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ABSTRACT KEYW ORD

Purpose : Improvement of indoor thermal comfort and reduction of the energy consumption in building can be 0|§%| o, _
. . . . . . . Chsd o|= e,
obtained by applying a double skin facade system. In order to achieve effectively this purpose, design team would have  ~pp Al 20| M,
to perform easy and appropriate performance analysis for making better design decision during the design process.  Xtoi%}7|
Method : This paper focus on the natural ventilation performance of a multi-story type double skin facade with main
causes which are pressure difference according to the wind and temperature difference between indoor and outdoor ?Aﬁgleszkinﬁaca‘]i;’ ble Skin Facad
(Buoyancy Effect). Using this main causes, the natural ventilation ratio of wind effect-to-buoyancy effect in cavity of CED éimgati?rf ouble Siin Facade,
multi-story type double skin facade were analyzed through the performance analysis results of CFD (Computational  Natural Ventilation
Fluid Dynamics) simulation. Result : When the wind velocity was 2m/s, the ventilation rate in the cavity was highest.

If wind velocity was slower than 2m/s wind velocity, buoyancy effect has more influence on the ventilation rate inthe ACCEPTANCE INFO

cavity. and if wind velocity was faster than 2m/s wind velocity, wind effect has more influence on the ventilation rate in ~ Received March 3, 2015
the cavity. Final revision received April 15,2015
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Table 1. An Outline of the Building with Double Skin Facade
Contents Details
Location 162-1, Songdo-Dong, YeonSu-Gu, Incheon .
Total Floor Area 5,548.53m’ ‘\6) A1
Building Area 1,937.10m> L T s s
= c I
Number of Floor BIF, 4F 3| T
H u—@_q o T ‘5? Laboratory
Structure Steel Framed Reinforced Concrete Structure e k
— w0
South-West Facade (38°, From South to West) - - -
Double Skin - - ko< T E 1
Facade Steel Roll Forming Curtain Wall f . = N Laboratars.1
Double Coating Glazing(THK.24) i e E| |5 4 Shoratenrs
Dimension W 102m x D 09m x H 21.7m i ! iz B ST + L
Cavity Size ; ! ‘ - 1
Volume 184.55m e 5 3z .
s, ) = P Laboratory -2
Ad off Floor Area | 77.14m’ oF Lab 3 49 Section 4 I
yacent o Volume | 285.41m’ ' Laboratory- b) 3th Floor Plan I :IU ¢
gl T &
d) Section g— - +
__________ 7 ‘.) ‘ wi cﬁ ‘":‘ Rast room
i oy R P i i
! i,
i I_l L U Machine room
i
 F— - l
- ¢) South Elevation d) Section, Measurement Points(A)
a) A View of the Building with Double Skin Facade
€] Passive Scalarg &3l S. Kato®] $7]&&]3%<] SVE3 717 2HolAE A& S/l RISk Eole AGelAl of
(Scale for Ventilation Efficiency 3)”5 ©]-&5}o] 7|32 A4ls} 2Im =00 YUt F8E 2% S4 EAEE= Table 19 d)ol AE
Ko, Azt 2H7]814+(ACH:Air Change per Hour)=2 H| W5} Al 9)A]olw, ZF T vperoll A oF 2.1m =olof s e} A5
k. 157982 SA = A5 gloly 2 4 l% Table 29} Tt
AZdlolel= 54920159 149269 134]) ] Hlo]H & A
4. Cjar 9l A= 5ttt o] 515 9 9)F T = Y, WS TR s 2 Y
ATy, 12 T 585 R A= 29 Aeolch. (Table
41, 9 AL 29]| 4] a) Temperature Sensor2] 0] 0| x| = ZA 7] 7| & & H 7]
_ e Al AFEAE 7H‘ﬂ*°* “gHiolt})
= g 'C . 5 ’1_—1: il = S
488 o5 o] 9| me} M o5 xolck, A A2 019 SSTC, TS A B B
e R L
e olEY & TAHOR S0l YAIG Qu A0 TS QlH e
AL AT BA A2 35 enj Ao H8H 45 =09 o] F Table 2. Measurement data and equipments
ol m = 41 45}sch. iAo ARATR-S Table 17} 2}, Measurement Contents Data
Measurement Date and Time 2015.01.26. 13:00
Outdoor Temperature (°C) 5.74
Mz 1:!1 d|o
4.2. él’}- -“ ]E] Wind Velocity (m/s) 2.38
= - = = Wind Direction 219.1° (SW)
CFD Al EJo] A& 0] 83 A4y 88 B0 AL ©
i jg flojdS _] °© i - ] Eﬂ ohertes j Solar Radiation (W/m2) 175.8 (Global Solar Radiation)
off o] eh & o] Foju o] FF-F WF-o] E Q) @Y EAES 4F 1637 / 20.05
o5 =4 glo]E| 2 o] &5tk A AEL A 2| & A 0= o} Cér‘gtnylpérigfr%or 3F 16.52 / 15.78
0]:—?: B ZZ‘] =] 7 iE o /1‘_:]_—8_‘ H —.(:7:}7:“ —9_ (°C) 2F 1560/ 1578
o _] U PS8 . 2l 71 ﬂ_ 1 ol 2 IF-1, 1F-2 Average 13.70 / 15.76
2T TH A, 712 5)E Aok 9o, o]F¢]
e 2EAAE o8t FEF U 2H 9 37 Fo &
=7} 243 Qo 585 U 87 Fo) Ll A )
W%} Q1% B Z70] 1 gk, o]8] £ 0% 555
YRz EaEs AAEe 240 o AAEA S o)
5l =A5}a]
Sto] =A519iTh @) Temperature Sensor b) TES 1333 Solar Power Meter
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Table 3. CFD Simulation Model and Boundary Condition

Contents Detail Contents Detail
Program STAR-CCM+ Domain Size 1,500m x 1,500m x 500m (X, Y, Z Axis)
Equations RANS(Reynolds-Averaged Navier-Stokes) State Steady State

Turbulence Model Standard k- € Model z

Buoyancy Model Boussinesq Approximation U= U"(7>n

Multi Region

Region Set up (Connected with each region using Internal Interface)

U : Wind Velocity at Height Z (m/s)

U,: Wind Velocity at a Reference Height Z, (m/s)
Z, . Reference Height (m, 10)

Z : Height (m)

a : Wind Profile Exponent (0.22)

Wind Profile

Mesh Type Polyhedral Mesh
Cell Size 0.25m - 100m
Cell Number 122,230
/////// /}\\\\\\
—_— — - ~~—
\\ \ ~

—
~_ /4{;,%\% Wind Profile
>< T
N—

\':‘7

%52;:\ =

a) Detail of CFD Simulation Model
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2]}l Boussinesq Approximations ©]-835Fth. o= A2t &
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"k | Afglo) ot 12 o B 7] 7o thgh A4 74-2 Wind Profile 54
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ALAFES] CFD AlEd 0] A-8-2 25%2] LAt Al AW
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Table 4. Comparison of the Measurement Temperature and
Simulation Temperature

Floor Measurement Data (°C) Simulation Data (°C)
4F 16.37 15.75
3F 16.52 14.92
2F 15.60 14.25
1F 13.70 13.95
Average 15.55 14.72




of
>+
fot

4 & Temperature
(c)

25

3 A 20

é 15

2 A

10
—Simulation Data
A Measurement Data

5

1 S L

12 14 16 18

Temperature ()
Fig. 2. Comparison of the Measurement Data
and Simulation Data (Validation Result)
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Table 5. Factors of the Case 1 and 2
Factors Case 1 | Case 2
Wind Velocity (m/s) 0.0, 1.0, 2.0, 3.0, 40 (At 10m Height)
Wind Direction S (Annual Average Wind Direction)
Outdoor Temperature (°C) -5, 0, 5, 10, 15, 20

50, 150, 250

Transmission Solar Radiation NA

in the Cavity (W/md)

Velocity j"]

(m/s) t
0.30

==

0.24

0.18

0.12

e

—

%o

0.06

prE

0.0 1)

Fig. 3. Simulation Result (Temperature)

Fig. 4. Simulation Result (Velocity)

0|2 71207 5C A0 7 5THHA 6714 A= A A5tAT}
FET T A ﬂ A F T gh(1,000W/m?) 2] 25%
£ 7|&2 2 3714](250, 150, 50W/m?)E Z-g-5lo] A48t
7. 84 #n

7.1. Case 1 24 A3 (SRl o3t &71%)

QR 7)5F &I Wstol| 2 FFF BV 24 (Case 1) AT

1A Rl QR V| /7 EEE 7| F O R Sho] EESHY]
Fo| &I ARt Aot 2] bkt A w
F55 At 371857t Stoke HlEHBAIE ES
ATt Q7|7 & 5ol ahak Aet i) oFE AH= o,
0.17, 0.48, 0.94, 1.56 Pa® W3} A=o] 37 Lrepubz|ak A1 7¢
237 81420, 11.28,22.54, 33.38, 43.21 3)/hE AAHA =7}
Sk A 02 e T (Fig. 5)
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Fig. 5. Result of Case 1 (Wind Effect Only)

©Copyright Korea Institute of Ecological Architecture and Environment 727



n>

120

—_

00

0
S

o
S

Air Change per hour(1/h)

35

30

15

10

2 3

‘Wind Velocity(m/s)

——5C_ACH —8—0T_ACH —4—5%_ACH
—+—15%_ACH 20T _ACH -<--5%T_AT
-A--5%_AT -H-10C_AT - M=-15C_AT

Temperature(Tea-Tout, C)

——10C_ACH

-{--0C_AT

-0--207C_AT
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(Wind and Buoyancy Effect)

Air Change per hour(1/h)

Temperature(Tea-Tout, )

‘Wind Velocity(m/s)

—+—_5C ACH —®—0C_ACH =—#*—5C_ACH
-0--_5°C_AT

-K--15"_AT

—#—15%C_ACH
--A--5%T_AT

20%_ACH
--X--10C_AT

Fig. 7. Result of Case 2_150W/m’
(Wind and Buoyancy Effect)
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Fig. 8. Result of Case 2_250W/m’
(Wind and Buoyancy Effect)

——10C_ACH
-0--0%C_AT
--0--20°C_AT

128 KIEAE Journal, Vol. 15, No. 2, Apr. 2015

140 35

120

s
o

100 25

15

Air Change per hour(1/h)

‘Wind Pressure Difference(Pp o-Pro, Pa)

10
20 4 A . _A______,_.As
‘-..___A______-
0 . . . 0
0 1 2 3 4

Wind Velocity(m/s)

—— Air Change per Hour - - Wind Pressure Difference(AP)
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Table 6. Comparison Results of the Ventilation Rate Ratio

Th'ansmissionnl Velocity
Sl‘:l'a‘rhfag‘a;“t‘; Winda ) | 00 | Lo | 20 | 30 | 40
(W/md) Buoyancy Rati

50 Wind (%) 0.01 | 27.87 | 41.70 | 74.33 | 92.21
Buoyancy (%) | 99.99 | 72.13 | 58.30 | 25.67 | 7.79

150 Wind (%) 0.00 | 14.65 | 24.20 | 40.78 | 67.56
Buoyancy (%) |100.00| 85.35 | 75.80 | 59.22 | 32.44

250 Wind (%) 0.00 | 11.80 | 19.33 | 31.84 | 51.17
Buoyancy (%) |100.00| 88.20 | 80.67 | 68.16 | 48.83
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