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Synopsi., In this paper, numerical prediction 

methods and examples on thermal environment in 

a heated room with lloor panel heatini< nre presented 

for cases of steady state condition and periodical! ~· 

steady state condition. 

For the case of steady state condition, distributed 

variables like air ve!ocicy, air temperature, surface 

temperature, mean radiant temperature, vector radi· 

ant temperature and thermal comfort indeces (P)I('.' 

and SET* ) are predicted combining calculacion 

methods for air velocity of the two equation turbu· 

Jenee model and radiation exchange on wall surfaces. 

For the case of the periodically steady state 

condition, supposing perfect :nixing of room air, 

time dependent variables like air temperature, mean 

radiant temperature, thermal comfort indeces, floor 

surface temperature and heat Rux from heated floor 

are predicted using a backward implicit differential 

scheme. Three types of heating systems, i.e., electric 

floor panel heating, hot water floor panel heating 

and forced convective heating are compared to 

illustrate the characteristics of the heating systems. 
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.tt'"'-C~t;'iiEfr:':;:?.t..: 1J 1l'E". ;.__,-c;;.;9, xt/Jft~F-:ii¥ 

:Z. i!!~-t 0 c, 432/ (32.5-23.0) / (S.6 x 4.0 J = 2.0 kcal1 

m" h"C t :-..: -- -:: L ~? 0 iur~ . .::. 0) .l: ?t..:-U'.1i?.\:0)1-j" 

iifl:?.Mi:~:f:::. 4 kcal/m'·h·'C ~/Jf!:: ch 0 IT) 0) ;:, 

i.fi'ift:ff;;;~:ry- ~ '1:.:,Jfil!i E .rt-::~· ;;i .: t 1::.t.: -o, .::. .J)Jij{ 

!l1:!, iiiii!t l:".:.:: -5 :.:, iliErA;O);t~)::.:t-;:-;-.ot~Jl.~f-t 

:_ :~ < ::;·ut:;1•:,~•").:f-:.l'B\;1J ~ ;::..:iJ r.i c ~(~ E .r... .: J)~t 
ft.J1JO)'f'·t-:;J':: 7,: ?.-t b 0) !:: ~;t ;:,.Tt.0o :i,, L. ;tt~fL?t 

:: '- ~!;J;.:.;;-Hm :=- i~ r .. =:. ~ia <: flil~WJ.::.J:i&O)~r :lli?cH~: 
;;. 'J i¥ii < :"..: '·', ~'.!/;_y_7Jiii~ (, J:fl. L. PMV :.: :~;~'"op 

3. }!j1Jl)t~O)~!lilO)f.;,1tlj 

.3.1 !t 1$: § # 
~wi-.-: r~·.,,. -r ,~ -::·::. 1. O)~{!j:;::.i'm~ "(' ¥r'9~~0) 

1Ci:~ t <:r.1!Wf-'*!i!IU) :Z. !ti%:!..... ~ii t :~\!£.: !-F* c 
~ -:-..: -t: ;·')i~:lif~,,j i!. 5-8, 11-13, 15-21IJ;f1) ra1.?:::~ 

~O) -~)~l7E'ffi:lk!i.l\'i':ITl'./E-tr.i, 1~~iMLf!, )jijj&O).J:? ;:::. 

~;:. 0°C !:: l. ~'§c5f.TO)~~;!. ~P"i7'~'A!'a.~1::.;tt 

-tr.i~~--~~~.h.~.h.0.7,'.:0.4tL-cmg-r~o 

'.i'E~~ 7' h'"('}!~\t U;;.IJ•.., t.:~~@Jfi:c ~fl~'@:· 

.z. 0.1 @.],h, 4.5 kcal/m"°C c-t~~ ~ r.:. '.lE'.~_,,.7,v 

·c::. *;Blc L-CJ1[.ft~O)H1J.il•i?Jllli lt.:~r"l!M~iiii 
1-t~~e~~.z.~~cl-c. ~~~~c~m~~~c• 

'.iE-t ;;i ~ 
3. 2 l!im:/l~<7.H:7'1t.{!: 

~~~~tl-C~. OOtt~~~~i~-~~1*~~ 

~*~T=~~1*1ll~ ~iry~~~~~l~~-~­
lllBJ:Z.--:i ~I/) 1 ? 1:. ~ 7' 1vft l. ~Uill;!fr..1c:Ft::.~(:t~4' 

Jil:IO) P~!V n;, 0.1 ~~~ 0 c OFF, -0.l .;: I) T 7'; 7-> 

c ON c :";; ~ 1 5 :".dli!.iiit'ditHilM;t.::; .h. ~ ~ 0) c -t '->o 
c1) ·ii~~w::!im 

ll!ll-11 ;:::.:if--t.;:? ;:., tRf±J:(f€i1&:0)T;:.ffiittJe~U; 
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\!";&:It, +:I/) FL!., !Vi?.-'!H. -:i '/ IJ 9 - ~ ;<, 7 7 ' . ~T 

~r.:1t-t6 .. , 11!!1:. b ~Hi'7)U: fi'!iliX:t.i: ·is·:~ ::i.n.. ~tf!J).Jl, 

~t.i'·61>6n·., :'1)1J11:-:.. 1e~0)~1lln;ltf.Qct-Jjjjf< 8f.tii1ii 
1::.~.tt;;>-t•.- :t 1 7"-::·;ii; ~; )€1.!!1:.-E~:";. 1, 0) c 14, ;[ 

"'WiliiWil'Jt: I) 200 kcal , m"h(Z.Ar 6 l-4-4 kcal/h, ~;ill 

ii'ii.f>'l ;t; t..: ') 27·1 kcal. m' · h1 ?;- ON-OFF -t 0 .: !: !: -t 
~o 

(2) fl!;[;~ ;.t:U~~l1 I;} 

~-11 ~::if:T,;: ·) t~~t~Cr~="~:~=.,J: 6i,K~.f: 1JJ'~ * ,._, ~' 
tfril7j(f[J~-~~-:i:t~l;K·~:~~W 'J"'""/ '~~ L\. ·ila*'~l.:: L-:0:: .r: T1J~C, 
L. 1,Ritt})i1i1i .,i-:IJ)-;.<:-=ci1,'.:: ;1:i:Jr ~ ;.:;'n.::.. ~ ;:_,-, i.:::; 

*O)iaTJl: z ao·c c L. ;:;cu.::~ I. min ~ON-OFF -t <:, ~, 

0) t -t ~~ lli rJ !!nllf;:::.. f!d;t::•r.0);1'J<Jtl.:_![:'.;' 0 ffel:l"E :.... '..S. 

7]C:~l/)mil_1'.lti!.A a · Ll:l D ~ill'.1)-'jL!';:J(i!I !: -t- ~o ~Ef:ii'·Ji 

I·!, i\.O · lli L:I ifnl/!t~. ilit1L }.; .t l°J~·· .. f~fd.tt?A~-!l! '__:. ~ 
Jl'1E-t 0o 

•*~~~~Kh~-~~~0.::?~~~K~ .:~ 

,;. ?t.ciJif!;!;i '·nrtJ§-r:a;~ .~ -.. ai>.']f~ 7 7-;· .. ::,:< :".:.n. ::.. 

2 !X5C~~ifiE.~ ·1:. t.:. !i!l~tii:H'.Z'.Jl-t ~ o .: ->~-:J"4i;:., 

~~lt!!~t.:.::·1/)7, '/nc~I ::.~~-tr.i 0•>= .: r;:; 7 1 / 

:lh*I!. ,%·J)ili\'fii.~1'-1't.: 2:-::: !, '/l;t.: i). !"R~ -~'<.* <I 

-t.t5~. ~*~T@0~~~~~•tt•~~~$-:~ 

rr l, 7 1 :.-xh~'i:"Jllli U.: !: :: ;:,, J:iti ~ !: Tlcl §"1) 

~jjj[l::.ft L "':~;ft..;: .ft 0.5 c 0.8 ~ll: c t;. .., t.: 0 :: 8 

7 -f '/~b~:- :.. IE':ttt:l~::.t;t-J""~ ~ OJ-c, ~?¥1fi~;:.~ 

~AtJ:¢b)~ L.ri..:-,: 1
4 ,n;, :. :. "('ftC: iJ ~;t f7 -f /;(t 

•.z.-~~~1)cL-::#'.lE~tt•c•~~~=tci" 

~" -tt.::n~. t!ii*~'Wi"t,:::,0 :faJ$1::..t~BR~oo:t.;.;:::,·: 

~T~-~O)~~~. ~*~'i:"~~l~-~~~~K~ 

.i1.-:'.tt 0.5 ~;;. G" 0.8 z°* ~-: :i'.iEi" ~ o 

~~~l/)~{li::.a.. lliBJ~ks t c. b 1::.~~:i:n;-:iE;·:. 

t,;: ~ c ;l:f ;t.. l?.Tt1.> ti;, •*~rf)~~l/)~~.t:!~"!f,'ml!ll 

l/)~~~~#i"00)~ -=~.;:5~~~~~~1,.,-c~ 

r;:;~MRM~•··~~lliL. ~tt~~~L.t5C.i"1.> 
:n:t-c· Ji> 00 

(3) ~lfi!J;tt;Jftiii~ 

J:~O)~~Scl/)~~I/)~~~. ~~~-1/)··~~ 

===-- -:---. , c8mm 
_,_..._...,..,.....,....- fr ~ l '.? mm ? X:. --,1/r "· it 50 mm 

, At .t :f fr Iii 8 mm 
======~:ti Jl; ~ ~ 
;.C')('•A?v''F !1!! ~- tli 12 mm 

-~--~ -~ H 50 mm 

-=;... 7 i - ~ l5ll mm 
/' 

- :i;,. 7 'I - ~ loll mm 
,/ / 
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- 1 -------------' 
: ~~ ~· .4\;~ lO 

h · ;:,.'..J~.t J,j~ 1~i ' C~ 

J;61. ·:.:.~t;;L'ifil.0)!58!.l::..t --:i-C, ·~f;l!!l~f;R~Ji:U'J1)~~:!1ic 

[fi] L o lH kcal / h C:i.!t""i:;Rllii f~ j; t..: ') 200 kcal, m; · h) ~ 

fE:r4~:':i.i.i.: ON-OFF ·cr.:.t.A--f 0 J: '5 fi. ~;~IJ)';J;J[i!l~ ~ 

:tP. '.it i" Q ~ 

~:::0'1)~;i.w~~-c:.. BR~!l: %::.Jt""-C' AiAE -z&t~'1) 
71- -rrr:: ·;* ~ < tt. -o -n;, .:. .:. "(·::.3¥:i: iJtil"~w'.iE v·n, r.i 
0) "C-. Ii~.";l~td:" "C~i1::J~'A;'; -+7J·t.i, < 1-:.t<~ C3tr#) ~ h 

-n ·o.;:? t.::tkiR~t:i.'.iEL-C1.·o:. c~:::t.:~~ 

P.YIV ;';; O(q:i:i'.£:.) c i'"f..o~f.;-0) ~*61.!1iffi: 11!, }~ ,-.,:: 8Rffiifi 
<i:Jt..: ;) 84.3 kcal/m~ · h(2590 kcal,h) -C~ --:i -:~, *f91]0) 

iej~:~ ~;.:.t;J l -C, 150, 175, 200 kcal / m~ · h O)~if i:::-? 

\...-C~tJiZ-Lt..:c .::.0, 200 kcal ,'m2 ·h(614-! kcal/ h)'1) 

~iJ-0) T~IJ#ie97.i; 1 !li!fiei~IJ[(:: :";:..., f..:O) "(·, 1Jt~:P:,!5Ri!l 

m;:. "? ~ .-c ~ :. 0) JE!.!l.1:0)~-E-::.-:>1., , -c w11~--r o nvt"(· 
ii; o: t\fi.7KiJi~O) J... P ~~ :1:, 60, 70, 80°C O)~if ;::. "'=' \,' 

-ot Ji L t..:7.i;, 60°C ·r:-;. PMV ;J; 0 t)..t.1::. ti. ~ t::. \.., '1) 

-c. a t:i'.:!:.J:. ~ O)j!1,, 80°C O)~ifr:::-:>1,,-Cf7il~T~o 

3. 3 a-+•;; ;1 
UJ:.O)J::?~~#~~L-C, UTO)J:5~tt•~~­

.7,..ifn~. @-13 0)1.iiE.-n®r.::.~i" J:: 5 t..:=Fl111f "C·~isi~0'­

iaii:fii-Z- 0.02 ~ie'lc L.""Z:JIJWJ'.@';t;::.::er.i ~ ·c~liUtlJ ~ 

rr? o 

~'A\]i'.!, -ftfijj~j\:? 0)%j'ifiE!.!\_ft c ~~~.:7-o J:: (".,'(*~ 

t.: c 0) ~'@:-;:"-0)~~~ c O)JlX. ;Z: (~mtJX'fVfEi!ltiJ "(·It~ 

*ft~I: ~non r.i )-/J' ~ t;. o ir&77-1H~JX; ~. t&J!~.7J- -c jl[ 
~L-C, oo~ft@~~!:-~~MO)~•mO)~acL-C 

~i"o 

c2) ~p;i~fiiim~ 

-ftmD~O)~r'9:tHmtful.1!£::::.. ;E·,t· ~ 7 ,~ . c ~ n-::::. -*mi 
~cO)~Afrt~. ~~~cO)n~~.t0fil~~~~~'1) 

Jl5l:Z.-j·01E~ .noo JilMn'"1t. 1Jfii$0),;: ·)t.:~~'1f}ftl-C 

rfri ~ :tz llii t£. m'. '1) til ~ e: t.: IJ • ~t w n'" : 1. mm:».\ ~ :.! 4i -r 

I"" 1 ·111 " • ,_ • · .. • ··'>I ' J .._; l:fll ~:• I\,, 1111\ • I LI I \ • 

~ 
~ "·'•;lJFF j l' 

'\11 • 

.. :,, 1'; 1,1: ':. o1 •• ··! '. ~ : · !'\I,. 
;; t :; ~ET~ .... , 1 !'< ~ 

YE:' , 

~ 
~ 

' ( E'\D ) 

~l-13 "";£·!11·-"' _c;- ., J)]rrJ:-'F zr 

I 
i 
I ., 

~O-o c L -Cl, o 0)-C. Effi~t{!riiiW!Z !: ~~.~1:;i*J~ c .\:. 
6, 

(3) ~~'~!i!\f:EiJl; 

~00=0)~~-~~~~·~~k~~~~. -~~~ 

~•O)•~~:JJ~~z-=~~~-~~u~-~$!:~~ 

~75-$-C·jl['.~T Q ~ 1 >-:n~ 3 m:-ttfilfi-7iJJl;'S TDYIA(Tri 

Diagonal Matrix Argorithm) z- ;@ffl-;- 6 :'.::, -frn'"n'2. 
O)~Ji'.\t-a;!fAM'O)~~>S:.-~~ c -t.n;;:, ~jjt\fi.OC !: ~ 

~tlft.::O .t r,.-:j'~~tlft. ~ t:; !.f~'£~J)t*Jri: (: l-:: ~ ~ .n Q 0 

1~~~~t?JT1J.O) ~ 0):::: L-. r~~ilffi.rt1lffi.~~~:1iJ-z-m \, ,,n 
~ ~~mO)~•C:L.-Cft~oo ~~. SOO~O)~-~ 

t1Elt, ~ffii~~ c ~-7t!IJ.'2. c O)m}!!.::. 5 ~j. GJj:'.Zf:'.-C· 

~60)~. Soo~~c~~~O)~•c~r.i, 

t)..t., (1) ~ (3) O)'.i£;;:;1t;:: J:: 1)' ~'Atlft. (:: ~ffij~O)~ 

oom~~*:mtt !: i" o ~lr.-~:/J~~ ;;; ~ex~ h o 0) 

"(·, LU 71-~c~fflc <:IB:tliu~;:.~~<-:. c-tJ~--r· @' 60 .:. 

0) J: 'j ~r. l,-C, ff!fiei;:. 7"' 7' :_: ~ 0)-j"""-CO);f;:;fil~j;Jllili 

cxlJtH~.no~ 

(4) mtt:tzlli~ 

PMV c SET* 1-;, **· 5E';t:tkJi..§;:.;tti" ~ ~ 0) "(· ~ 

r.i n~. 31"~-;t,'tfili;:.:t-t--f r.i iil/n ;;.::;m ~-tJ~!itl!: ~.ti ·n, t.: 
l ,O) "(·, ~IJ#:IEH,~ ~~ L -C, %0;!ffa'l .r- 7 .,, :7:.: c :·:., 

M~O)~~~~~O)~hc~~~-tHL. ~~~~~~ 

Lt.;(@: ~tt~ff~U:: v:: .1¥flili-t ~ .: c ::. i" o c 
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•:.... 

p:·-, ----'--::ti-----;1;1l-"""--'---,1;t-~-'-' _.,'--L..-, _._, _...--:t/A 
UHi 

:·:-, ----'--+.j-'''----,.;.1':.-'-----:1=x---'----:i:!4 
1/Hll 

.!'- _______ ...;.,..._. ______ ____,; 
,, 6 12 6 ~~ 

J~~I 

3. 4 WJUa* c!:: ~ft 

(1) ~ ~ ~ 

~-14 i::., 3 ftl1)1!£S:/J~~1H::.~~Ufi,11) 24 lli¥raiml~'.iE 

~~~~~~-fo~-~~-S"C~. ~E~~-llli¥~ 

ti\!.C'.-:' ON-OFF 1li!Jjjl:IJl1)~~j;@:mffl.tL, 27°C Jiij-11)~ 

l.·t:A,!lct.:;;io BRB£m·c;:., ON-OFF1li!J(;illl1)~~1.l;BR 

'. i:J::f"f:t~ji L "( rai~1¥:H::.ffl.;h, ~ 11) -c·~~~l1)~!!1Jlt~ 
"? ~' c tt.. iJ , 23°C 1;,J, T 11)f~ ~, 7.K!.11! c t.c r.i o ~7.K~BRilf 

.'j}c:>;~ 5 1.i;11t~~BRl!lm .J: iJ J:UiMk51!i¥l·::.*~.i:l.l;~~, 

Cl)"\'..', l--2°C ~ < t.c-? "( ~, ;;i 0 

(~) :qz~*M~ff! 

~-15 1::., 1Z-.ltJ*MiS.f:£11)~ji; ( liJ~Ut 11) fcSl±:~:iJZY>J) 
'i- 0~-Jo ~~..!: vt~~::.. tRil!S"C f! ON-OFF 1\ilJ/i!U 11) ~ 
~t;@:~i¥J~::.:m.n. 2s·c Jitriitl1)~~ ,7.K$t t1:. Qo iM111ilJ~ 

~'ff::atH"CI'!, ON-OFF 11)~J'!itNait~i¥J-C·~.il.J l.l; ~ ~ l.l• 

c :".,: IJ • 21 °C ].:.). T 11) f~ ~ '* $ t t.c ~ 0 

(3) ~(p~fti~ 

~-16,171::., PMV c!::: SET* 11)~$1J(~~(itl1)fcS(±:JEX 

·F;'.;;J Z':ir,-f 0 PMV I!, ::0.1 11)\ll(!itllt.: ifiiJOilI ~.ft. Q 1! T 
-C .7:: ~ n:, ~?tat~ 11) ff.¥ra1fa1rn\ (0.02~rai)11) t~ Y'J i::., 

~ '.J,":t- - , : ·/ ,. - r ~ 7 :/ "",,.. '"' - r l.l; .1:. t: "C ~ , Q o 

SET* "('I'!., 5$till%J'rifEfl;11;m;1; 2°C ff t"llf < :".:,., "( ~ ';~>l'J;, 
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.::::~4 
·. ~- ::::; 

~ :: ·- :.; 

~=-2 

~ 

l ?-_, 

!) l~ 

l.'1 ' · 
~l-19 ~ !;t ~jj ;'J• ~ '§. ~,..,, .i) ~ii[ 1) 'Jri!J 

:.tL1t=--?11)~ft:f3fgi~"(- , ~~--?Ci!) · ~i;Ti: · :ztr:-~ 

.rcQo 

~rail1) 3f:lllm~ 1.:. :::., ~'A~ · :>JZY>JmM~m: ·SET* 

c 1b ~::. 1°C, PMV -c· 0.2 ~Jj'.. ~ililmV1E~Ml1)1~? l.l~* 

aimJ: 1>iii< t.:-:i"C~'-:io .:..n:;., ~m1mt1Ell£m5;!fl1)~ 

:~Uiil.l>~ <. ~P'J~~i:l1)~~:;:n'5Rlii5J .J: iJ *~~ ,t~ 

d)c.~ntL~o 

(4) BR~WiiNV.l 

~-18 ;::., BR!llSl1)5R~iiil~gl1)~.!JJCBRilimmi7J"l1):iJZ 

ft]) ~:if- -fa il£Y}~ I!, ~~~ ~ ~lt~ ~ 30-...-!5'C c 

L. lt!M!iNft.)j'.l::. .J: Q f~~-\"'~t c (:kt~)~~ :t QC. t'Q:~~-c­

-f ~~Qo 
BR~[!IJ~rif ~ t.:ilt);::., J.:.Jri7)~~j;,IZ·~C i".i::.:J? 0 

1) lllSAmZ- 1J'~ < -r;;i., 
2) ft!1£.Wiiiifl(~* §' < -r-r.i ~ 
3) ~Q)~ifu\.iiZ'~S)Q~ 

4) B£~jfil '1;!!i¥r .. 1 z-ffi: < -r;;, , 
5) 1ttt 11) 11£m11 ;t; c f!f m-;- Q ~ 
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6) PMV 17)7J'(i\fl~Tlf ::0., 

(5) lt@IHJ*l1'J"-17)~ii 

~-19 ;.:, ·~ri:1.!l:t:tRa~EJ c ~7.K:A.*~ffJl7)..i;)i; 17) 111.m: 
tRUiill, G'¥r,1;l"-l7)?.JlfJiEl7) '.froJW~id· o ~71\.J!'.: c ·m:;l!!:J!'.:-C· 

faltiWU: t.c 6 IJ'., llZ:JJjflllk6ili'f;::.:!, ~Jt(f\J);;;: '5 tJ;)IJ:. 

i'J 11: iili < t.c 6,, .:. n a., ~7.K A a 1£.m'. Ir ·tr;· ;::. 80°C c 15. 
'.IE V'C 1.,, ::0 t.: d:l -c·, :m_~ ;::. ; :::.. -f. 1 7 ~Ii;::. ~h1Ji1-J ~ tt, 

iEri.ll~Aaii\ri.ffi'.tJ~rn: 0, ~-1-t-1s ;.:~0.ri.r.i.;: 5 t.r.rr 
J:: 'J 17) l21! t ') c. 11' ~ < ;".;: :, -:· j_,..:::, j ~ 

(ffl.ufri:ti, 011) f,~*f'.17.%[ c J::.\£ J) <;Rffii1.!\iTiE 7J 1 B ?/c~(~ 

[kcal/d] :t, ~:;} !1);;. -j -:·Ji_, i"-:o 

lj '<li'.~:J:ZPRngm : 44510\fi::Ufi;:J,G17) ~~lll: 37 660) 

2; ~7.K~tRii1l:m : 45 s;o C:f.:rnb, s 17) ~:ll 38 120) 

3> ~gi~r,11xtrliEn&m : 41 660 

.:. !1) .J: ? t.: ~t ~*~ *11' 0 ~~~h¥17) .ttrz:J:-c· ~ 6 n:, 
rIJ:: 1J~f'ei1 - ~\!iiil'#fil · illiJ(.W/J;'::;;':..::C'l::.--:>1.,,"'(!l)*~t'ti 

t.:W~tFT t-~'~c.i~.hn 917)-C·. ~/it!l)~~ c Lt.:1, ·o 

7E~- ~ 7 1v-c·::.. Bf-Jfm'§~l7);Jrr:n~ .'.:: ~~1£W~l7)~ 

il"ifr:ffJ<l)=f/J!U!Y1J~;if;L.t-:b:, ~ :?:::.~N-f"@'~~C. L 

-C!.:-Jr!l) .J: 5 t.::~Elt.;:~~f Gr,Qo 

1) iin•l7)~t•i~: ~P~~-:··'im · fa.li1Y;tlE"B:i'"r.i 

.J:-s~ViEn•K~i'"~~~/J§~. ~w~u~~~ 

~~. -~-C~'.iE~-~tt•~. ••ff~F-. ~­
Jf.* ~ ~ ,...._ 17) j@j ffl 

2) azM•l7)§t}t;::;: B Afx;:>~!ID.EHtl7)§t~. *A:".: 

C."OJ!ll~~~~~i"-:H}iF-

3) &i~~rn~: ~~!Jll7)~f'i"is~5t;ffi. ~~!l!tli~. ~~ 

1E%"iffil.~~t.i:: c!l)Hlii!ii:E 
4) 'fiJllJ*5*17)~m_$: : = / '::.. =. - ? !7' 7 7 -I ')/ ? 

;<..·7-=-/.-:/3/·.t:=9"77-1 

JalWJ1E'lit~7'1vr::."'?1;,-C1t. 7t~iiir~f.&1EL, :%TVIE 

~~i.~F~'2:-~~e:-r ~.'2:1::.ra.rr.:-:~o n;, •m~P9~~ 
~17)~~~~~m.m/JJ!'.:17)~tt~i¥J~~'f·L~~~C. 

.:rurn L. m~-?~&m0J~'.Ut~&¥1ii!i1::.~rr-c r.i ~ e: ;?;~£ 
ct.i::::i ?~ ~ ~;::.1:.A-fflti:~~d)Qt-:201::.a .. ~iin(-\°~ 

~m~l7)~1tl7)fi~~. ~~M~"l7)~m~c-~£~c 

t,r:.;:._;, J 'J 

Ji\t&;;::, *!iii~~~~:?,~ U(m ~ .n t-: "}§:r-9f:rJ~fiJ111 •l") 

~:rt:El~m~~ .. j;-c· ~ :".:::i' ') t-:.:. e: ~~hc.,-:-r Q c. .!:: :bi.:, 

~~·;::. ~-tt-C I, >f-:t.!.l 't-::P < 17);Z:i1tl;l7)~·~;;::."i,'.~~tl7)Q':~ 
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Numerical Predictions of Thermal Environ­

ment in a Heated Room 

.\lasamitsu Kaizi.drr 

Shizuo Iwamoto"" 

Synopsis In thi~ paper. numel'ical prcdic 

methods and cxanipl~s rin thermal ~11\'ir<Jnment i1 

a heated mom with :hior panel heatin,;: arr! presente· 

for caseo qf ;tead,· ;tatc rnndition :inci ;ie:rir,dicall I 

steady state condition. 

For the case of ~t<!ady stat~ condition. rliotrihute 

\'ariables like air Yelocity, air ternper:iture . surfac 

temperature, mean 1·adiant temperature. •:ector rad 

l 
/' 

ant temperature and thermal comfort incieces ' P\l 

and SET*) are predicted combining calculatio 

methods [or air velocity of the two equation turb' ~ : 

Jenee model <ind radiation exchange on wail surface: 

For the case of the periodicall,· steady sta j 
condition. supposing perfect mixing oi room a ! 
time dependent variables like air temperau:re. mea 

radiant temperature. thermal comfort indeces, f\o 

surface temperature and heat flux from heated f\o 

are predicted using a backward implicit diiferenti 

scheme. Three types oi heating systems, i. e. , electr 

floor panel heating, hot water floor panel heatir 

and forced convecti\·e heating are compared · 

illustrate the characteristics oi the heating system· 
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L29 

:'.liumniral Prl'!lictions of Thermal f:n\'irnn­

ml'nt in a Heated Room 

.\lo~amit su Ka izLi!i a ~ 

:jhi zun I wamotn .. • 

~ynop!>iis In 1hi ... ;J:'IPL'r nomct•l::ti j>r<:<liction 

:nt:thnd:> :1nrl •.·xampi•: j o111 ~l1r.rmal i:n'. !l'"•nrr.cnt :n 

a ht':-Heci lf}IJm with 11<.<Jr jlaill:i healln).{ :J.:-r: prc:sentca 

for CJSts •U :itt:Jtly state (llndirinn .ln'I \1tri1,<licath 

3te:idr ::.Cate cnnditi'm . 

foor the C33e oi 3tear.~ :H:Hc t'.t>nc1itt41n i!bt;~huted 

·:Jriahlcs like air \'ei•>Citr . <iir tempet;it•:re ;;c rfilce 

rempcratl!:-~. mean ;ar!:ant t~mp~rarun:. -: t::t:~r:ir :-adi­

ant lem1kr;i.tt1rP. anti '.~ e?"mai comfort i:-:.t?L'•:e:s P\t\· 

and SET"" are prt:Cic-.~d combi11i111; cJicu!ation 

metho<ls ;·or air \-clocit:.· Ji the cwo eql!:n1rm :urhu· 

lence mo<ld J.nd radiation exchang-e 1)n ·.~·all :mrfaces . 

For the case 1,i ~t e pc~· io<licail~· :su:ady .::ratt 

conoit1on. iU?P05ilH{ ;Je!"~ect mixinl{ n'. mnm ::iir. 

time dependent \'ariabies :ikc air cempe:-:Ht:il! , :1;ean 

radiant temperarnre, t hermal comfort indeces. Morn• 

surface remperacure ar.d heat rtux from heated rtoor 

are predicted using J. hackward implicit dirferenciai 

scheme. Three types of he.:uin .ir srscems. i e .. electric 

ctoor panel heating, hoc watt:r ttoor par.el heating 

and forced con\·ecti\·e he.:itin~ are compared co 

illustrate the characteristics of the heating syHe~'i . 
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