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A Study on the Energy Simulation
Considering the Response Time of Radiant Floor Heating System

Kyu-Nam Lee, Seong-Ryong Ryu, Wu-feng Jin,
Yong-Yee Kim*, Myoung-Souk Yeo, Kwang-Woo Kim™*+

ABSTRACT: The objective of this study is to verify that it is necessary to take account of
the system response time for more accurate building simulation. In a radiant floor heating
system, thermal capacitance of the system is so large that it is required to evaluate the effect
of the system response time upon the building thermal performance. To do this, various
simulation time steps were examined and a proper time step which can model a system
change within the response time was proposed. And simulations were performed with various
response time of the thermostatic valve used in radiant floor heating system. It is concluded
that the response time does not influence the thermal performance profoundly, especially when
supply water temperature is relatively low and the thermal mass of the building is small.
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Fig 1. Modelling of response time
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Fig. 3 Temperature deviation with time step

Fig. 4 Simulation process to evaluate the influence

of response time upon thermal performance

I I i B S SO L L mm =TT
Ho _ T -~ X % 0 ok =
mo2 RN x™ " Tepds Mo
o W w = g .clﬂu w = o|
o oloNr
PRI W ° o Bodo o N
T %ﬂézﬂewmﬂ%ﬂ%ﬂ%
= —_—
oﬂﬁo_dﬂ }ﬂmﬂdl.u@ﬂﬂmu%aﬂ
SR E o NN T — o = I BIK
® Txrqedan Yl
LﬁplﬁlﬂuthuT 7ﬂozaﬂodﬂﬂﬁ¢|ﬂmﬁa
DU Sm  FAT Rag T RE L
moE WS L= awm® g
= aiﬂﬁoimaﬁm@w mﬂﬂl%%ﬁa
of oF ® B w o ovﬂl%glefd - RR Y
S R I LN i MR P B R
2o K e T o}
oy SANCIENT %o R R T %
Prety _Tewleea e~
[~ B —~ 0 —_
) _zTOTOﬁMEdE7E_zT¢‘_ﬂAIHTXEW -
ﬂo%?ﬁo@.%%ﬂ%&o%c,ﬁmﬂﬂﬂ‘_utwm
_
wm M I T I R O B
TR m Y PR BRTR FAT W
FTE RN TRTITIWERET W
o of o BN T B OB TN MW oo <R
wﬂﬂ%iﬂﬁ%ma’ oTMLNUrHﬂW%E.
J oo mPER T Ma mo _w
<L e e B LB IR
N 7_,AJH 7#| O;OZ\W;O 7.A
%Nlﬂwﬂr];ooﬁ JTE e
TELIERS o T T g
of oo = Aoy X B Mo "W
T o5 =y B g CE- Ny o
JLX _mwF w ﬂ/nﬂdoi
T TN B do T M o = B O
AL W9 T L R il
< o }_o,ma‘lr —_— 1251
A = 0o L oR ~ W ) h o
Mﬂﬁwpﬂ%uﬁwaﬁwﬁe%ﬂ,wtd..%%
= T or = =1
%%%ﬂﬂouo%ﬂlmé%%ﬁ
et jui I~ . J— .
Reﬁm,ﬂuwﬂLN#,WﬂM%S‘qmuﬂlATov‘mﬂr
TERT NR® N g T T ooy oW
ﬁl%%ﬂ?%d.iFiWﬁoo%ﬂ%
— . — o 5 pre
LonPE Bl 2R am R ®
W g TP T ©n I T
= o X
P T Tt NE T A mE S
ML Mol R BTRT DS i w

SR
R A=

A
oz

]
3

SRS VR

I

ol )

Al
=
5]

Al ZsolM

2Hol| wE

A

2 C
[ =]

AH| o
—_— —

4, A

d

42 AMEdgold =

4.1 M EdolHd AXEE

!

o

o

03

Gl
_ZTI

N

A 40mm~70mm A}ololl A 15mm7t

@7l

56% 1

2 44
Al 23, H 4

§ 5%

3]

B o} RE|E W Ho| T

o=

-
a

2 WA A A EH oA

el

45 7

Jri
1o

- 623 -



M3 Qe AAA YAl W 2 ny A
qygAel B Hesgion], 971ug A
Aol el S ngEe AEATOA
FEF e HET PPFALS B

fs

43 AMEYolMd A3 A B

| et sdel B4

F9 ewel g o8 wn

A& F
NAeEAA Aeted 2oE AN,
ds2 FEHBe Al SEAIZEe] 2F 0B R
SgAre] Fe Aot Mwage W 2~3% 7}
c
24| %
pml
22t ®
g
200/ ..
[0}
wyc =
16
(valve stroke)
on T r .
I [
off 11 Hi ,
12 15 18

0 3 6 9 21 Time(h)
Fig. 5 Room air temperature fluctuation with

different response time

0.6
5 —>— On-off control
= —&— Outdoor reset + on—off control
g 05
[0
o /
©
(o}
€
(0]
2
0.3
response time
0.2

5s 300s 600s
Fig. 6 Temperature deviation with different
control method

r
H
)
XN,
ox.

i ofy o
o N

KUorr AL

I
e

l
=2
=
@
o
H
fo o — m B R

>,
M o
=)
ﬁN_',
lo,
olN
N
N
%
o Ok o © & ok

@ *O_‘:]'}\]Zl‘ol Z_] HHE.E__ /\]_

W o oo o X N o1 M e
Ao
> 2 oo iy
e o to &
ol N
o o
o

ro ol oft o

(R

off i A I

o
1
9
o
2
=
&
3
[z ®
¢ O
Y
n
ol

% e

b ofx

% 2

B[

o M
n)

ol\

)

>

~y

>

1
o

o
[}

Supply water

t t
0.5 [ LEERIE | —0— 40T ]

0.4]- S—é'/?/’;

0.3

Temperature deviation

mortar thickness= 556mm

5s 300s 600s
Response time

Fig. 7 The effect of supply water
temperature upon thermal performance

0.5
c —A— 70mm
2 thickness | —O— Ssmm
.g S > —O— 40mm [
[0
©
° o _a— B
pul .
© —
3
(o)
= supply water
temperature =55T
0.3
5s 300s 600s

response time
Fig. 8 The effect of mortar thickness upon
thermal performance

- 624 -



Table 1. Summary of the simulation results

T 40mm 55mm 70mm
RT

Thw criteria Bs 300s 600s 5s 300s 600s Bs 300s 600s
Max(C) 23.1 23.1 23.2 23.1 23.1 23.1 23.1 23.1 23.2
40°C STDEV 0.32 0.34 0.35 0.33 0.35 0.36 0.35 0.36 0.37
rise time(min) 636 639 641 672 675 677 709 712 714
Max(TC) 23.1 23.2 23.2 23.1 23.2 23.3 23.2 23.3 23.3
55T STDEV 0.34 0.36 0.38 0.36 0.38 0.41 0.38 0.41 0.42
rise time(min) 380 382 384 402 404 406 424 427 429
Max(TC) 23.2 23.3 23.4 23.3 23.3 23.3 23.4 23.4 23.5
70C STDEV 0.36 0.39 0.42 0.39 0.42 0.44 0.41 0.45 0.48
rise time(min) 273 276 278 289 292 294 306 308 310

“T = mortar thickness, “Thw =
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