009 0.8 11.0 T, 10.4
A, IMootkd 0.002 0.8 6.6 T, 9.6
A, Apvg 0.020 12.5 49.4 T, 48.4
A, Deldog 0.004 8.0 9.6 T, 19.2
A, Deldog 0.009 18.0 21.6 T, 27.0
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EgwTepIkog XWpog

T, : B=2390 W.s"*/m.K / Katnyopia 6, «mold yoyxpo»

T, : B=1273 W.s"*/m.K / Katnyopia 5, «yoypd»
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T, : B= 1198 W.s">/m.K / Katmyopio 4, «uétpa yoyxpo»

T, : B =573 W.s"/m.K / Katyopia 3, «0epuéd»
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E€wTepIKOG XWpOog

T, : B =276 W.s"*m.K / Katnyopia 2, «pétpio Oeppon

2o 12. Toués tomik@v 00mEdWY TOL avTiaToiyovY oIS £C1 Oepuikés Katnyopieg 0OmEIWY THS KAIUAKAS «TOAD Woypoy + «ToAD Oepuoy.

T, : B =150 W.s"/m.K / Katnyopia 1, «mokd Oepud»
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[Tivakoag 7. Oeprurés 1010tnteg kai Geprokpacies «TexvnToD Tod100» KoL TV eETaoHéVTmVY TOI@Y J0mEIOD.

«Teyvmto modw : XaAkdg, t, = 36,5 °C, p = 8890 Kg/m3, L = 381 W/m.K, ¢ =377 Wh/Kg K, bl = 35734 W.s1/2/m2.K

2oup.  Yhiko empaveioxng b damédov Apyixn empaveroxn Oepuoxpa-  Lryuioio wrron Gepuokpooios «e-

oTPWOONG (W.s"?/ m’.K) olo. vlikod damédov (°C) xviTod wooody (°C)

T, Mdappapo 2390 5 2.0
A) 10 1.7

15 1.3

20 1.0

25 0.7

T, Kepapwo (A,) 1273 5 1.1
10 0.9

15 0.7

20 0.6

25 0.4

T, Kepapo (A,) 1198 5 1.0
10 0.9

15 0.7

20 0.5

25 0.4

T, Apug (A) 573 5 0.5
10 0.4

15 0.3

20 0.3

25 0.2

T, O&va (A,) 276 5 0.2
10 0.2

15 0.2

20 0.1
25 0.09

T, DO (A,) 150 5 0.1
10 0.1

15 0.1

20 0.1

25 0.05
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[Tivaxag 8. Ocprukes 1016ty KOt OepIOKPaATIES TEYVHTOD TOOLODY KO DAIKDV 00TEAOD.

«Teyrynto modw : Xakkdg, t, = 36,5 °C, p = 8890 Kg/m’, A = 381 W/m.K, ¢ =377 W.h/Kg.K, b, =35734 W.s"’/m>K
Zoup. Y2ix6 domédov b damédov Apyien empaveroxn Oepuokpaoio | Zrywoio nrdon Gspuoxpocios «texvy-
(W.s"?/ m?.K) vAod damédov (°C) 700 woorovy (°C)
A, Zrvpodepa 2011 5 1.7
10 1.4
15 1.1
20 0.9
25 0.6
A, Moocaikd 1612 5 1.4
10 1.1
15 0.9
20 0.7
25 0.5
A, Méppapo ITevtéing 2655 5 2.2
10 1.8
15 1.5
20 1.1
25 0.8
A, Kepapukd 1340 5 1.1
10 1.0
15 0.8
20 0.6
25 0.4
A, Maotiké (PVC) 826 5 0.7
10 0.6
15 0.5
20 0.4
25 0.3
A, Apvg 395 5 0.3
10 0.3
15 0.2
20 0.2
25 0.1
A, O&va 425 5 0.4
10 0.3
15 0.3
20 0.2
25 0.1
A, Alpma 408 5 0.4
10 0.3
15 0.2
20 0.2
25 0.1
A, Tamtag akpoh. (yoAl) 193 5 0.2
10 0.1
15 0.1
20 0.1
25 0.1
A, Delhog 120 5 0.1
10 0.1
15 0.1
20 0.1
25 0.04
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4. IIETIPAMATIKA AIIOTEAEXMATA

Ot TG TG POUVOLEVT|G TUKVOTNTOG TOV £EETAGOEVTMV
VAMK®V 00mESOL Kol VTOCTPOUATOV TOKIAOLY GE gvpeia
KAlpoka (nivakeg 3,4 ko oynuota 1,2).

O1 dapopéc givar onUavTIKEG Kot Ot TIHEG KupaivovTal
and 34 Kg/m® (eEnlaopévn molvotepivn) puéypt 2700 Kg/m?
(Aevko pappapo).

Ot Tipég Tov ovvtedeostn Bepuikng ayoypudtntag givat,
OTIG TEPIOCOTEPEG MEPUTTAOCELS, PIKPOTEPES amd 1,0 W/m.K
pe eEaipeomn 10 oKVPOSEUA, TO LOCUIKO KOl TO KEPOLLK
TAOKAKLA, 6To ool ot TIéEG Kupaivovtal and 1,0+2,0 W/
m.K, kot o péppopo mtov tanowaler v iy 3,0 W/m.K.
To mepiocdtepa pmopovv va Bewpnbovv g Beppopovm-
TIKQ pe péon tun kato and 0,2 W/m.K (wivaxeg 3,4 kot
oynuata 3,4).

10 oynpa 13 anodidetatl ypapikd o cuvteAeotg Oep-
KNG ayoyiudtntog tov e&etachéviov vAMKOV og oyéon
He ™ @avopevn mukvotNTd TOuS. ATO TN HOPPN TNG Ko
UTOANG OLOMIGTAOVETOL 1] LEYGAT EMIOPOCT TNG PALVOUEVTG
TLUKVOTNTOG 0T OEpUIKN AY@YIUOTNTO TOV DAMKOV.

Amd toug mivakeg 3 kot 4 kol To oyppata S kot 6 -
mot@vetal 6Tl 1 ek Bepuodtra OAmv oxedov Tov ee-
taoBéviov VAoV, kopaivetoar and 2,00x10 + 530x10!
W.h/Kg K, pe eéaipeon to mepAitddepa mov Eemepva v
T tov 5,30x10" W.h/Kg. K.

Yta Saypdppata tov oxynpatov 14 kot 15 anodidetal
N HeTaPOAN NG €0IKNG OepUOTNTOG LUE TN POUVOLEVT] TTL-
KVOTNTO KOl TO GUVTEAESTN BEPUIKNG Oy@YLOTNTOG, OVTL-
oToly®wc. Ao TNV KOUTOAN TOV oynuatog 14 mpokovmtet,
OTL 1 €101K1 BepUOTNTO PELDVETOL TOAD [E TNV ovENGN TG
QOVOLEVNG TUKVOTNTOG. ATO TNV KOUTVOAT TOV GYNLLOTOG
15 mpokbdmTet, OTL AVAAOYN Kot 6€ EVTOVOTEPO Pabud sivat
N eMidPAoT] TOV CLVTEAESTH DEPUIKNG Ay®YILOTNTAG OTNV
€101k Beppomta Tov VAKoOV. ['evikd 1 e1dwn Bepuotnta
LELOVETAL [LE TNV ODENCT TOV CLUVTEAESTH BEPLKNG Oy@YL-
poT™TOG.

w
<] 3 T 0
E & [NeIpapaTikEG TIMEG /
s¢2
B
3 E 1 1 (3
g< 3
[}
;' A_:‘_Q_-— >
2 0
0 1000 2000 3000

®anvdpewn TTukvoTnTa, p [Kg/m3]

Synua 13. Metafolsy tov ovvieleotn Ospuikie aywyyuotnrog oe
GYéaN UE TH POIVOUEVT] TUKVOTHTO.
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Synua 14, Metofoln g e1dkns Ospuotnros twv eéetacbéviwv
DK@V UE TN YaIVOUEVH TUKVOTHTO..

o TS0 |
S o MeIpapaTikéG TIPEG
= 4
gﬁ) 4w
aXx * e
&= ———
=2 2 *
g=
]
]

0 T

0 1 2 3

Zuvr. Bepp. aywyipotntag, A [W/m.K]

Synupa 15 Metafoly thg e10ikng Oepuotnrog oe oyéon ue 1o oovre-
Aeoti) Ospuurng oy yyuoTnTog.
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Zynpa 16. Zyéon petald e10ikng Bepudtnrog kai Gspuikng diayvons
TV eletacOéviwy vAIKOV.

Ot tipéc g Beppukng dudyvong tov e&etacHévioy vAL-
KoV kopaivovtor oo 0,10 +1,19 x 10 m?/s. Tn pukpdtepn
Beppukr| didyvon €xel 10 TAAGTIKO dGmedo pe T 0,10%10°
W/m.K kot peyodtepn to pdppopo pe 1,19x10°W/m.K.
(mivaxeg 3 ko 4 ko oypota 7 ko 8).

H petaforr g Bepuikng dudyvong o€ oyéorn pHe TV
e OBeppomto anewoviletor oto Zyqua 16. Amd avtd
TPOKVTTEL OTL 1 BepLukn| didyvon pewdveral pe Ty avénon
g kg Beppomroc. MAAoTo, SMIGTOVETOL HEYAAN
peimon g Beppkng dudyvong TV e£eTacHEVIOV VAKOV [LE
™V avénon g ekng BeprotTog.

Yta teplocoTepa eEETOGOEVTA VALK 1) TN TG BepLukig
eniyvong sivan pikpotepn and 900 W.s"*/m?K. Zvpfatikd
VAIKA, OTT®OG GKUPOSEUM, LOCATKO, LAPLOPO, KEPALLKE TA-
KAKL K.0., £Y00v PEYAAN Beppukn emiyvon. 10 UGIKO ELAO
ol TIéG sivan pkpég Ko Kupaivovtol yopw oto 400 W.s''?/
m?K, pe pikpotepn T to 317 W.s>/m?K yia to mevko.
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Xopoktnplotikn givot 1 ToAD pukpn T g e&nioacuéving
noAvotepivng, N onoio eivar 38 W.s"2/m?K. Inuavtikd pi-
KpEG €lvat Kol 01 TIHES TV VTOAOWOV £EETAGHEVTMV VAIK®V.
(mivaxeg 3 ko 4 kot oypota 7 Ko 8).
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Zuvr. Bepp. aywyigotnTag, A [W/m.K]

/ .

OepuIkA eTmixuon, b
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Xynpa 17. Metafoln g Ogpuikng emiyvons twv eletacbéviov
VAIK@V e TOV oVVTEAETTI] OEPLUKNS Oy YUOTHTOS.
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* o MelpapaTIKEG TIPEG
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Oepuikn emixuon, b
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Eidikr BeppotnTa, ¢ [W.h/Kg.K]

Xynpa 18  Metafoln g Ogpuukng emiyvons twv eletacbéviwov
vAiK@V ue ™V e101Kn Gepuotnro.

H petafoin tng Beppukng eniyvong o€ oxEon e TO G-
vTeELEoTN BEPUIKNG Ay @YILOTNTOG KOl TV E101KT BEppoTnTa
angikoviletal ota dtaypdppota tov oynuatov 17 kot 18,
aVTIOTOIY®G. ATO TNV KOUTOAN TOV oynpatog 17 Tpokidntel
OTL M Bep UK ETiyVOT OLEAVETAL e TNV 0ENCT TOL GLVTE-
Aeoth Beppikng ayoyywottoc. H petaforn sivar peyodlo-
TEPT GTO, VAKG GTO OTTO10l 1) TULY TOL GUVTEAESTN BEPLUKNG
ayoypotntog eivor pikpotepn and 0,3 W/m.K, katnyopia
TNV OTOolo VKoLV Ta TEPLGGOTEPQ Oamd To e€eTtacévta
VAMKGE 0amédov Kol VRTOGTPOUATOV (dpvg, ofvd, Aluma,
nevko, voPforndv, MDF, mloctcd dodmedo, mepAitddepa,
eEnhacpévn molvotepivn, aoQUATIKY HepPpavn, @eALOG,
OCUUTIEGEVOG PEALOG, PEAAOC — KOOVTCOVK KOl AKPVALKOG
Témnroc).

To mepapatikd anoteléopata mov aneikovilovial 6To
dtdrypappo tov oypatog 18 deiyvouv 6TL 1 Beprukn eniyoon
UEWDVETOL YEVIKA pe TNV avénomn g kng Beppotntog.
Yta vAkd pe ewdkn Bepuomra pikpdtepn amd 0,306 W.h/
Kg.K n petapoin g Beprukng emiyvong eivat tetpanidoio
amo ) petafoin g ewdikng Oeppotrog. ITodd pkpdTepn
elvoun petaforn] ota LAKA pe 101kn Beppotnra peyaAvTepn
ano 0,306 W.h/Kg K.

To amoteléopata TOV HETPHGE®V NG Beppukng emi-
YVOMNG TOV VMKOV 6amédon KAT® amd TNV ENIOPOCT VITO-
Kelpevov otpdcev gaivovtal ota &L TumKd dAmeda Tov

oyfinatog 19. 1o oxfua avtd, otov tno T, to ddmedo
elvar Aevkd pappapo. H Ty g Beppukng eniyvong tov
damédov, Tov Tpocdiopiotnke e TV avortvydeica pébo-
3o, Ppébnke ion pe 2390 W.s'2/m?K. H véa Tiun ekppdlet
™ Oepuikn cvpumepipopd Tov cvykekpuévov Tonov T, Yo
xpovo Beppikng emapng 720 s. To id10 woyveL Kot Yo TOVG
tomovg T,,T,,T,, T, ko T, (1273,1198,573,276 o 150 W.s"
Ym’K, avtiotoiymg).

Ot Tiég TV cvvtelesTd@V eniyvong Tav €L TOT®V do-
TEO®V o€ cLVOLOCUO e TIg Kotnyopieg Tov ITivaka 5 yapa-
kmpilovv ta damedo and TAgVPAg BepLIKIG CVUTEPIPOPAG
(oxfipo 12).

Ot Tég g Beppukng adpdvetlog Hetobd TV Sumédmv
Tov oynuatog 20 dapépovv onuavtikd. Kopaivovior and
9,6 W.s"?/m’K ctov tomo T, pe mhootiko damedo péypt 48,4
W.s"?/m’K otov Tomo T, pe dpvivo démedo.

Meydieg ivar Kot ot d10popEs TG Bepuknig adpavelag
oto. ovtiotoryo vAwkd (Ilivakag 6). Amd ta otoyeion TOL
mivako 6 Kot T dtoypdppoto Tov oynpatog 20 mpokvmTel
dapopd ot Beppikn adpdveia petaé&d TV THTOV TOV do-
ngdov T, T, T, T, T, ko T, kot tov vAKdOv 10V Santédnv, N
omoio gival amoTéAESUA TNG ENMIOPAOTG TOV VTOCTPOUATOV
GTNV OVOTATY GTPAOCT).
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= =0 = Tipég Beppikdg emiyuong domebou yuwpic uTogTpdpata
— —& — TIpEC Beppikig emmiyuong doméhou pe uTToOTpOpoT

Yynua 19, Emidpacn twv vmootpwuctwy exi e Osppuxng exiyoons
damédov yia EE1 THmOVS doTEIWV.
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Timog Gomédou

= =0 — npég Beppikig emlyuong dorEiou ywpic uToaTpopoTo
— —& — TIPEC Beppikng eTmiy¥uonc BaTTEDOU PE UTTOOTPWPOTD

Zynua 20 Emidpacn twv vmootpomudtwv eni e Oepuikns adpavei-
oG damédov, yia €E1 TOTMOVG dOTEIWV.

H otypoio mtoon g emoaveiakng Bepprokpociog
TOV «TEYVNTOV OO0V ,KOTA TNV EMAPT He danedo, diveTat
otovg mivakesg 7 kot 8. Ia Beppokpacio «teyvnTton T05100»
36,5 °C ka1 damédov 5 °C, n otiypaio ttdon sivor and 0,1
+2,2 °C ywo ta. 8ameda Tov Iivaka 3 kot amd 0,1 +2 yio Tovg
€& TOmovg damédmv Tov Tynuotog 12. Xto danedo amd pel-
A6 M mtdom Exer Ty TN 0,1 kot 6To pappapo 2,2. Aumthdoio
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OV QEALOD Eival 1 TTOGN GTOV AKPVAIKO TAmNTe. Meydan
TTMOGCT TOPATPEITOL OTO CKUPOSEN KOl GTO LOCOIKO. XTO
@VoKo VAo M TTdom eivar pukpn. Ewduotepa otnv o&vd kot
070 Alpma 1 Ttoon eivon idta kot ion pe 0,4 °C.

Yta 5Gmeda e VTOCTPMUOTO 1) TTAOOCT YEVIKA gival pi-
Kpotepn pe e€aipeon otovg tonovg T, kar T, 6mov 1 wrdon
eivan peyoardtepn kotd 0,3 ko 0,1 °C, avtictoiyws. H da-
Qopa Gg oYEOT LE TO avTioTOLo VAKG Tov mivaka 3 eivol
TOAD LIKPY| KOl OE LEPIKA VAIKA, OTMG PEALO KO KEPOLIKA
mAokako gfvat id1a.

Yta Swypappota tov oynpdtov 21 ko 22 anewovile-
TOL 1] TTOON TNG oTyuoiog 0eprokpaciog Tov «TeXvNTon
Tod100» 6 oYEon e TNV apyiKy BepUoKPAGio. TOV dAmESOV.
H mtdon eivor ypappukn Kot petdvetal pe v avénon mg
apykng Beppokpaciog Tov damédov.

310 160TOYpOppO TOL oyfupoatog 23 ametkovilovtal Ta
OTOTEAEGLOTO, TNG HEAETNG TNG BEPUIKNG CUUTEPLPOPAS TOV
e&et000éviav TOTOV damédwv Tov Zynuotog 12 kot 1 o1d-
KpLoT TOVG o€ Kotnyopieg pe Paon to aicOnuo Beppotntog
N yoyove.
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ZTIyHiaia TITWon Bepuokpaciag
'TexvnTou Todiol" [*C]
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ApxIkr) Beppokpacia uAikou datrédou [*C]

Zynua 21, Metofory e mrawons e otyuicios Oepuokpaciog
«TEYVNTOD TOO0100» e TNV empavelakn Ospuokpacio
00TEIOD YLt O1APOPA. DAIKG.
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Synpa 22. Metofoln e mrwons g ouyuiaios Oepporpooioc
«TEYVNTOD TOOL00» UE TV EMPavelokh Bepuoxpaoio
domEIov YL EE1 TOTOVG OATEIWV.
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Synupa 23, Twés e Oepuikng emiyvong twv eletacléviwy domé-
owv

5. XYMIIEPAXMATA

ATO TN HEAETN TOV OMOTELECUATOV OVTNG TNG EPYOCi-
0G ovumepaiveTol 6Tt Kabe éva omd T eEetachévio vVAIKG
Tapovctalel S10POPETIKEG BepKES 1310TNTES , EMELDN AVTA
£YOLV S10POPETIKEG OOES.

H Beppukn ayoyyotta avéavetal Kabmg avEavetal m
eowvopevn mokvotta. H edue) Beppotra peidveran, ko-
B¢ avEdvetal N EOIVOLEVT] TUKVOTNTO KOl O GUVIEAEGTIG
Beppukng ayoywomrog. H emidpoaon g Oeppikng ayoyr-
pomtog oty ek Bepudtnra gival eviovotepn amd v
avtioToyn emidPOOoT TNG PAVOLEVTG TUKVOTNTOG.

Amd 1o e€etachévio VAMKE To pappapo Topovcstalel
peyadvtepn Bepuikn| dudyvon (1,2x10¢ m?/s) ko to mhaoti-
K0 8Gmed0, 0 GUUTIEGUEVOG PEAAOS KO TO UTYLLO PEALOV-KOL-
ovteovK ™ pkpotepn (0,1x10°° m%/s). T'evikd mapatnpeitan
peiwon g Beppukng ddyvong pe v advénon g EWIKNg
Beppotntag. MeydAn givar n petafoin g Beppikng didyv-
oMG OTA VAIKG [ pukpn g0k Beppotnro.

H Beppukn eniyvon av&avetor pe mv avénon tng Oep-
pikng oyoyywottag. H tyun g ota e€etacBévio viukd
éyel ueydro gbpog (amd 38 W.s2/m*K otnv eEnloocpuévn
nolvotepivn péyxpt 2655 W.s'>/m’K o6to Aevkd pappopo
g Ilevtédng). Xe O6ha To €i0m PeAloD Kol GTOV TATNTA
ol TIHEG NG BepIKNG Emiyvong €lval OMNUOVTIKG UIKPEG.
AT6 T TEPOLOTIKG OTOTEAEGHLATO TPOKVTTEL 1] OVTIGTPO-
oN oyéon uHeta&d g BepUikng emiyvong kot NG EWOIKNG
Oeppomrag. H petafoin elvar peydin oto vAKa pe pukpn
€101k Beppodtnra.

AmoTtédeopo TOV SPOPETIKAOV BepUIK@OV  1510THTOV
glvar 1 dtapopd Bepknig CLUTEPLPOPAS TOV VAIKOV GTNV
kataockevt]. Edwotepa, oto daneda 1 Oeppixy copmepipo-
pa koBopiletar amd ) Oeppukn emiyvon, n onoia amnotedel
Boood kprripro.

Ta anoteléopata dgiyvovv OTL O YOPUKTNPICUOG TOV
damédmv and dmoyrn acHnpatog Beppotntag 1 Yyoyovs Ko~
Bopiletar and ™ Bepukn emiyvon G AVAOTOUTNG GTPAOCNG.
Yy mepinton anAdv damédmv kpunpto givat 1 T NG
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OepluKng emiyvong TOV LAIKOV, OMMOG QOIVETOL OVUAVTIKG
oTov Tivaka 5. 210 aneda e0mTEPIKOD YDPOV, TO, OTToia. EivVoL
ddmeda kat’ €EoYNV e VTOCTPOUATA, Ol TIHEG TNG Beppikg
EMYVONG TNG AVAOTATNG GTPAOCNG SUOPPAVETOL ATd TIC TL-
HéG TG BepLiKng EmiyLoNG OADV TOV OTPAOCEDY KAl OO TO
xpovikd pétpo Fourier. To, cUUTEPAGHATA TOV TEPAUATIKOV
AmOTEAEGHATAV, Y10, €61 oOvVOeTa ddmeda, eivar OTL 1) Beppukn
EMYVON TG AVATATNG OTPDOOTG EMNPealeTon BeTUC 1) APV TL-
K@ avaAoyo pe T Beppukn GUUTEPIPOPE TMV VTOGTPOUATOV
Ko E0IKOTEPA TNG VIOKEILEVNG GTPOOTG TOL Somédov. Xt
obvBeta dAmeda, OOV TO VAIKO TG OvATOTNG GTPAOCTG 7oL~
povoldlel peyoldtepn Beppukn eniyvon omd T0 VIOSTPWLLOL,
OT®OG LAPHOPO HE VIOCTPMLLO, KOVIOLLE, KEPOUKE TANKOKLOL
pe yopumAddepo kot 0&vd e GUUTIECUEVO QEALD, TOPATY)-
peitan peimon g Bepukng emiyuong Tng ovAaTATNG GTPOCNG.
To avtibeto cvpPaivetl ota dameda amd VKO pKpOTEPTS BEp-
LIKNG ETIYVONG TOV VITOCTPMHATOS, OTMS TAOCTIKO OATEDO pE
VIOGTPOUON LOGOKO, OpLG e HiyHo PeEAAOD-KAOVTGOVK KoL
de0TEPO VITOGTPOLO LOGOTKO Kot PEALOS e voBomdy, 6Tov 1
Beplukn emiyvon g avAOTATNG GTPMOCNG OVEAVETAL.

Avdloya givorl To. cupmepdopata Yo tn Oeppikn adpd-
vewr tov domédwv. Tlapatnpeitar petaforn g Oeppukng
adPAVELDG TOV SamMESOL AOY® EMIOPACONG TOV VITOCTPMOUA-
TOV. Agv TPOKVTTEL KAVOVOS Yo, TNV avénon 1 ™ peioon
™G BepUIKNG adpAvELNG TOL dATESOV AOY® GULULUETOYNG Kot
g Beppikng avtiotaong Tov damédov oTr SLUOPP®CT) TG
TEMKNG TIUNG TNG BepLukng adpaveiag.

YyeTikd pe TN otiypaio Ttoon g Beppokpaciog «te-
xVNTOV Tod10H», KOTA TNV EMAPN TOL UE amAd 1| cVVOETO
d4mEd0, TO CLUTEPOCLLO TOV TPOKVTTEL EIVOIL OTL GE OAEG TIG
TEPITTOGELS LEAVETAL Le TN Bepkn emiyvoT TOV dAmESOL.
Hopddiinio mapatnpeitor peioon g oTyHaiog TTOONG
g Beppokpaciog Tov damédov.

Amd T0 Tapamdved TPoKOTTEL 0 KAOOPIGTIKOG pOAOG TOV
VIOCTPOUATOV OTN Oeppikny GLUTEPLPOPH TV CUVOET®V
SumES@V KOl EBIKOTEPA TOV TPATOL VAOCTPOUATOS KAT®
a6 1o 0anedo. To yevikd cvpmépacpo gival 6Tt 1 Beppikn
CLUTEPLPOPE SUTESOV PEATIOVETOL CNUAVTIKG OO Vo VITO-

I'EQPI'IOX 1. IOYAAKOZX,

oTpOpO HkpNg Beppikng emiyvons. Avtifeta ddmedo KaANg
Bep KNG CLUTEPLPOPAG UTOPEL VO yapaKTnploTel «un Bep-
pno» AOY® VTOGTPAOUATOG PEYOANG BEPUIKNG EMiYLONG.
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Thermal properties and behaviour of floors
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Abstract

This paper analyses the effect of floor substrates on the thermal
behaviour of floors in interior spaces, as well as on the thermal
sensation of the inhabitants. For this reason, the thermal and
physical properties of commonly used flooring materials, such as
concrete, marble, terrazzo, ceramic tiles, gravel concrete, perlite
concrete and mortars, Swedish pine, Slovenian oak and beech,
African Limba, particleboard, middle density fibreboard, plastic
tile, polystyrene, asphalt material, cork tile, mixture of cork-rubber
and acrylic carpet, are presented and studied. Firstly, according
to the thermal sensation that is induced, floors are classified from
“very cold” to “very hot”, depending on the thermal effusivity of
the material. Furthermore, the thermal behaviour of six types of
floors with substrates is studied according to the thermal sensation.
From the analysis of the results of the study, useful conclusions are
drawn concerning the use of materials for the construction of floors
for interior spaces.

1. INTRODUCTION

In interior spaces, when the air is stagnant—something
that rarely occurs in real conditions—the surface temperature
of the floor depends on the interior air temperature and the
temperature of the ground or the space underneath the floor,
as well as on the thermal conductivity of the flooring material
and its substrate(s). In non-steady state, the instant surface
temperature of the floor is defined by the amount of heat that
is transferred to the ground, the thermal conductivity and the
heat capacity of the floor [1,2,3].

Contact of the foot with floors with a surface temperature
higher than 28°C for a long period of time causes uneasiness,
while for temperatures lower than 15°C there is cold
discomfort. [4] The heat transfer from the foot to the floor
refers to conduction heat transfer. In this case, the heat transfer
rate, from the hot to the cool solid, depends on the thermal
effusivity, b, of the cooler, which is defined by eq. (1.1). The
speed in which thermal balance is achieved in the cooler solid
depends on its thermal diffusivity [5], which is derived from
eq. (1.2), while the instant surface temperature, t, on the
contact surface can be calculated from eq. (1.3). [6,7]

For floors that are formed by one sole layer, the
temperature drop of the foot’s temperature during the contact
Submitted: Nov. 14, 2008 Accepted: Apr. 6, 2010

with the floor is proportional to the b value. However, in
interior spaces, the floor is nearly always made up of more
than one layer and the effect of the substrates on its thermal
behaviour is important. As a result, the thermal sensation
from the contact of the foot with the floor depends on the
new value of the thermal effusivity of the floor, which is
influenced by the presence of substrates.

During the last decades, many researchers have been
concerned with the behaviour of warm and cold floors.
[8,9,10] In some of those publications, results from
experimental studies that were conducted with the use of
the “artificial foot” are reported. This paper presents the
experimental measurements of a study concerning the
thermal behaviour of internal flooring materials under the
influence of different substrates. The experimental method is
based on the theory of thermal conductivity of multi-layered
solid materials.

2. MATERIALS AND TESTING

For the experimental procedure, materials that are
commonly used for the construction of floors (A) and floor
substrates (Y) were used and are presented in Tables 1 and
2. The experimental procedure took place in the Building
Materials Laboratory of the N.T.U.A. From the results of the
measurements, the materials’ typical, physical and thermal
properties were defined, according to the appropriate
standards. The specimens used during the experiments were
in dry condition. For artificial rocks, such as concrete (A,
M Y)), terrazzo (A,), gravel-concrete (Y,), perlite-concrete
(Y,) and mortar (Y,), the measurements were conducted in
28-day specimens. The thermal conductivity, the thermal
diffusivity and effusivity and the thermal inertia of natural
wood models (A, A, A, and Y,) were defined for a direction
perpendicular to their fibres.

The density was defined after accurate measurement
of the volume and the weight of the prismatic specimens.
(tables 3,4 and figs. 1,2)

The thermal conductivity (tables 3,4 and figs. 3,4) and
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the volumetric heat capacity were measured with the use of a
specific portable device, the “CT METRE”. The method used
is dynamic, rapid and accurate. The measuring time does not
exceed 500 s and the accuracy of the results, after repetition, is of
a magnitude of + 2%. The method’s basic principle is based on
the conduction of heat to the module with the aid of appropriate
sensors connected to the device and the measurement of the
rate of increase and decrease of the module’s temperature. The
sensors are connected to thermocouples, which provide the
device with constant temperature measurements. The sensors
have different shapes (rod, ring or frame) and are either inserted
into the module or placed in direct contact with its surface.
For every measurement, the selection of a predefined program
and the definition of an appropriate number of parameters
concerning the material’s thermal conductivity and the shape of
the sensor are required.

From the values of density, volumetric heat capacity
and thermal conductivity, the specific heat (eq. 3.1), the
effusivity (eq. 1.1) and the thermal diffusivity (eq. 1.2),
were calculated. The results of the measurements and the
calculations are recorded in tables 3 and 4 and depicted in
the form of clustered column charts in figs. 5,7,9 and 6,8,10
for the floors and substrates, respectively.

Subsequently, the thermal effusivity of the floors under
examination was defined using the following method. First,
the number of layers n+1 that constitute the floor is defined,
where n=1,2,... For the floor, n=1. Secondly, the thermal
effusivity of each layer, n, is calculated from eq. (3.2). Then,
the thermal effusivity of each substrate, n, under the influence
of the one that is placed directly above it, n+1, (heat transfer
from n to n+1) from eq. (3.3), which consecutively leads to the
calculation of the thermal effusivity B, or B, of the uppermost
layer (floor). The coefficient K ., expresses the influence of
the layer n+1 on n and depends on the b_, /b, ratio and on the
Fourier time meter, N, , of the layer n (eq. 3.4).

Finally, the thermal behaviour of six floor-substrate
configurations, T, to T,, was studied (see. fig.12). These
correspond to six characterisations of thermal sensation,
which range from “very hot” to “very cold” (Table 5). For
these floor configurations, the values of thermal effusivity
and thermal inertia were defined as described above and
from eq. (3.5), (3.6) and (3.7), respectively. The results of the
calculations are recorded in Table 3. Finally, the instant drop
of the surface temperature of the “artificial foot” during the
contact with the flooring materials of Table 3 and the floor-
substrate configurations T, - T of fig. 12 was calculated. The
data concerning these experimental measurements (“artificial
foot” parameters and results for different floor temperatures)
are recorded in Tables 7 and 8.

3. EXPERIMENTAL RESULTS

The density values of the flooring and substrate materials
under examination present a great variety (tables 3,4 and

figs. 1,2), ranging from 34 Kg/m® (extruded polystyrene)
to 2700 Kg/m* (white marble). The thermal conductivity
values are in most cases lower than 1.0 W/m.K, apart from
concrete, terrazzo and ceramic tiles, which have values
between 1.0-2.0 W/m.K, and marble with a value of nearly
3.0 W/m.K. As a result, most of the materials behave and
can be characterised as thermal insulation materials (tables
3,4 and figs. 3,4). In figure 13, the correlation between the
thermal conductivity and the density of the tested materials
is given. From the form of the curve, the great influence of
the density on the thermal conductivity can be deduced.

From tables 3,4 and figures 5,6, it can be seen that the
specific heat of nearly all the examined materials ranges
between 2.00x10" - 5.3010" W.h/Kg.K, with the exception
of the perlite-concrete, which has an even higher value.

In the diagrams of figures 14 and 15, the variation of
the specific heat with density and thermal conductivity,
respectively, is shown. It can be seen that the specific heat
greatly decreases with the increase of density (fig. 14). The
effect of the thermal conductivity on the specific heat is
similar and more pronounced (fig. 15).

The values of thermal diffusivity of the materials under
consideration range between 0.10 - 1.19 x 10 m?/s, with the
lowest value being that of the rubber floor (0.10%10-° W/m.K)
and the highest that of marble (1.19x10-° W/m.K) (tables 3,4
and figs. 7,8). The correlation between thermal diffusivity
and specific heat is depicted in figure 16, from which it can
be seen that these properties are inversely proportional.

In most of the materials, the value of thermal effusivity
is lower than 900 W.s"?/m?K. Conventional materials, such
as concrete, terrazzo, marble, ceramic tiles, etc., present high
values, while in the case of natural wood, the values are
low and around 400 W.s"?/m’K. The lowest value is that of
extruded polystyrene, which is equal to 38 W.s"2/m?K.

The variation of the thermal effusivity with thermal
conductivity and specific heat is presented graphically
in figures 17 and 18, respectively. From the curve of the
diagram of figure 17, it can be seen that thermal effusivity is
proportional to thermal conductivity, while the curve of the
diagram of figure 18 shows that it is inversely proportional
to specific heat, with its value decreasing as the values of
specific heat increase.

The results of the measurements of the thermal effusivity
under the influence of different substrates are presented for
the six floor configurations under investigation in figure
19. These values, combined with the categories of thermal
sensation presented in table 5, result in the characterisation
of the floors in terms of thermal behaviour (fig. 12).

The thermal inertia values of the floor configurations are
depicted in figure 20 and present large differences. Similar
differences are observed between the respective values of
the flooring materials (Table 6). From the data of table 6 and
figure 20, it can be seen that the difference in the thermal
inertia values between the different floor configurations
T,T,T,T,T, and T, and the flooring materials is a direct
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result of the effect of the substrate on the uppermost layer.

The instant surface temperature drop of the “artificial
foot” during its contact with the floor is given in tables 7 and
8. For an “artificial foot” temperature of 36.5°C and a floor
temperature of 5°C, the instant drop was between 0.1 and
2.2°C for the floors of table 3 and between 0.1 and 2°C for
the six floor configurations of figure 12.

In the diagrams of figures 21 and 22, the relationship
between the drop of the instant temperature of the “artificial
foot” and the initial floor temperature is depicted. The
drop is linear and decreases with the increase of the initial
floor temperature. Finally, in the diagram of figure 23, the
results of the study of the thermal behaviour of the floor
configurations of figure 12, as well as their categorisation
according to the induced thermal sensation of heat or cold,
are depicted

4. CONCLUSIONS

From the analysis of the results of the study, it can
be deduced that all the materials present varying thermal
properties due to their different compositions. The thermal
conductivity increases with the increase of the density. The
specific heat decreases with the increase of the thermal
conductivity and the density. The effect of the thermal
conductivity on the specific heat is more pronounced than
that of the density.

Of the materials under investigation, marble presents the
highest values of thermal diffusivity (1.2x10° m?%s), whereas
PVC, compacted cork and the cork-rubber mixture have the
lowest (0.1x10¢ m%s). In general, the thermal diffusivity
decreases with the increase of the specific heat. The thermal
effusivity is proportional to the thermal conductivity.
The values of thermal effusivity for the materials under
examination presented a vast range (from 38 W.s"?/m’*K for
extruded polystyrene up to 2655 W.s2/m?K for white Pentelis
marble), whereas in all the different types of cork and carpet,
they were particularly low. From the experimental results,
the inverse relationship that exists between the thermal
effusivity and the specific heat can be discerned.

The different thermal properties of the materials result

in their different thermal behaviour in the construction. In
flooring materials in particular, the thermal behaviour is
largely defined by the thermal effusivity. The results show that
the characterisation of the floors depending on the sensation
of heat or cold is mostly defined by the thermal effusivity of
the uppermost layer. In the case of single-layered floors this
is the value of the material that forms them. In interior space,
with multi-layered floors, the values of thermal effusivity of
the uppermost layer are influenced by the respective values
of the underlying layers and the Fourier time meter. The
results of the experimental tests for six composite (multi-
layered) floors show that the thermal effusivity of the upper
layer is positively or negatively influenced according to
the thermal behaviour of the substrates, namely the one
directly underneath. In composite floors, where the material
of the upper layer has a higher effusivity than its substrate
(e.g. marble with mortar substrate, ceramic tiles on gravel-
concrete and beech on compacted cork), the effusivity of
the upper layer is decreased. The contrary occurs when a
flooring material of low effusivity is placed on a substrate
of high effusivity, as is the case in a rubber or cork floor
on a terrazzo substrate, where the upper layer’s effusivity is
increased.

Similar conclusions can be drawn concerning the thermal
inertia of the floors. The thermal inertia of the upper layer is
altered under the influence of the substrates. Nevertheless,
in this case, no clear relationship was found concerning
the increase or the decrease of the floor’s thermal inertia
depending on the different materials.

Concerning the instant temperature drop of the “artificial
foot” on its contact with a simple or composite floor, the
conclusion that can be drawn is that in all the cases, the
thermal effusivity of the floor is increased. Furthermore, the
instant temperature drop of the floor is decreased.

From all the aforementioned data, the definitive role of
the substrates on the thermal behaviour of composite floors,
and especially of the layer directly beneath the final layer,
can be seen. The general conclusion is that the thermal
behaviour of the floor is greatly improved by the use of a
substrate with a low thermal effusivity value. In contrast, a
flooring material with good thermal characteristics can be
judged as “cool” or “cold” as a result of a substrate with high
thermal effusivity values.
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