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An Equivalent Thermal Resistance Model to Calculate the Heat Transfer
of Radiant Floor Heating and Cooling Systems Using Shape Factor
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(1. School of Human Settlements and Civil Engineering, Xian Jiaotong Univ, Xi’an, Shaanxi 710049, China;
2. School of Municipal and Environmental Engineering, Harbin Institute of Technology , Harbin, Heilongjiang 150090, China)

Abstract: An equivalent thermal resistance model for the heat transfer calculation of radiant floor based
on shape factor was developed in this study. The proposed model was verified by numerical simulation,
and compared with the data from the universal single power function of ISO standard, the fin model in
ASHARE handbook, and the equivalent thermal resistance model in design handbook. The heat transfers

obtained by the numerical simulation disagreed significantly with the existing methods including the uni-
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versal single power function of ISO standard, the fin model in ASHARE handbook, and the equivalent
thermal resistance model in design handbook. The maximum error rates were 20.2 %, 30.4 %, and 22. 8
% , respectively, when the tube space ranges from 50 to 250 mm, the thickness of fill layer above pipe ran-
ges from 25 to 65 mm. and the average hot water temperature ranges from 25 to 45 ‘C. On the other hand,
the maximum difference of the heat transfer predictions between the proposed model and the simulation
software was less than 3%. When the tube space ranges from 50 to 200 mm, the thickness of fill layer a-
bove pipe ranges from 15 to 55 mm, and the average cold water temperature ranges from 10 to 20 C, the
maximum error rates of the heat transfer predictions between the numerical simulation and the existing
methods were 80.1 %, 17.7 %, and 16. 8 %. On the other hand, the heat transfer predicted by the pro-
posed model showed less than 2 % of difference from that of the numerical simulation.

Key words:radiant floor; heat transfer calculation; equivalent thermal resistance model; shape factor
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Fig. 2 Round pipe in the infinity plane
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Fig.4 Simplified two-dimension model of radiant floor
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Tab.1 Parameters of the radiant floor heating and cooling systems in ISO 11855

Ao, / Oco/ Aser/ Bser/ Ains/ Oins/ Acon/ Ocon/ D;/ D,/
(W e (mk=1)) mm (W (mk™ 1)) mm (W (mk™1)) mm (W« (mk=1)) mm mm mm
0.23 15 1.2 60 0. 04 30 2.1 180 17.7 20

N TR SO A 5 TR AR A 1 9 25 S B AR
T 55 RO AR AU T A R 2 i A v LV B T o R
PR RIS 45 R 04T 08 LE 20 BT 5 BT 5 23 ) 2R
B0 B A0S 53 S R TSO A o RE oA BT B A R
ASHRAE F- - i fly 7 52 784 B o g2 1 31 Mk 45 5k
FABEASE L TS A [ T 00 T 4 Al Al A AR

2.1 EHHBREREBHESERSSW
A1) A A T [ O 50 ~ 250 mm, i iV
Uit 1L 50 22 JE B AR AL JE L Ol 25 ~65 mm e #OK P
i &AL AL [ g 25~45 C I o AN [7] 6 S5 st A {4 12 1
PR AR TN AR IR AT RN SR 2~ 4 PR,
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R2 FAEEETEHMREREITELE R (d, =45 mm,, =35 C)
Tab.2 Calculation results of different heat transfer calculation models(d, =45 mm,t, =35 C)
M=50 mm M=150 mm M=250 mm
R S B R % R T SR 2 q/ e/ q/ e/ q/ e/
(W e+m2) % (Wem?) % (W em?) %
BB A AR 114.9 0.0 97.0 0.0 77.2 0.0
BETFIE AR P 55 R BEL A Y 116.0 —1.0 95.0 2.1 77.3 —0.2
ISO F A bR FUH 5 A5 A 121.4 —5.7 99. 1 —2.1 69.9 9.5
ASHRAE F i} 3 it [y} 455 8 120.0 —4.4 113.3 —16.8 100. 7 —30.4
i BT T Uk S 23 BEL A Y 88.7 22.8 83.0 14.5 76. 4 1.0
T e 5 S s BT A% i TR 45 R 5 B A AL T B 2 SR T B A X R 2
x3 FAEAHRELHREXREEE TEHMREREITELE R (M=150 mm,t,=35C)
Tab.3 Calculation results of different heat transfer calculation models(M=150 mm,t, =35 C)
dy =25 mm dy =45 mm dy =65 mm
A O HE R AL PR q/ e/ q/ e/ q/ e/
(Wem?) % (Wem?2) % (W+m?2) %
B A A Y 107. 1 0.0 97.0 0.0 88. 7 0.0
T IR AR B F S A BB Y 108. 4 —1.3 95.0 2.1 86.0 3.0
ISO 7 1 7% R F0 F A5 7Y 128.71 —20.2 102.01 —5.2 77.2 12.9
ASHRAE T} 3 1t fly J- 455 8 122.7 —14.5 113.3 —16.8 103.7 —16.9
i1 3 T 45 A A BELASE Y 95. 4 10.9 83.0 14.5 73.0 17.70
x4 FAEARKEHBETREGFMEERSITELE R (M=150 mm,d, =45 mm)
Tab.4 Calculation results of different heat transfer calculation models(M=150 mm,d, =45 mm)
te=25 C te=235 C te=45 C
A I A I A A T q/ e/ q/ e/ q/ e/
(W +m2) % (We+m?2) % (W/m?2) %
B A DL A A 32.3 0.0 97.0 0.0 161.7 0.0
I NS AE 2 N iR 31.7 2.1 95.0 2.1 158.3 2.1
ISO F 1 7 oR £ 1 3 5 TR 33.2 —2.8 99.1 —2.1 165.0 —2.0
ASHRAE F it 57 I i 1 455 751 37.8 —16.8 113.3 —16.8 188.8 —16.8
i 5 T 45 A BELASE Y 27.7 14.5 83.0 14.5 138.3 14.5

B2 A, B R T 2R R 45
mm , FOKCE TR EE Sy 35 C KA R FE AR fR 7 [ 2 50
~250 mm i, 55 8] B Y A8 £k ISO A o % bR 2500
FAEAL ASHRAE - 187 B F 455 784 % i 1% 13 31
TV A5 AR B TR 45 SR 5% i A X 2 ik i B
55 5 5 B0 R AL T R 45 R A R R 5 25 A HB O
5% s B KA B 30 Y. 1 A8 ) B 1Y A2 A 4T 56 F B AR
T PR AR A5 45 R AN, 5 A L
S5 R AH AR 22 e KA 2T 300,

H1 3¢ 3 n A Y4 (B B 150 mm, $OK 73436
35 C R A I v 3 50 )2 R AR A Rl Oy 25~65
mm [ B T i 70 2 TR Y AR A X 1SO A v
BRI SARAY  ASHRAE F 7~ 1 fily H 5 78 Kz 3t B 5%
TF T 5 R AR BELASE 78 235 R 52 i 5 K, 3 26 vk 1 A
SER S RUE BT 5 R IR 22 R i 500 Bk
IRF] 2026, I o 70 2 TR B 1 AR A A TR

RIA 7 B8 PR BEL A 0 3158 25 SR R R 5D 5 B AU T
AR AIARR 22 I KA 304

Hi % 4TI, A R BE ) 150 mm e P48 T i
BEZ Ry 45 mm S PROK - 2l B AR Al B
25~45 Cmf. oK iy 284k % ASHRAE F
S T8 A A TR % M R 5 T A 26 AR B Y 4 2R
SRR 3k 287 7R 1 11 58 45 R 5 B B T S 4
A AR X R 22 AR 1 506 B KRB 17 V6. T i ARG
i SRS ) R 1 A A X B T AR TR 5 1 R BEL A AR
L 1SO o T o8 RO 5 B B 3+ 45 R R A 5
BB AT 45 R AR X R 28 T KA 2 300,
2.2 EHMEHRERABHELERSSN

A 1] A8 A Vi [ O 50 ~ 200 mm, 4 iV
Ui S E 2 R AR YL L O 15 ~55 mm K& 7K F- 1
i AL ALE [ D 10~20 "CIF AN [R5 s Al 1% 15
P BT AR ISR 5~ 7 PR,
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x5 AATEAETESMRERETEL R (d, =35 mm,r,=15C)
Tab.5 Calculation results of different heat transfer calculation models(d; =35 mm,t, =15 C)
M=50 mm M=100 mm M=150 mm M=200 mm
A LV 1R IR 5T q/ e/ q/ e/ q/ e/ q/ e/
(W +m™2) % (W +m™2) % (W +m™2) % (We+m™?2) %
BB AP A 57.4 0.0 54. 6 0.0 50. 6 0.0 46. 4 0.0
BT TR R PR T 258 A A oL A 71 57.7 —0.6 54. 2 0.7 50. 2 0.9 46. 4 0.0
ISO F Al 5 bR BT S5 A7 85.6 —49.3 78.5 —43.8 70.6 —39.5 63.0 —35.6
ASHRAE - 3 @ ify }4- 485 59.1 —2.9 58. 3 —6.8 56. 8 —12.1 54.7 —17.7
i BT T 0k S 8 A BEL AR 7Y 47.7 16.8 46. 7 14.4 45. 4 10. 3 44.1 5.1
6 FAABMRELREXREEE TEHSMREREVTELE R3TEE (M=100 mm,t, =15 C)
Tab. 6 Calculation results of different heat transfer calculation models(M=100 mm,t,=15 C)
dy =15 mm dy =35 mm dy =55 mm
ARG L AL PR T q/ e/ q/ e/ q/ e/
(Wem?) % (Wem?2) % (W+m?2) %
B A A Y 61.12 0.0 56.59 0.0 52.69 0.0
LTI AR R 7 55 A0 A BELASE Y 62.16 —1.7 56. 36 0.4 52.27 0.8
ISO 7 1 7% R F0 F A5 7Y 110. 06 —80.1 87.47 —54.6 70.51 —33.8
ASHRAE I} ifi iy - #5 51 64. 50 —5.5 60. 37 —6.7 56. 28 —6.8
i1 3 T 45 A A BELASE Y 55.33 9.5 49. 36 12.8 44,33 15.9
x7 AEAAKEHBE TR MEERSITELE R (M=100 mm,d, =35 mm)
Tab.7 Calculation results of different heat transfer calculation models(M=100 mm,d; =35 mm)
te=10 C te=15 C te=20 C
AL A AT q/ e/ q/ e/ q/ e/
(Wem?) % (We+m?2) % (W +m?2) %
B A DL A A 79. 4 0.0 54.6 0.0 29. 8 0.0
I NS AE 2 N iR 78.8 0.7 54. 2 0.7 29. 6 0.7
ISO #7 i 5 e BR 1 55 468 25l 113.5 —43.0 78.5 —43.8 12. 8 —43.8
ASHRAE F it 57 I i 1 455 751 84. 8 —6.8 58.3 —6.8 31.8 —6.8
i 5 T 45 A BELASE Y 68.0 14. 4 46.7 14.4 25.5 14. 4

B 5 AL, BHRE LT )RR RN 35
mm, ¥ KPR 15 C K8 ] B AR {5 [ 2 50
~200 mm B, & 8] B {9 28 fb X 1SO i o % oR 50T
FAEAL ASHRAE F - 187 B - 455 78 % i % 13 31
T A5 A A BELBE AR 45 R 5 i A K, X 2 iR T
45 5 B0E AR 00T B 25 SR A R T 358 2 R AR Rl 5t
5% s Fe KK 5 50 Y. 1 4 ] B 1) A5 4 X 36 F B AR A
T 1 AR BELASS TR SR 5 i A L 5 B AR L B
ER AR 22 I R AT 200,

6 A 1. M4 [0 5k 100 mm, ¥ /K2R
JER 15 C R ffe A48 1ot 38 38 2 5 3 AR RS B o 15
~55 mm i, I b o 3 78 )2 R A A8 fh X 1SO
K7 Y % R BT BB 8 L ASHRAE T Jt 5 18 il B A5
T R Hb 1 15 11T M A5 A A BELASE 78 48 B 5% i A5 K L 3
S T T 5 R B A A T B 5 R I A R R 2
I 5%, F IR 80 %0, M A b o i 55 J2 )5
JEE 1 728 A X 35 T R DR TR A A BEL AR TR B SR )

BN G BUE AT B3 25 5 1 A R iR 22 Je KON 3
2%.

H R 7 ATAL YA BB SE T 100 mm, #4081
Ui 70 2 2 A T 35 mm [ ¥ JKOF 1 I B AR AL E
Bl N 10 ~ 20 C Bf, ¥ 7K F 208 B 1 28 1k xF
ASHRAE T 1 il Fr B8 70 K b % 1% 11 T W 55 %
PRBH AR 25 L5 e A R X S Ty ik T A R 58
(ELAEADLT 3 & R 1) A 6 iR 22 R 3 500, I R ik 3
A4 V0. T RS T it 3 70 )2 IR B A AR A e 3 TR R
PR - 1 S 200 P BEL R T80 S TS O s o 5 R B8 3 44 4 7
GRS A UNRSEVE R RS pE R R R EPORTA
ZIRKAHL 2%.

XFH# 2~4 Je 3 5~7 Al HN A SCHR ) 3k T
TE MR PR 11 A5 A5 P BELASE 70 A (1698 T 000 I TR iR 22
/N AT . 5 32 R PR R 16 08 T 0 A Bl
PROTL o ALK P 2430 B B 230 1 = L L 5 3O A
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Tab.8 Comparison of different heat transfer
calculation models

R A

e Al W
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ey g e . 0,025 m<d; <0.065 m,
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