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Abstract The floor structure of the floor radiant heating system of most apartment houses in Korea adopts the standard
floor structure advised by the Ministry of Land, Infrastructure, and Transport in order to resolve the noise dispute
between floors. In such a floor structure, when the supply of hot water is stopped when the heat storage part of the
mortar is shortened during intermittent heating, the surface temperature drops rapidly and it is difficult to expect a
continuity in the temperature level. In order to resolve this problem, PCM with excellent heat storage performance
was added to the floor radiant heating system. In addition, an optimal PCM insertion location was proposed in order
to show more efficient heat storage performance. Two mock-up laboratories have been established to compare the
heat storage performance of a standard floor radiant heating system and a PCM applied floor radiant heating system.
The PCM was inserted at the top, side, and bottom of the hot water pipe and the temperature change was measured
through the introduction of a heating schedule. The experiment confirmed that when the PCM was inserted at the
bottom of the hot water pipe, the rising rate and persistence of the floor surface temperature and indoor temperature
were higher than that of the general room, making it advantageous to insert the PCM at the bottom.
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o} "]7L o] 2= "} ol A A
4 5} 2] (Phase Change Material; PCM)= &H-8-3F

PCME Hojt 52 As& 7L o, A=o] FrxAleh gatste] AW W - bl B 2A9A frxol] AREE L
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2. Mock-up A& 25

71 mhe SARPE A 28 PCMS A 83 vhe SARRR A= e Bald Theat g Al 2= *J%
aH7e] HAkE B7] 918 Mock-up AAAS Fig. 13} 2o] #5330k 5, & 2719 A= 748131 oH
22 vt 35, A A4 84 m(W: 1.75m, D1 2.00 m, H : 240 m)& A oiglth 2o wA ]
100 mm= o]Fol# glom, 7+ Ao 7S 817] A% T4 ¥ TEA] 200 mm(LEZ ~E )R 435k
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vhe JAPGUA AL FERY TR IS 8519 Room 15 7 SFR AL, fWE vpe-R ARG Al 2Bl of A
nhkS REEE o] PCME AF9lske] Room 2& /3 3H3it
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Fig. 1 Mock-up plan and 3D model.
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Mock-up floor structure

- Finishing Mortar
- Hot water pipe

- Autocalved light weight concrete

- Cushioning meterial

- Concrete slab

- Finishing Mortar
Hot water pipe

- Autocalved light weight concrete

- Cushioning meterial

- Concrete slab

Room 2(PCM at the Upper of the Heating Pipe)

Hot water pipe

---- Autocalved light weight concrete

L .- Cushioning meterial

Concrete slab

.. PCcM

Finishing Mortar
Hot water pipe

- Autocalved light weight concrete

- Cushioning meterial

- Concrete slab

Room 2(PCM at the Side of the Heating Pipe)

Room 2(PCM at the Bottom of the Heating Pipe)

Table 2 Boiler heating schedule

. Heating schedule(Time)
Stop time
18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
3 hour On Off On Off On Off On Off
R FHLEEE 6STR WA O, /15 2AZE Table 294 ol SF4 113 s F 342 5l
A2 AAste] AP At o= A A Al 2 HAAAL FAE A8 dPATF AgARE
wow poMel HUUNS AA 0w BEY i FEAdo R Agsgn 1Y A 308 ﬂEOEh
7V A7kl ol PCM FE a7t A YeEbA] @har 1AI13F o] Ade] ThE AR el A At mlgt R Y] =
%49 Aol YeElwth T3 Wivbe & AAAIRE AT W AR A] PCMe 93t = A48 %“’1
starz 3AIZF A2 AA A0
3. Ay Z3t
3.1 25 Hi & &&
311 EH 25
PCM 25 i3 A4 Ay EW-2%3 Table 3, Table 49+ Fig. 29 #o] YEbon =Ae ALg-S
the-7 2t} 2duka ¢l Room 13 PCM 4§ Room 29] &%=®W 3= 254Cel A 26.8C7H4 Bt 1.0°CE PCM
AgAe] 2X7F 4 e Aow e
1 Cycle & Room 12] o A &% HS 2687, 254Co|H 252+ 1.3CE YEFYTE Room 2E 26.6C,
259CE Yepgton, 2= 0.7CE YelETh o] & wj#e] do] PCMOE gy o] REEL= e} ol
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Table 3 PCM upper insert start point and end point surface temperature

Start Temperature(C) End Temperature(C) Average Temperature(C)
Room 1 Room 2 Room 1 Room 2 Room 1 Room 2
19.4 194 26.7 27.7 21.7 214

Table 4 PCM insertion surface temperature comparison on the upper of the hot water pipe

Surface Temperature( C) Temperature
Cycle Room Maximum Minimum Maximum minimum difference
temperature temperature average (C)
: 1 24.6 23.9 242 0.7
2 24.2 239 24.0 0.3
5 1 27.3 25.8 26.5 1.5
2 27.1 26.3 26.7 0.8
3 1 28.6 26.7 27.6 1.9
2 28.6 27.6 28.1 1.0
1 26.8 254 26.1 1.3
Average
2 26.6 259 26.2 0.7
On Off On Off On Off
40.0
Room 2 (Upper)
35.0 28.6°C — 27.6°C
Room 1
E Rooln 1 27.3°C — 25.8°C >
o 30.0 24.6°C —+ 23.9°C >
5 -
g " /" '\_
%— 25.0 .
= Room 1
20,0 » Room 2 (Upper) 28.6°C —+ 26.7°C
. Room 2 (Upper) 27.1°C —» 26.3°C
24.2°C — 23.9°C
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
=—Room 1 Surface Room 2 Surface
Fig. 2 Surface temperature when inserting PCM hot water pipe upper.
312 AU 2%
POME &5 e 5ol A9 F Wb 1A7E 5 3A%F A4 9] 2AES Bgetel S4E AU LEE Table

5%} Fig. 33 2tk A2
2% 18.0CAA 23.0C7HA 57
HEH Aol hgH oz UdA

A2 21 Room 12 18.3°Col A 22.6 C7HA| 531512, PCM A& 42l Room
st th ey, AU #-2%EE= Room 1°] 21.9C, Room 27} 21.6 CE PCMO]
2R EXE YER A STk
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Table 5 Indoor temperature when inserting upper of PCM hot water pipe

N Temperature( C) .
Insert Position Room Average Temperature( C)
Start End
Hot wat e U 1 18.3 22.6 21.7
ot water pipe er
pipe PP 2 18.0 23.0 214
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On Off On Off On Off
40.0
Room 1:22.9 °C
35.0 Room 1:21.9 °C Room 2 : 22.5 °C
Room 2: 21.2 °C Room 1 - Room 2
—_ Room 1 - Room 2 +0.4 °C
o +0.7 °C N Room 1:23.0 °C
~ 300 Room 1:22.2 C Room 2 : 22.6 °C
bl - Room 1 : 20.9 °C Room 2:222°C Room 1 - Room 2
2 Room 1:19.8 °C Room 2 : 20.7 °C Ropm 1 - Room 2 +0.4°C
[ Room 2 : 19.0 °C Room 1 - Room 2 0.0°C
v Room 1 - Room 2 0.2 °C
g 250 +0.8°C *
IE || e e — —| T—— -
20.0 - l}'"
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)

==Room 1 Indoor = Room 2 Indoor
Fig. 3 Indoor temperature when PCM upper is inserted.

PCM &= w3t =W A4kQ) A] LB = Table 6, Table 77} Fig. 49} 7o) vyebyt HP@L%%&E Y E A
Room 1°] #Ht 24.6C Room 27} 23.5CE PCM Zg2Ao] AdwkAdwc} 1.0C WA e

1 Cycle @ Room 19] ] HA 2% H-E 246C, 23.1Co|H &=21= 1.5CE YERH Room 2 23.5C,
221°CE JEpton, S£Eaks 13CR Yepdth o]= PCMo] 25 wl# Sl Aglsof 2 ulekel A W%
He 98 $FoR o] skl HHA PCMOI S FH3) FY8HA Fohe Ao w ddHnh Bk Wl
A Al M2 EWH KEE29 2L F wjoto}l dvkd fi¥] &% 9HA YEhE Ao R gtET)
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Table 6 PCM side insert start point and end point surface temperature

Start Temperature( C) End Temperature(C) Average Temperature(C)
Room 1 Room 2 Room 1 Room 2 Room 1 Room 2
20.8 20.8 24.4 23.0 24.1 23.1

Table 7 PCM insertion surface temperature comparison on the side of the hot water pipe

Surface Temperature(C) Temperature

Cycle Room Maximum Minimum Maximum minimum difference
temperature temperature average (C)
1 23.5 22.2 22.8 1.3
! 2 22.8 21.5 22.1 1.3
1 24.9 23.1 24.0 1.8
2 2 23.7 22.2 22.9 1.5
3 1 25.5 24.1 24.8 1.4
2 24.1 22.8 23.4 1.3
Average 1 24.6 23.1 23.8 1.5
2 23.5 22.1 22.8 1.3
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AQE, FA%, AL, WA
On Off On Off On Off
40.0
35.0
) Room 1
< foom 1 25.5°C - 24.1°C
@ 30.0 Room 1 24.9°C — 23.1°C R
2 23.5°C — 22.2°C > "
[1+] -
E'_ >
e 250 /__—_\/ s
C S e e e [ - —-
/ -r I ' I
20.0 ! ! I 1 Room 2
Room 2 Room 2 24.1°C — 22.8°C
22.8°C — 21.5°C 23.7°C —» 22.2°C
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
===Room 1 Surface = Room 2 Sutface
Fig. 4 Surface temperature when inserting PCM hot water pipe side.
322 AU=2x
PCMS &5 uj¥k SHol ) 5 W 1A 7Fs 3AIRE A9 =A% A8 Al SAE A5 Table 8%
Fig. 59} 2t} Room 19] A U]%=5= 202ColA] 21.0C Room 2= 20.0C oA 20.1°C7FA] 2] X Z PCMo] A&
Room 27} 0.5C AE W& 257t fAHJeH, S545E w3k U Yeyt).
Table 8 Indoor temperature when inserting side of PCM hot water pipe
. Temperature(C) o
Insert Position Room Average Temperature( C)
Start End
. ) 1 20.2 21.0 21.0
Hot water pipe Side
2 20.0 20.1 20.2
On Off On Off On Off
40.0
35.0 Room 1:21.4 °C
Room 1:21.3 °C Room 2 : 20.2 °C
— Room 2 : 20.1 °C Room 1 - Room 2
g Room 1 - Room 2 +1.2°C
< 30.0 +12°C
5 . Room 1:21.0 °C
J EZ"“‘ ; ; 5&'1 E Room 1: 20.4 °C Room 1:20.7 °C Room 21 20.1 C
a Ro °m1 " Room 2 Room 2: 19.8 *C Room 2 : 20.1 °C Room 1 - Room 2
E— 25.0 T Room 1 - Room 2 Room 1 - Room 2 +0.9°C
g [ +06°C +0.6°C
'_
R o B ——%
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
Room 1 Indoor == Room 2 Indoor
Fig. 5 Indoor temperature when PCM side is inserted.
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Table 9 PCM bottom insert start point and end point surface temperature

Start Temperature(C) End Temperature(C) Average Temperature(C)
Room 1 Room 2 Room 1 Room 2 Room 1 Room 2
17.8 17.8 25.6 26.4 24.8 25.2

Table 10 PCM insertion surface temperature comparison on the bottom of the hot water pipe

Surface Temperature(C) Temperature
Cycle Room Maximum Minimum Maximum difference
temperature temperature minimum average ()
1 1 239 23.1 235 0.8
2 23.8 23.1 23.4 0.7
5 1 26.4 24.8 25.6 1.6
2 26.7 252 259 1.5
3 1 27.5 25.6 26.5 1.9
2 28.2 26.4 27.3 1.8
1 259 24.5 25.2 1.4
Average
2 26.2 249 25.5 1.3
On Off On Off On Off
40.0
35.0 Room 2
_ Room 2 28.2°C — 26.4°C
Y 26.7°C — 25.2°C 4 »|
o 30.0 Room 2 ‘l
2 23.9°C — 23.1°C - oy
E N
g .
£ 25.0 »|
2 — Room 1
1 Room 1 27.5°C — 25.6°C
20.0 Room 1 26.4°C — 24.8°C
23.8°C — 23.1°C
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)

=Room 1 Surface = Room 2 Surface
Fig. 6 Surface temperature when inserting PCM hot water pipe bottom.
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Table 11 Indoor temperature when inserting bottom of PCM hot water pipe

i Temperature( C) Average Temperature Average temperature difference
Insert Position Room . P
Start End ©) at the end of heating(C)
. 18.0 22.5 21.7 + 04
Hot water pipe Bottom
18.2 23.0 21.7 + 1.5
On Off On Off On Off
40.0
35.0 Room 1 : 23.0 °C
Room 1:22.2 ' Room 2 : 23.0 °C
Room 2 : 21.8 °C Room 1 - Room 2
Room 1 - Room 2 0.0 °C Room 1: 20.4 °C
30.0 +1.2°C Room 1:22.3 °C Room 2 : 20.7 °C
Room 1 : 20.9 °C Room 2 : 22.0 °C Room 1 - Room 2
Room 1:19.9 °C Room 2 : 20.9 °C Room 1 - Room 2 0.3°C

Temperature (°C)

Room 2 : 19.5 °C Room 1 - Room 2 +0.3 °C
250  Room1-Room 2 fta \[I_
+0.2°C D
B e e
T A - -—
T — 'I| - == .

20.0 = -

-

15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
Room 1 Indoor = Room 2 Indoor
Fig. 7 Indoor temperature when PCM bottom is inserted.
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3.4 PCM 2

Table 129} Fig 82 Room 1(ZHFH2)I} Room 2(PCM A &2l 1417 7Hs 3A17F AR Al SHH PCM &%=
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3.5 PCM &2l 2IXE 2Z4SE

VA AAS FAAA LA PO R A7
0, 109} Ptk &5pule 9] p
SA e, ST E 1
it 5308l LEAF deske) S, S A uend dy e

W7bs 1 Cyele @ HH 2o A 2ex gk A vehy divbso] BA]s

zuﬂ YUERA] ka1 Sl

ZLdsE A4S A4 EYA Table 13, Fig.
PCME AFYdsils A i‘:ﬂ 7W
A

lo Z
o F

I 0
e
Ny
ol

2
7 UrE} Uﬂ,
o

= 2=A37}

240 (© SAREK

S | IP:165.194.26.%%+ | Accessed 2021/06/04 10:54(KST)



AR A uhe BAbdgA 2o ed A5G 4 9%

= pul

-

PCM A A 91

Table 12 PCM temperature change at 1 hour operation and 3 hour shutdown

PCM Temperature(C) Reduced temperature after
Installation ~ Cycle Peak Temperature  Off-Peak Temperature Temperature difference stopping heating
Position (C) (C) (C) (minute)
1 28.7 25.5 32 60
Upper 2 322 28.5 3.7
3 34.1 30.2 3.9
1 234 222 1.2 50
Side 2 24.8 23.1 1.7 40
3 25.5 24.0 1.5 30
1 27.4 24.8 2.6 30
Bottom 2 30.7 27.4 33 40
3 32,5 28.9 3.6 30
40,0 On Off On Off On Off
Upper : 34.1 °C
Upper : 32.2 °C Bottom : 32.5 °C
Bottom: 30.7 °C Side : 25.5 °C
35.0 Side : 24.8 °C

Upper : 28.7 °C
Bottom : 27.4 °C

£ Side : 23.4 °C
o 30.0
5
®
g
£ B0 T O T T e e T L
B f e U"" 285 C Upper : 30.2 °C
- . 9 pper: £9. Bottom : 28.9 °C
200 ¢ BL:,'::’:;"_ZZSASBSC Bottom : 27.4 °C Side : 24.0 °C
el Side : 23.1°C
Side : 22.2°C
15.0
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (min)
=Upper PCM *°**Side PCM = Bottom PCM
Fig. 8 PCM temperature installed around the hot water pipe.
Table 13 Comparison of temperature rise rate according to PCM insertion position
PCM Cvele Surface Temperature(C) Average temperature
Installation Position Y Peak Temperature Average Temperature difference(C)
1 4.8
@ Upper 2 7.7 6.2 - 1.2
3 9.2
1 2.1
@ Side 2 2.9 2.1 ®-©@ 53
3 34
1 6.1
@ Bottom 2 8.9 7.4 -
3 10.4
(© SAREK 241
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=
S 2.0
o
£
it 0.0

Omin  60min 120min 180min 240min 300min 360min 420min 480min 540min 600min 660min 720min
Time (min)
= =Upper :::-- Side =—Bottom
Fig. 9 Comparison of surface temperature according to insertion position.
On Off On Off On Off

12.0
o
c
5
e
8 10.0
(%]
£
9 O 8o
- o
-
& 2 60
g C
g 0
£ E—
o
s &8
2
o
[
o
5
[

Omin 60min  120min 180min 240min 300m|n 360min 420min 480min 540min 600min 660min 720min

Time (min)

= =Upper ----- Side ——Bottom

Fig. 10 Comparison of indoor temperature according to insertion position.
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