Ao Fe =57 A 13 2 A 6 Z(2001)/pp. 541~548

.
> T

glo] daARAH ugBEARge] & Lo e AT

2 & o
Aegdstx Qe a5

A

Algdsim @St

A Study on the Thermal Environmental Analysis and
the Application of Radiant Floor Cooling in Apartment Building

Yong-Yee Kim', Kwang-Woo Kim®
Department of Architecture, Graduate School, Seoul National University, Seoul 151-742, Korea
‘Department of Architecture, Seoul National University, Seoul 151-742, Korea

{Received May 8 2001, revision received May 19, 2001)

ABSTRACT: The objective of this study is to analyze the possibilities and considerations for
the application of the radiant floor cooling system by analyzing the problems of a conven-
tional cooling system through field tests and thermal! performance simulations of the radiant
floor cooling in an apartment building. The results are as follows.

(1) Problems of the conventional cooling system with PAC (packaged air conditioner)’s
include draft, local discomfort, and excessive electrical peak demand.

(2) According to the measurement during the cooling and intermediate seasons, the floor
surface temperatures which are experienced at the time of cooling with PAC’s and during

intermediate season are similar to the temperatures for radiant floor cooling.
(3) The radiant floor cooling system is applicable to apartment buildings during the cooling

season, especially on hot and clear days.
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Fig. 1 Climatic analysis using building biocli-
matic chart during the cooling season.
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Table 1 Test methods

Period Condition Remark
- . +Indoor/outdoor air tempe-
Natural mode *Natural condition without any oc rature and humidity

cupants, cooling, and ventilation

*Floor surface temperature

Non-cooling mode .
cooling

«With any occupants but without

n

Summer
(AUG) Air conditioning with air

temperature control dium, low

+Setpoint : 24T
*Supply airflow mode :

»With or without ventilation

"

«Air wvelocity, electric po-
wer

high, me-

Air conditioning with
humidity control

-Setpoint : 55E5% *

Intermediate period (SEP--QCT)

50n

+Continuous data acquisition until
the beginning of the heating sea-

*Indoor/outside air tempe-
rature and humidity

Table 2 Room air temperature when PAC is in operation

Room Average (T) Standard deviation — Maximum (C) Minimum (C)
Master room 272 03 279 26.3
Living room 251 05 26.1 247

Kitchen 257 04 26.5 25.1
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Fig. 3 Results of operating PAC when mean
outdoor temperature is 29T.
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Fig. 4 Results of operating PAC when mean
outdoor temperature is 25C.
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Fig. 5 Frequency of temperatures during the
cooling, intermediate, and heating period.
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Fig. 6 Profiles of temperature and humidity
without air conditioning.
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Table 3 Simulation program input data

Variable Input data
. Central housing unit
Location on a typical floor
Model | Orientation South
House Master bedroom
ﬁ%‘fﬁl (area : 180 m’,
ceiling height : 2.3 m)
Weather | Seoul Standard Weather Data™
A | Natumal 27 ACH
Change ventilation
Rate | Rediant 1 ACH
cooling
Convection 21.3 W/person
Peonle” Radiation 49.7 W/person
P Latent 45 W/person
Number 2 persons
. Convection 11.8 W/m*
Lighting’ — -
‘ehiting Radiation 92 W/m*
Convection 8.3 W/m"
Equipment| Radiation 8.3 W/m®
Latent 0.0 W/m*
Operati Method Continuous cooling
Cop:di tiinonz Flowrate | 1.1 ipmx2 (panel coil)
Set point 26T
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Fig. 9 Room thermal environment on a hot and clear summer day (August 16, Seoul).

6.0 1

Room Alr Tem| e _
Foor Surtace :
e ;

Dew Foint Temperéure

20.0

e
Roomn Air I-lm'réily

8 5

Condersztion
OCCUITBNCE o,

g88888¢8

i

i

1
18888
Time{hourminute)

{a) Natural condition

3.0

0.0

Foom Air Tem) ure

‘ Floor Surface Temperature

Foom er—l.mofy

§885838¢§¢88

Tine{ hour-mirute)

(b) Radiant cooling

5.0 - !
Foom Air Tempem% i
300 FAoor Surface ‘
P [ Temperature |
g *
%2&.0 7 f
i Dew Point Temperature |
200 J
1o b e v
gmu.o
E Foom Air Humidity
80.0
%40.0
E 20.0
i
00 !

ggagmgggg

Tlme('r"ownﬂﬂ.ne)

{c) Radiant cooling + ventilation

Fig. 10 Room thermal environment on a hot and very humid summer day (August 3, Seoul).



548 dgol - AFs

SE2 Mol © HA Hu, wd HHLE}

wPeERd o ¥4 $4HE 42 ¢ & Y
ooz $/18 Fael Re &x9 U8 =
d¥oz vigRabgdel AE M54 E Y 5

A&E ¢nldtd,

Fig. 102 Adig=r #H7 81%2 ddde=
F57F o9 dAbge] AL g dEle AE
deol izt doE B, dgHAguyt H4
H Afede RIHE AAGEN AHE 9453¥exn
yrte] ojFojad] Hee HALEE FAHFL
u 227 aF B S48y SEARS A @
15 HEF Agdde Hee] APz =7
A fAERed, dzdde] v dzg
e A3 AAY Aol olvr]el gl o
T FAH 2A, AF B9 #7714 deizim
Z#e F71zx87 9asgith, 2, o] ARdE
Bapdde] Was® m7)A] dojpvte] Wn
o e Ao aE FAeRE yudd

5 8 &

U 71Fe 243 @R4ES w3k #7A

deire] TARE Herek F, dfy Zzad
o olg ueRAdy Aade] 384 2AW

B ATy A g P

(1) T 715 A dweE Frizgden
elyz TR ZddT 47 FV2E T
g oz Agdch

(2) 71& W A2 Hf7)A] AP L {2
A3 FEHN BHAE FUF 4+ lon, =
A Y 7HE/AR E A7) B wet F31 3
AixvAHE F7HAE 4 Ak BE @A &
AL 1] AFEA] 2 dd 229 BETFol Uk

(3) Y712 F37lel AEHE WE ovd
22 vigEAlge) Bad wigEme Aol
7t Jov, A vhgdeLss A2 H=sigld

(@) AQdEd de 4 242 Y& B3
o Fe] FERH ZdUAE FEo ofte 4
22 ¥E £ gong ugtEAbdbbe] slgAd ol
e Aeg HaPc)

(5) Wik B¢ n2oW Hlzyg Fmu o
& Zizbel diEe] wpgEAREE Aladel HE
JhEsty, neogs 7t dEiAE BEAHQ
Wato 2 34 slEd Aoz #wugn

3 7l
o =FE Agdga FHATA, 20008
T2 Al ova| B Fae dFAde
Z APFA,
23nzd
1. Koo, S. Y, 2000, A Study on the Appli-

10.

cation of Radiant Floor Cooling using Ondol
in Korean Residential Buildings, MS thesis,
Seoul Nationa! Univ., Seoul, Korea.

Olesen, B.W., 1997, Possibilities and Limi-
tations of Radiant Floor Cooling, ASHRAE
Transactions, pp. 42-48.

Watson, Donald, 1983, Climatic Design, Mc—
Graw-Hill, New York, USA.

Kim, Y.Y., JH. Lim, MS. Yeo, and KW.
Kim, 2000, A Study on the Radiant Cooling
Using Ondol in Apartment Buildings,
Proceedings of of the SAREK 2000 Winter
Annual Conference, pp. 308-312.

Seng, G.S., B.G. Jeon, and L.H. Lee, 2000,
A Study on the Thermal Comfort
Comparison between Wooden Floor and
Concrete Floor based on Seating Life Style,
Journal of the Architectural Institute of
Korea, Planning and Design Part, Vol. 16,
No. 2, pp. 105-114.

Kim, Y. Y, 1997, A Study on the Time-
Division Hot Water Sypply for Energy Sav-
ing of Radiant Floor heating System, MS
thesis, Seoul National Univ., Seoul, Korea.
Udagawa, M., 1986, Calculating Methods of
Air Conditioning, Ohm Inc., p. 179.

SAREK, 1996, Seoul Standard Weather Data,
SAREK.

Faye C. McQuiston, Cooling and Heating
Load Calculation Manual, 2nd ed., ASHRAE,
1992, p. 5.7.

Yeo, M. S, 1997, A Study on the Separated
Heating Surface Control of Radiant Floor
Heating System in an Apartment House, Ph,
D. thesis, Seoul National Univ.,, Seoul, Korea.



