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Calculation of required heat transfer coefficient for building envelope, in order
to achieve optimal thermal performance in floor heating systems
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ABSTRACT

A substantial portion of heat loss in buildings occurs through the exterior envelope. When the floor heating system is used in buildings with poor
thermal insulation, in order to provide the heating load, more heat flux must be entered through the floor. It would disrupt occupants' thermal
sensation or cause local thermal discomfort. So, thermal transmittance of the building envelope has significant effect on thermal comfort performance
of floor heating system. Hence, it is necessary to establish a thermal design criteria for the building envelope. In this research, according to the
standards of thermal comfort (i.e., ISO7730, ASHRAE 55) and by following Iran national building regulations (section 19), the required heat transfer
coefficient is calculated for the external envelope of buildings with floor heating system. Then, the functional method reported in section 19 of the
national building regulations has been developed for designing exterior envelope of buildings with radiant underfloor heating systems. Results
showed that, in residential buildings that the occupants are free to choose their favorite clothing, in order to use floor heating system, thermal
characteristics of the building envelope should be designed with stricter conditions. In adaptive clothing situation, the required heat transfer
coefficient of the exterior building envelope would be 20 — 30% smaller, depending on climatic conditions.

Keywords: Floor Heating, Thermal Comfort, Building Envelope, Functional Method

5 GileS lapia ) gl slod Ghle sl s, [2] o 1Sen
Sl zaw slod il sl slabally g winy e 1) 220l iole
® b s> sl mhaw gled 4 by o gl a wsls ;jlis oyl s S
Gilodae 4 [3] l)Ken 5 55 0)0s (s00e Jo @l (rizen 5 (225
a9 WSy ()9 Sow BTl Gale)S Slaptian (225 (o) p 5 SO0
L sl Jls lan sbos uizmen 5 &S mhw sles 45 wioww ) aoes oyl
il 3 T oSl sles alS b RS 31 by salols il
Jsl S 60% o ab &> JESl pge Ll bulid o .l e LialS
580kee byl @ [4] iSea 5 o ladllgs el oud )1 o)l

Please cite this article using:

donio -1
2 &35 Ay Bpae S50 sllae Sl Gtalel Il ol ISl
g 390 bt B Oyt ol 008 sl (Sl iale)S (lapianns
S5l GaleyS et saie) o ook Sliis 55U 0S8
2 ke Gyl b 4 [1] oSes 5 Sl ol o pl
aboro b (caale ) )l alox SIS 5l ale s 5 Giule S soailols
Wy a5 ool @ laglaiisley (Jddod ©j90 4 gl gloo @9 5
GS 3 Shes p glimas 3l GS Gl aY a ) culas g culies oS
5 v 285 ol i |y O sladlg) il (izmen oils walys o4

o 3Rl o3 € e 1 Alie o0l &1 £l (51

A.Omidvar, Calculation of required heat transfer coefficient for building envelope, in order to achieve optimal thermal performance in floor heating systems, Modares
Mechanical Engineering, Proceedings of the Second International Conference on Air-Conditioning, Heating and Cooling Installations, Vol. 16, No. 13, pp. 69-72, 2016 (in Persian

u"’)&)


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.11.8
https://mme.modares.ac.ir/article-15-1096-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1395.16.13.11.8 ]

Jl93ual paol

e G 3)Ses disg Joal s 43 (LS Hebiiods Pleidlw B diwgs S g e =)l pa JUiil o pad dpunlxe

(@1 slad 4 jslne) ()5 sl oz slass ;e (3) abal, o d b
Gl ols s9zg (2l Jlar Ko e &5 (U sl el Slaisee slas
Syzy sl Sl i o8 Calid s g el 2Ll e
travs ta ob anlss ad S 15 53 L iy el cnl e wil azils
o wtes &S mhe bogle gles 5 B Gl sles Sk ciia
5 ailiasl sl s sialyd e 5y Giall sl it glive s
Ssdsn iy LSle )l Glalul (gly Glise o 4w 7730 5l
9] (1s2)

Ol 5l 050 il bl s el (Erav) &S glos g
a S5l slsn slos analone (sl Lol wosiige et 1 Jgo I Loine
0375 5 potde Cusl p3Y 035 el a0 y50 (il gl oS (520
23S 955 8 4z 0,50 (PMV) )l Giall (IS (el aralne
[10] sl dslome B o5 & j50 4 S35 Jao sl (PMV)

PMV = (0.303e~0936M +0,028) x TL ©6)
Slge wm? e 3 % 53 ead 038 (Sl b lde TL oS
2 Jsere glocdled gl o canl 03 Splie 5 M alal, ol 5o
Sed e 48,5 L5 13 58.15 W2 L Ll SeSes slalias
TL=M—Hy — H, — Hy — H, )
Cansgy s 5Ol By (i bl jlead Gl ol > laie Hy
gl g0 drlixe (8) ably 3k 5l a5 o

H, = 0.00305[5733 — 6.99M — 1000P,] ®)
ool 45 el KPR oy J5Is dama ,o O i S5z LS P,
JB(9) abaly pp @ (Psar) bl jlas 5 (RH) s s, 51 o

Py, = RH % Pgy¢ 9
:aS
4030.183
Pgae = exp(16.6536 — ﬁ) (10)

Gl Cowgy g 5o Gye s 5l 26 5l olal Hy (7) alal, jo
bl s Sailie 25 5 o 5 CaaS ol K5 Jae ol 45

SlysiS 3 ml) (SN Sew @ axg LS Gl b S sleptan
IS ) lasle Sl o5 alys o a5 ol lis mbs sl 3,5
Caoglie 4 Connd S 31 olas! Conlus oS oo oolainl awlss slp
ol Ceeglie e ;0 10 s bl Vb oolatul 590 jluily, 5ol
BIETS TR R C PR EPRRVL SO JCIRV. S VI | R N JESo e BRI
Sitedae @ [B] hlSen 5 ez 0sdie gyl Sl Gilel Ll
5 dg) Sl cwglae Sl g a5l Gole e lapis (so0e
a5 ols UL““‘" @Lu RN )|J5 S O)50 s Q)S.Lo.c » |) u] Sy
S8les (55, » Wl Ay g Zolaa oo Gog ml Djge o
ools lias cpizmen ail anils s BB S5t G 5l Lialepe e
5 el ol S5l G lo s Glappiacs o ,Sloe 5 T Ce s 1 a8 w
5 il St 55, 2 00 plol Sliios 51 LIS 15,0 [6] e o
alyl asd8 JLu B0 b o 85 ol S wiiw o5 4 (2l igle y
g Gk ol Oil> Pl s BB e gl o

Shlagl o cwl J1E a5 Slaglasle 0 0,5 0 Oyge ol ()5
o gleisle ()5 diwg ST w0l colaiwl &S ol S e
(sl amals oYU o> sl co ) wsb duxs S Ll o
o el sl el Bl smlys T ol & oad o Sl b
A 35 slad o)ly &Sl bk st Sl W letle Sl
el b g 00ges Jie 1y Sl Sl Gtalel Silgs o yel ol 08,8
Sl pasis ogh o8 GGl AL (rdge ()l (BLEL Sl
S el @i b cwl s s gl Sl 1 plaisle > g,
oSl Laa> L b ol galss s Gadios (pl 50wl aseie g dly jlae
u‘y_c G b plasle Lol i 19 o )0 Ty Llgs o
@ e sbpletle () wvn ol are o)l Jil oy
Ol 5o ead sleiny Jle &dly o005 al)l &Sl b T slaptians
oS gbglesle gy ) 19 core 30 G5 by, o5 & las

Sl algs dawgi 1) 09 co solitul S 5l iole S e 5l Loy

H, = 0.42(M —58.1) (11)
ol i3 35k 5l G () Sl e H o OVl 9 ook )y Sile S -2
H; = M[0.017(5.867 — P,) + 0.0014(34 — t,)] (12) Loyl Jols l sediel iz plaisle &S 31 inle S slapinew 4o
hglraly 5 b Gkl oo o Sl S Ha w2aled 505 Lk 5y b 5l e 5 sstiee el Gl 5l Gululy S glas
. o3 sn Gl Jie (@) IS )l o onlple [7] 058 e g o1 Glrasl>
Hy = (5.7 + he)(34 — top) (1 50r) (13) ol 1y (BB 3l mohw plu g U3l lea) b1 slad 4 oud
% 18] 5505 et (1) e 3,5
he = max(2.385VV) 4  q=q +q (6]
top = 0.5(tq + tmrt) (15) Soob @ aiee Bien g il Syl o)l oSS 4 qe s Gy S
Clo cusp o3l Wl Syl @le Jlaie I 5l jekate (12) ala, o "y
A o Lelo ply o latisl Glss ol (sl conS al ke sl g, = 5,67 X 1078[(tfay + 273)* — (AUST + 273)*] @
oolaiwl 4y pile ol 3l aS (60 ls0 ;o Cawl ools lid Dladod (ogd oo 42 )T e = 2.13 |thaV _ ta|0.31(tfvav _ ta) 3)
» BB (3) bl 5l a5 caud 361 A1 sh slos 55 Lawsie AUST
7730 sl o lastinl o g_é)‘)’ Ol il zobw 1 Jgu> [8] o dnlos
Table 1 Thermal comfort levels in 1SO7730 standard AUST =t —d = 7 ’ 4
Logie slos ainy a3lo lp jlre e aeS 2ula] mhau Te “)
GS 6yl e s (PMV) il S y ol
29 0.2 A Z=5— ®)
29 -0.5 B out
31 -0.7 C
G390 5 G Sluwls 9 orbeds s Slalliyn (il paiS (re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wiae 70


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.11.8
https://mme.modares.ac.ir/article-15-1096-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1395.16.13.11.8 ]

Jl93usl puol

@I 3)Sles disg Joal ks 43 (LS Hebiiods Pleidlw B diwgs S g e =l JUil g pad Apunlxe

ol oY st ool @l sl b ale a5 1) pleassle
wwgy Gl oS cape 5 S 5l ead Jae Gl L G ik,
od ol (g, 4 (18) alaly ;o b3l cpl 05 )15, plessle ()5
sl

2 Gl olel sl 1S se b BLE PMV olie Jlael L
Slslie 5 28 L 15 b6 s é S¥olis asgaze J> 5 (6) ala,
0.15M/s L ol lss by e 5 ((Jgors oo cled) 1 met b ol
dlre oul @85 i s (ol sl 51 e b bl e sles
Olee Sl 95 sln Glgics Gialol g 2 53 ) Ise sles 10l walss
ged dlos (16 alal) iodes idg o (1 €lO) culi g o il g
ool 0001 2 Jgaz jo mlis
abaly s oo 3) B (1) SVole 102 Jgaz 50 70 b 5 I8l b
305 il S0 p 54, (18)

_ K—(5.67x1078)x(AUST+273)*
HR - ta—tout * Ab (19)

5 ddlate o8l 4 4z g5 L a5 col )5 b sles toyreakal, ol o

Gialol s 4 4z g LK 58a 25,5 (o0 (el olidlse (slaosls bl
4 Cl S34 oY W3S o0 e 3 Jgur il n laisyse )
2 Jgoz yo oad dplons polie g JSlr &y a9 L3 Jouzr 0 K polie
sl 000l Cesday (18) doles (g3l 00l a5 (3) b (1) ©¥olas 4o

gl 9oly e ye Ol JUl o ps TLUSET 0 aised lyieay
ol Sl eslenul Gl sl (2 Sl Sl i b plalad o Ly
lolas azals (sl ol5T 5 ek ol bl b g o fosti] lieee;
S ssboles el ond ) lnl Bl Slaelll b clits 25 )b
e ol S s ek ol ] o o wag e alisMe
258 w3 30 520 e ceslll Lot 4wy 2 ) aiag (s
gy dale>

(83575 9, 4xwgd) (6,5 domid 9 S —4
b s olb bilss laile Lo Sljie 19 done 4o
G35 gy 99 B )5 55l Bran )0 sradie jslaied ol
Sl oS G925 by Sy 1) 63,5 gy el osls )l (592
Olgse )l 35 dgame slup; by Lapletsle I (pols ganeg S

ilisee 5y Siabol Ll b eslie sids alone J515 glsn sloo 2 Jgur

Table 2 Calculated internal air temperatures, for different comfort
levels

(°C) Isn slos bl s
@S sles
(°E:§) ol ot Sl
29 24.14 22.35 A
29 22.86 21.28 B
31 21.94 20.57 C

diliee )l Gialel bylys b ceslite K o po polin3 Jaaor
Table 3 Values of K corresponding to different thermal comfort levels

Ole QL) B (hdgaome @b (e g Wi ol b G
- oo s & (16) ala 51 Iy o ciylo 1, dnome Loyl ol y ol
[11] &1
Iy = 1.868 — 0.047¢,, (16)

9 W8 Goys 53 el 0SSy Bl (GeSins 605 3590 0
el 5l oolitl ains ks |, 855 Lida 5 (el e wlolj] ol o
ey S5 4 i silaie abal,

5185 b sl a5 ol ol Sl slod Eipe (13) ala, 5o
it 420 2 I T e g e eslital i iale)S (glopia
slos oo (3eios ol ;5 [12] 390 4135 Jlas o J3Is (slsa sles
el 00 o g (glod 3 fiin az 0 15 Silie ysboay il s
toe = t, + 15 17)

S polie Jlael L o5 sl aseios (16) 1 (6) =¥olas yoye L
Asy50 Gyl bl e b Bl 5l el (a3l @l sl
wiile shpme sladario | (S (o5 pslas 4 a2 b 5 (6) a0
5 33 Sdglie 25 pelai (69,2 sl el g 19 (s Cugh; 5 I e
@ 2l lp 1) e sled cenlis Jlie (lgiee gl U Ble Gliee
(1) Laly; 55 laie ool (3l boojygl cosay Jlaisjge (olul Layl s
ool S (gles bawgte (o5 (aine 4 425 b eizen 5 (3)
s Gl e (1 sur elalp) s 0j5e ()l il
58 0ad dmlme 5yl LS ke 3g walyS dnnlxe L5 (1) abal, 34k
i 4 IS Gkl e o ol Gl ke atte Sl ol
aSeplales gyl alo,b byl ol 31 jo aSepl e 0,5 o)lg Lla5 840
b sles el 5 |y pleilo 5Lis ge ()12 b wlsioe &)1 Jlade ool
T gy Sl Iyt 4 By a5 el g2 B 5 ppe 45
dsle (Gl L0 G labaly cl @Y Gl pl ol (S (Ll
ol 005 )8 gleasle ()15 dwg (Sl JolS o ps g 0
b sl ol gy &l JEl oo leidle Jo &y 3ie 19 e
&S Fhge 5 wad JyS glalad lajlax L ol JEnl ggeze
Olg s olply il of 5 il az 0 Sl B s J3ls sl el
2 B s Gl bl sl sl s ol el
oed Ll @S 51 b )T pasw ol jo cul 8 a5 Slalesle
wosy slp e Ol JU o lae slite oy 0] Cussay
ge iy 55 (18) abasly o8 4 Gl a1, (215
Hy = (250) < 4 (19
Wl M a5 5 50 (5L e sl ) o Apalasly ol 5o
Saptans Gl 08kee b)) Caz 505 alal;, S (18) aka,
el @lies 2B glading b gboleasle o @S 5l ol S

Olisle il dwe & 0 Oyl JESI g o cpuni -3
S b ol ez lisise Oyl Sl beS slaaills 5
s pS B 0939 00,5 c0 Sl slad oly &S Al sl
Ol 3 (rdge (Sl (Sula)l sbul e Wl e & Ceal alge

ol el bl gl —as 55 8,lg Wl o el GS 5145 5l HLb aid ol ol uled
Gl Pl S~ oy ol (Blo)b o IS )l plel lulys slnl e 45 555k
488 54 497.12 A . . . ) . .
£l aS Jlgsw Lol vl W Sgdzre e (2SS oloul!
494.6 502.62 B T S o S e =
514 530.21 c Sl b dilg e L Sl jlo jlase cpl LT A cul cpl aily
71 3902 9 S Sluuwl 5 ¢ sabedygud Slallyn (il yaiS (yae9s wVlie dcgoze 13 o louis 16 ©)93 1395 Mo )3 Sl w e


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.11.8
https://mme.modares.ac.ir/article-15-1096-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-09-26 |

[ DOR: 20.1001.1.10275940.1395.16.13.11.8 ]

Jl93ual paol

e G 3)Ses disg Joal s 43 (LS Hebiiods Pleidlw B diwgs S g e =)l pa JUiil o pad dpunlxe

Lfll.e,.l a4 A& Siube 5 e 31 oolaiul el oad Cole, 19 corwo
b ol s ales pals oLl sl ) Syl iabe] Lals Wl ool
Gile)F s b 008 Cusl Sl I ()l dogy b Sl g
ol 2l by 5ypboly (b S i wille Kod spiasw b (&S
Jlas a5 00 5 o0 gasin Hp > Hy 51005 1zl o085 O)g0a
Ay 1A onid Soley 5519 Eore awgr ool slpaiy sleo luslil

Syl saze b a5l gl Skl Jlisle o
30 &S il S Glapian l colatul cye a5 cl SO 4 a3
S s 5 aloli] auilgs e ol Bl Loy ] jo a5 SeSa slagleisls
bylys a4 olows gz wnles bl |y 095wl ol So0g0e

Sgd aid F A > 5 SeS ao,0 30 B 20 b el byl 4y any

c&xlp -5

[1] L. Zhang, X. H. Liu, Y. Jiang, Simplified calculation for
cooling/heating capacity,surface temperature distribution of radiant
floor, Energy and Buildings, Vol. 55, pp. 397-404, 2012.

[2] X.Jin, X. Zhang, Y. Luo, A calculation method for the floor
surface temperature in radiant floor system, Energy and Buildings,
Vol. 42, pp. 1753-1758, 2010.

[3] D. Zhang, N. Cai, Z. Wang, Experimental and Numerical analysis
of lightweight radiant floor heating system, Energy and Buildings,
Vol. 61, pp. 260-266, 2013.

[4] A. R. Zolfagari, M. Maerefat, A. Omidvar, Evaluate the
performance of floor heating systems according to common
lifestyle in the Eastern countries, Sharif Mechanical Engineering
Journal, Vol. 27-3, No. 1, pp. 67-74, 2011.(In Persian _..,3)

[5] X. Jin, X, Zhang, Y. Luo, R. Cao, Numerical simulation of radiant
floor cooling system: The effects of thermal resistance of pipe and
water velocity on the performance, Building and Environment, Vol.
45, pp. 2545-2552, 2010.

[6] K. N. Rhee, K. W. Kim, A 50 years basic and applied research in
radiant heating and cooling systems for the built environment,
Building and Environment, Vol. 91 , pp. 166-190, 2015.

[7]1 M. Rahimi, A. Sabernaeemi, Experimental study of radiation and
free convection in an enclosure with a radiant ceiling heating
system, Energy and Buildings, Vol. 42, pp. 2077-2082, 2010.

[8] M. S. Shim, K. N. Rhee, S. R. Ryu, M. S. Yeo, K. W. Kim, Design
of radiant floor heating panel in view of floor surface temperatures,
Building and Environment, Vol. 92, pp. 559-577, 2015.

[9] ISO 7730-1994: Moderate thermal environments-Determination of
the PMV and PPD indices and specification of the conditions for
thermal comfort.

[10] M. Maerefat, A. Omidvar, Thermal Comfort, Calculations and
Design Considerations, pp. 77-80, Tehran: Yazda, 2013. (in
Persian _..,s)

[11] S. Heidari, S. Sharples, A comparative analysis of short-term and
long-term thermal comfort surveys in Iran, Energy and Buildings,
Vol. 34, pp.607-614, 2002.

[12] R. D. Watson, K. S. Chapman, Radiant Heating and Cooling
Handbook, pp.8.29-8.31, New-York: McGraw-Hill, 2001.

@ constant clo factor

m adaptive clo factor

-20 -18 -16 -14 -12 -10 8 6 -4 -2 O
Outdoor Temp ('C)
Fig. 1 Required heat transfer coefficient
5 2l ol o g0 0 S gl vy Sl se ol Jil g pe 1 g5

G azg b g dlie ol jo 0505 colatul baglessle sled sl e oo
099y 5o Sl ol aiBlo s, pl dswgl 4 (60,55 by, Comel>
G5yl Brae 10 pexadio (lie Blad 5l Gleisle 098 laml (50,58
O S (pl B gy 50 zyoie Jsoz 9 19 e 2wl bl y
oleile ()1 dwg lp oY Sil> GGl Giee e 905 o
55) jlre ke ST b o auglie 5 zyb &yl JEST gy dploma b
Shay bl g oo patin (39800 oasal @2 ye )l JUl oo
Jsl oo a5 00 5 b lasT 4 > 1> atng cunl p3Y (g0 S
Wil S sS @ e )l JUl eyl sl b o)l

card Al Sz ool 5 g0l5 S (slakal, gk ol
oly Wlgs so alasly oyl 51 oolazul (19 abal)) ol oas 4yl 4y S Limle S
RIS l.a:dl # &S obplisle 2B as a8 b ¢ln
@ sezme slolisle gly 00,5 o slorin sl (pa les 5 lsan
olelp LSS gz e Ol JESH oo Hlade (B ke )S e
gy bl o JLSG 5 (Hin) 0895 Come Joallygis o 70t bulgd
o 31000 ,5 aulne (19) alaly bl g (HR) alie oyl yo ooy slpiing
ogh s S b o Shb o lae glge 4 oyl aieS lade g ol
:)f‘.'.‘b C;)L,.c-d.g
H = min(Hy, Hg) (20)

& Slade 5l (Ha) ol ()l aing o)l Jll ey o S
ol 5l el e plasle o s sl 2SosS (H) ouss oozt
@S 5l iale S slapians 5 Ol oo LK e e A9 e g
Lyles ax )8 Jais 0 Glaizle o cHp < Hp < Hpyy 51 Ll oged oolail

G390 5 G Sluwls 9 orbeds s Slalliyn (il paiS (re9s wVlie ac goze 13 o jlaid 16 095 1395 e (e SuilSe wiae 72


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.11.8
https://mme.modares.ac.ir/article-15-1096-fa.html
http://www.tcpdf.org

