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A Study on the Ceiling Cooling Effect of Atrium Using Water Cool Roof

o
SIS

—1x*
[

Chung, Yugun

Abstract

In the atrium, indoor overheating and cooling load increase due to excessive solar flow. The study analyzed the cooling effects of atria using

water cool roofs through a scaled model experiments. In the experiments, the thermal environments in the scaled atria according to the

opening conditions were measured. As results, it was analyzed that the indoor average temperatures of atria decreased 2.08~3.95°C by the

water cool roofs. In particular, it was analyzed that the indoor cooling effects were best in the lower layer of the atria and the cooling

effects were reduced in the skylight atria. This is thought tp be the influence of cold draft occurring in the skylight. Water cool roof is one

of the structural cooling systems that can be applied on the atrium. Also it is expected that the development of various environment friendly

technologies will be needed in the future.
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Z20m), =ol(12m)<e Ao E ~AY 1/20 =4£2F L A Table 2. Scaled Model Experiments
Ashsith. AlxpE bR E SR e 7h2450mm, A= Cool Roof Depth 20mm
=o % =33y guld o P
450mm, 1600mm = 7“]_ SEFEY dutgo=z A —1’ _5]' Measurement | Measuring interval from 45mm on the floor
o Ay 249342 ¥ F JA=E AFsAuh Point to 240mm
2y A¥E dxFo] S 23 E JELE 12.30—1—51
173027bA] I T AAAT S5 F 957 Equipments
A sl 2 29319 AR B4 A4 AT ”l%{s(t)(}?(:to%)
Table 1. Scaled Model Outline
Wall Bottom Insulator Column
acrylic wood woodrock wood
Size 450 450 500 450 450 20%20
(mm) *600 | *450 *500 *600 *450 *600 No Atrium
Quantity 8 2 2 8 2 2
Skylight
Atrium
7 = R
ol wEF olFd AP WYt 97 s]eol9e] poylight &
0E eresd BE e WAL
olul, olENE FLEFE AN AN £E F 14
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3, A4 opEelgsl Wawel o7 Wrhan e
A% 9 A olES Az HATDo| oF WIE
g5 AE ohEEE fﬁ H°%T] ow A7 ke RS emwsis A A% A
HE 77 SAFET. S-S 107 HHo 2 et e s _
SRR CoeE s 244CAH HPS vHA W LEE 283CE Ayl 2
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=2k 3.95C 2 d4ads) e AL

247% o] Ay Eold wE WYZadE gFHolA
511CHAEST 98 48.3C, AL 44.2C), FZHA
2.04C(HAFSF S 49.2C, AL 46.2C) 18
ol A 3.72C(HAET gl 49.3C, U 45.6C)=
o Whaxst b & Ao EAFEAT. =3
o] wWE FroPZE(cold draft) 2 3FEH7}
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Table 3. Indoor Temperature(°C) of No Atrium

Cool Roof No Cool Roof
' - Differ.
Max Min Ave Max Min Ave
Upper | 609 | 38.8 | 442 | 60.6 | 454 | 493 5.11
Middle | 62.2 | 40.1 | 462 | 62.7 | 444 | 49.2 2.04
Lower | 658 | 38.8 | 45.6 | 658 | 434 | 493 3.72
Cool Roof Temp. 24.4°C ~28.3°C average 27.3°C
External average temp. 32.9°C, average wind speed 0.09m/s
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Figure 2. Indoor Temperature(°C) of No Atrium
32 AF olEZ L
A% olEele AFRY WATSH e WAENE
B74s7] Slskel ML WASY Aol AW oF
164] B 174 25@Ato]9] 9JF-e] 2o+ Hof 32
4CoA HA 30.7CE HH2EE 3L7CE EXFHJG
olmjo] F&o AW 17m/s 28l A 0.0lm/sE HHF

Z&£0 048m/sZ2 = HAJT}

AR Bk AR 2xwste A3 A Al
244CAA AREs mdE oo =& 26.73CE *‘4_6401
AP = T 233C Ao Aoz B4 FHAG %

o] A ﬁé%itb AAdGFE AAS 74:%011*1
44.83C AASF7 Sle Aol 4691C=E F AgA 3¢
9 HHeEA= 2.08°c0L Aoz EAEAT

AT Ay Fold wE WAEHAE FFTFAA
1.13C(HAES §le 48.1C, Ue 47.00), FZHA
219C (ARG 1S 46.4C, S 44.2C) 1P 3EH

_27_

oA 2.90C(HAE
9] %ﬂﬁﬂrﬂ 7P7a}

Table 4. Indoor Temperature(°C) of Skylight Atrium

Cool Roof
Min
41.1

No Cool Roof
Max | Min | Ave
55.9 | 434 | 48.1
57.2 | 40.1 | 442 | 579 | 429 | 464
56.6 | 38.8 | 43.4 | 58.6 | 42.0 | 463
Cool Roof Temp. 24.4°C ~26.7C

Differ.
Max

54.7

Ave
46.9

1.13
2.18
2.90

Upper
Middle

Lower

average 25.4°C
wind speed 0.48m/s

External average temp. 31.7°C, average
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Figure 3. Indoor Temperature(°C) of Skylight Atrium
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Table 5. Indoor Temperature(°’C) of Skylight & Front Atrium

Cool Roof No Cool Roof
Max | Min | Ave | Max | Min | Ave
Upper | 63.5 | 59.2 | 62.0 | 69.1 | 62.0 | 66.4 4.36
Middle | 66.6 | 62.0 | 64.1 | 699 | 62.0 | 66.9 2.50
Lower | 69.2 | 674 | 69.1 | 757 | 674 | 73.2 4.01

Cool Roof Temp. 23.6°C~31.1°C average 28.5C

External average temp. 33.8°C, average wind speed 0.94m/s
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Figure 4. Indoor Temperature(°C) of Skylight & Front Atrium

2.08~3.95C &2 RE AFH =ddA4 #
Hole Aoz E4HJY. =S M7H =3 wet

2% J4ass
s

AE3}E olEd AZE PO BAYT o
obED ol AET 4+ A TEA WAz o
2 gdo Z °

REFERENCES

Han, K. Y. & Ahn, B. W. (2004), A Measuring Study
for the Vertical Temperature Difference in Atria, Journal
of the Architectural Institute of Korea, 20(1), 187~194.

. Kim, J. H.,, Choi, A. S, & Song, K. D. (2012), Thermal

and Daylight Performance Data in Four sided Atria
According to Shape and Canopy System, Journal of the
Korean Society of Living Environment Systems, 19(6),
778~785.

. Kim, N. J,, Hyun, E. M. & Kim, Y. S. (2013), A Case

Analysis Study on Influence of Indoor Thermal
Environment in Atrium, Spring Conference Journal of the
Architectural Institute of Korea, 33(1), 233~234.

. Choi, J. M. (2014). A Case Study on the Characteristics

of Summer Thermal Environment of Single-side Attached
Atrium, Journal of KIAEBS, 8(5), 247~253.

. Kim, K. A, Song, B. G., Kim, S. H., Park, G. U., Mun,

H. S. & Park, K. H. (2019). Comparison of Seasonal
Effects on Cool Roofs Using Building Experiments,
Winter Conference Journal of Air-Conditioning and

Refrigerating Engineering of Korea, 345~348.

. Calcagni B. & Paroncini M. (2004), Daylighting Factor

Prediction in Atria Building Designs, Solar Energy, 76,
669 ~682.





