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Abstract

This study evaluated indoor environmental characteristics in an office room equipped both with ventilation win-

dow system and central cooling system. Fresh air is supplied only by the central cooling system whereas indoor air

is discharged outside through both ceiling diffuser and a ventilation window system. Numerical study is conducted

by changing the volumetric flow rates of exhaust ports of each system. For estimating the performance of this cou-

pled system, CO, concentration and Predicted Mean Vote (PMV) were calculated using Computational Fluid

Dynamics (CFD) simulation. The more the ceiling diffuser exhausts indoor air, the more the CO, concentration

decreases. However, when the ventilation window system exhausts more indoor air, thermal comfort level gets

improved in the office room with cooling system. Therefore, when the ventilation window system is operated, the

coupled operation with central cooling system should be considered for enhancing indoor air quality and thermal

comfort, together.
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o], 191 8 golele] A7) ek Bao] 7kt
53, 53 FF, @715, $5Y 59 4L T
W =5 (Sick Building Syndrome; SBS) &7} &
7¥edol wet £AE 9@ AR AE9] oA dof

T oopet AT AUE71dE RS Aol HE
ZFQ A3l Qlth(Lee et al., 2013a; Burge and Hoyer,
1990). o]t HE £0]7] Hsf hF2] A=A
= W o] &35t A 715 VNI 7IAEY
A A"E ARG U AY 37184 571 2
v 7]e] 4], AW 7157 B, 35, AW 5
et AYHER |z doks fleiAa= AL
o] A& ARl o]go] Baslrt. o]5 3 T A=
AR 2BE Hadfstes FAO A 97 A4
7 F713E AA] FANZ = e oS FH Y
7N A" AR Qi o] FoAE FEF 2]
AEFE 7]E o SN AFE Tt A
= HoAE Al A& 771 golste, A 017t
7FestE R o|A] A= antAel Aoz dHA
Qlth(Lee et al., 2013b). T3F A% 0] AEof 2] E o]
HE dZo] BashA] gouz "HE ¢ 27}t

T, B2 B3l RIS o] FHFE) 437

© 2 T &&= FA|o]th(Chang and Kim, 2011).
FoAEH g 752 R FeFAT =

A Azol g d@deH 22 I S4S A
© 2 Y E A (Gléser and Ulrich, 2013; Jeong e al.,
2013; Van Den Bergha et al., 2013; Werner and Roos,
2007; Oreszczyn et al., 1989). ZLofl&= 3H7|3F F o

£ AY 5% 3712 1287 2 A o7} st
A3 AAE 27X 2" A7 F7Hekn JAeH(Kim et
al., 2011; Kim et al., 2006). FE LA E 7| A AEHS

Qa7 YA YT B71%E Susks Ro| B
—‘1 ], AAgk7|of B wf7jde E3tsto] o]§s)
HkAlo] & o]F 11 QIth(Kim er al., 2006). =3+ I
28|e HRoz Sus) e FEANF @
ZINAE ol & - vi7] W d A ugr|E dA)st
1 olE B FEFUY W5 AT APEE
A|A =) JTH(Sung et al., 2012; Chang and Kim, 2011).
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ke Q5| AMR-E]7] wjEof(Hwang et al., 2012; Kim
and Lee, 2005) A EA2 st 35 ARE 87

avpgol 3
1

AR FHYY A2 @A L] gt @
771 waste
= ATOIAE FFY A2xTo] HAY A AT
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AUEA L o&317] 8 AARFA S8 Computation-
al Fluid Dynamics; CFD)& ©]-&3%t 3214 "5(]3“*']9‘
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Fig. 1. Configuration of the test office room.
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Fig. 2. The schematic designs and the components of
the ventilation window system.
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Fig. 3. Configuration of the test office room with the ven-
tilation window system.

P Aswe Ba AW BEe 2w 3%
5 719 A7 AR Ele] glom, o] & F7)7
2ol A7ke Al 7T BRI W AHe
ol gtk & AFo) 2 gstud s FEAAY 3
A2gE a7 20 vehgion, & - vi7) Wt A
w7 F50] 9] ol o] 242 WX =le} gck.
FANAE A FEAA 1A A0L 19 33}

ot
X
2

wx
O </ U

I

ol
Al

Table 1. Test cases.

The ratio of volumetric flow rate of exhaust air

The ventilation

Diffuser on the ceiling window system

Case 1 1 0
Case 2 0.75 0.25
Case 3 0.5 0.5
Case 4 0.25 0.75
Case 5 0 1

Zo] ARRA Frtel] Hgstgon, W Al AR SR
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A 2dE B3l vi7|EE v&o] SUIelES stglem,
Case 59A= FE YA Y VA AH 20 Ay 37
£ MESIES St ol Zt Case® BF F F7IF
3} w71 1 ACHR UA3HA| FAISHATH TS A
A AR A" F AHe] dFAl dal F71et
7179 A& 71E3 2] YAE vHro] AlEH oA
< FPstq o, ol AW ¥ Al 89 24 B
QAR 7|5 Aot Aol 3 HH Yol =g

r

HAALS 20 dERiglen A4 A, 2 4
A A 3R 25l

29 Agetgon], 4y 3719 Reans e5
WA sagrom A SANAE et 7
AxAL E 3o Yetfich 9] AP EAES &
7] 938l CD-adapco Al A8 CFD =91 STAR-
CCM+2 olgaheleh. XEA 4] Ate 9la)
SIMPLE &1 8]&S AR5} S (Versteeg and Mala-

J. Korean Soc. Atmos. Environ., Vol. 31, No. 4,2015



388 WS- PYF

Table 2. Governing equations and model coefficients.

ad
Continuity equation ai(Pu,) =0
'Xl
. ad P 0 du;  dy
Momentum equation —puu=——+— [(/4 +u,) (_+ _)] +S,
ax; dx;  ox; dx; ;
. d o/ u  uy 0T
Energy equation —(pu)=— [(_+ )_] +5,
ax; ax; I\ o, 0,/ dx;
e . d u o\ 0C
Mass diffusion equation —(ou,C)=— (_+ _) —|+S,
; ax; [\o, 0o,/ dx;
. . d ryutu, ok
Turbulent kinetic energy equation (puk)=— ( —) +G,—pe
ax; ax; o, Ox;
o . o d 9 jutp e £ &
Dissipation rate equation of Turbulent kinetic energy —(pue)=— (— —) +C,,—G,—C,,p——pR
ax; dx; o, Ox; k k
where,
K u;  duy\ Ou; (L =niny)
w=pC,— G,=u, (7/+ 7) —,R=C,~—————
€ dx;  dx;) ox; 1+67n
_ Sk S=(25.5 )u/z S= 1 /0u, + du;
PR ij_2<8x, ax,-)

C,=0.0845,C,,=142,C,,=1.68
6,=0.719,06,=0.719,6,=10,0,= 1.0, =0.012, 5,=4.38

Table 3. Boundary conditions for numerical calculation.

3
Inlet : k= > (u, 1), &,=C) kK"*1,1=0.1,1=0.5D,
]
Outlet: —¢= 0
ax;
o
Wall % _
on

where D, is the width of inlet.

lasekera, 2007; Patankar, 1980), B2 AAF A] dj9] 4=
HAEE Bt sl 24 ARfolA Hape] gho] =
T 107 olgtel| =dsld fEE ZoR wsigict
S|4 mdlol A= oF 13009 719 BlEd AR
2 A5k ol 3719} CO,= o] A7IA= 715t
qom, £ AE A AHEE 3719 CO,9 E4A
= E 4o Yehfigith

AHFAL Y] AU s S Brkshr] 93t Al#=2E CO,
=9 dAEFLG 7 (Predicted Mean Vote; PMV),
2 LEAE 0|85t CO= F7IF0lA 35
£ 3719 QA T5& B AR AutEn, A
W 7]&& 1000~ 1200 ppm©]tH(ASHRAE, 2013).
PMVE QA9 thiAkE, o159 dAgg, AF2=, 3

Fa7IS A A 31 H A 4 =

Table 4. Properties of air and CO, for numerical calcula-

tion.
Air co,
Dynamic viscosity [N - s/m’] 185107  149x107°
Molecular weight [kg/kmol] 28.97 4401

Specific heat[J/kg - K] 1007 851
Thermal conductivity [W/m - K] 236%x107 1.66x 107

TEARRE, 7| R&E, S gt YRS FEHO=
st} A7 =7l 94 WA AFEA A
EE 9u]gthISO 7730, 2005, 1994). PMVE A(HE
Uehd 4= 1o, dutEor dos %t s
—0.594 +0.5 Ato]Ql A¢-2 A7t

PMV =1[0.303exp (—0.036M) +0.028] L (1)

where

L=M-W)=3.05x107[5733 —6.99(M — W)
—p]—042[(M—-W)—58.15]—1.7
X 107°M (5867 —p,) —0.0014M (34 —T,)
—3.96x 107*, [(T, +273)* = (T.+273)"]
—fh(Ty —To)
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T,=35.7-0.028 M —W)—1,{3.96x 10— 8f,
[(T,+273)" = (T, +273)" ]+ f,h (T, — T)}

3 { 2.38(T,— T\’ for2.38(T,—T,)’">12.14v
2w for 2.38 (T, = T,)*® < 12.14v

3 { 10+1291, forI,<0.078m’°C/W
7 11.05+0.6451, forI,>0.078 m’°C/W

ojf M2 A hARE(W/m?), W <5 (W/m’),
L& 259 AFm’°C/W), f& 2] A] i =3
WA HE, T, o8 #H2E(°0), T2 37|%=(°0),
T& B+ BARRE(C), po= 57|12 (Pa), hi= Hf
FHHGARW/M °C), vie F&(m/s)E 2Ju|gict.
AUt dHoz HAe e BoEE Kol
of e SEATL 2 A9 AUAE 91 BARE =
2 % gtk ool glol qli= AR B (e 9 0.1
myol A H2(aFEk 9] 11 m) Aol 474 LEAE Al
Herom, ASHRAE (American Society of Heating,
Refrigerating and Air Conditioning Engineers)oj| A+
A 2AL 3°C o]5}= HASIHASHRAE, 2013).
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Fig. 4. Locations of the measuring points in the test
office room.
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Fig. 6. Averaged CO, concentrations of the simulated
cases with air cooling system.
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Fig. 7. Air path lines with CO, concentration: (a) Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5.
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Fig. 8. CO, concentration distributions with air cooling system in the plane of x=2.1 m: (a) Case 1, (b) Case 2, (c) Case

3, (d) Case 4, (e) Case 5.
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Fig. 9. CO, concentration distributions with air cooling system at 1.1 m above the floor: (a) Case 1, (b) Case 2, (c) Case
3, (d) Case 4, (e) Case 5.
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Fig. 11. PMV value distributions with air cooling system at 1.1 m above the floor: (a) Case 1, (b) Case 2, (c) Case 3, (d)
Case 4, (e) Case 5.
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Fig. 12. Averaged vertical air temperatures between ankles (0.1 m above the floor) and head (1.1 m above the floor)
Case 1, (b) Case 2, (c) Case 3, (d) Case 4, (e) Case 5.
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