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ABSTRACT: Energy efficiency and indoor air quality have become main issue to develop healthy
and sustainable building in these days. As an effort to reduce the energy consumption in multi—
residential building, many attempts as like passive design strategies and renewable energy as well
as active control method are tried. However, underground parking lot in multi-residential building
seldom adopt the sustainable strategies and only mechanical system is installed as usual. Moreover,
the mechanical system installed in underground parking lot is rarely operated due to the electric
demand for operation after completion.

In this study, as an energy efficient measure, natural ventilation system using stack effect as a
driving force for underground parking lot will be proposed and the performance of the suggested
system will be analyzed by simulation method.
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-Underground Parking Lot
“Volume(with Pit) : 102,432

Ramp(A)

aw
| O

Fan Room

-Fan Room : 29,953CMH x 4

Airflow Path

-Ramp in the second basement

level : 36m'(A)

-Ramp at the first two level :
36 mi(B)

-Dry areal : 22mt

-Dry area2 : 14n'

-Dry area3 : 27.5m'

(a) Second basement level parking lot

Airflow Path li Fan Room
-Ramp at the first two level: | F31 Room :
36 m(B) 33,051CMH x2
-Ramp in the first
level : 36m'(C) {

(b) First basement level parking lot

Fig. 1 Structure of underground parking lot
and location of fan room.
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Fig. 2 Method to improve ventilation
performance in the underground
parking lot-concept of natural
ventilation.

< Specification >
Lmateral : PVC

Outdocr Air

Lighting
Ventilation &

3 Height above the ground : 3m  Ligting System_ o

2.Diameter : 600mm

4Roughness : 0.03mm —J
Introduced ’)

Outdoor Air
= 3600

Exhausted
Indoor Air

Connected in the first basement floor
1000|
o2
> 4500
= 1550

Connected in the second basement floor

Underground Parking Lot

Fig. 3 Specification of ventilation vertical
duct and ventilation and lighting
system for natural ventilation.
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-Underground Parking Lot
~Volume(with Pit) : 102,432m

Ramp (A) \‘

" Ramp ()

Aificw Path-Base Cise ' T R ——— o)

-Ramp in the second basement -Air Ventl : 8.19m"

level : 36ni(A)

-Ramp at the first two level :
36 m(B)

Dry areal : 22m'

-Dry area2 : 14m'

-Dry area3 : 27.5m"

-Air Vent2 : 5.18m’"
-Air Vent3 : 5.81m"
-Ventilation & Lighting System :

0.5m’ x 2
-Vertical Duct : 1.13m" x 5

(a) Second basement level parking lot

Airflow Path-Base Case Airflow Path-Improved Case

-Ramp at the first two level : . N
-Air Ventl : 8.19m
36 m'(B) -Air Vent2 : 5.18m"
-Ramp in the first basement ~Air \_Iema : 5.81m
-Vertical Duct : 1.13m' x 4

level : 36m(C)

Ramp (C)

Lt

(b) First basement level parking lot

Fig. 4 Structure of underground parking lot
and item to improve natural venti-
lation performance.
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Table 1 Simulation condition

Estimating CO Concentration

B2 Bl
Z

Weather Condition

 Sum- Area 6420 m 4041 m’
Winter 3 3
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Outdoor Parkin
Temp. -165 265 & 110 61
;s Number
(C)
Under- Lengt_h of 150 m 90 m
ground Driving
Parking 10 20 -
lot Temp. . CO ' 1.‘1232 0;4378
() Generation CMH CMH

Table 2 Simulation case
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Close

% @getel B A 159

¥ F 3 HS B TS
Mo RE LYEH TEEYY £A% 38

= As 258 971uct g 9
71t grelo] w7 Uehdth #4UE Ae) 257
A8 1% AbololA et o] @] )
#o] the 7)e} AFR wle) A A 253} A
3 19l 22t Six A 371593 FEol B
da7] WEe Aoz peEd. Auctls Ay
YEo Ax F A7} Wl B wel AahE
Aol FAY A5 o FAT el 914
2 e Aew daaont
FA) olF Wale 24 9
=efo] djojelojel A o]
$owHo] AN F7fEFe] A7) wWE Ao
g,
e 7] Eeke] w7} 41RKCasel -2)el1 4] &
T AR % A 2% Aeh 157 F3F el
ZastAl Hol et 1534 91713 Gl A7k o

7] ol

24
TR} ol

Y

fo MN ox o flo o X N

=

o N I = o

0 Zidke AR S Afels HED A3}
Age] 75 71 duTt ANkl M #7FHFE
1A el 7 FER oF 21~41% F7hete o



— =
160 MNAE - o] &
16
14 —— Casel-1
o Case1-2
124 | —¥— Casel-3
Outdoor Temperature -1.6°C
10 | Reference Pressure : Outdoor
E
=
i
(o)
I

-6 T T T T T T
0 1

Pressure Difference(Pa)

(a) Winter-pressure difference in exterior wall

—e— Case2-1
o Case2-2
—w¥— Case2-3
Outdoor Temperature 26.5°C
Reference Pressure : Outdoor

Height(m)

Pressure Difference(Pa)
(b) Summer-pressure difference in exterior
wall
Fig. 6 Pressure difference in underground
parking lot.

Table 3 Result-ventilation rate
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Table 4 Result-airflow rate of each opening

Ventila Ventilati
. Total Air Used-Air Outdoor tion S Suppl Vertical on apd Dry R
isi Case Itll(:)na Flor Rate  Rate Air Rate Growth sgr? Case EEEEUB;Q Duct Lighting Area (z(i)/ror;p
) (CMH) (CMH) (CMH) Rate (CMH)  System (CMH)
(%) (CMH)
59.8¢ - S - - 9,158.6 63,134.2
Casel-] Bl 59829 50829 0 Casel 1
(Base) B2 72293 0 72,293 - E - - 12,461  59,831.4
Win Casel2 Bl 78558 78558 0 3130 Win (o, S 0 0 386185 637706
asel -
ter B2 102,387 0 102,387 41.62 ter E 19,2759 4,554.3 0 78,558.6
Casel.3 Bl 72783 7278 0 2165 N 0 0 248894 634203
asel -
B2 88,309 0 88,309  22.15 E 185085 4,814.6 5377 64,449.0
Case2-1 Bl 41133 0 41133 - S - ~ 83917 41,1342
(Base) Case2-1
ase B2 49,523 41,133 8,390 - E - - 6,194.9 43,331.1
Sum Case2-2 Bl 54,599 0 54599  32.73 Sum Caser- S 8,108.4 0 0 50,969.1
ase2-
mer B2 59,027 54,599 4473 19.19 mer E 0 1,839.2 16,695.7 40,542.6
Case2.3 Bl 45128 0 45128 971 gy S 10255 0 29787 419877
B2 53207 45128 8151 762 e E 0 1850 129446 404226
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Table 5 Result-CO concentration

Average Average
CO CO
Case  Location Concent || Case Location Concent
ration ration
(ppm) (ppm)

Casel-1 BI floor 24770 | Case2-1 Bl floor 1192
(Base) B2 floor 1523 | (Base) B2 floor 3323
Casel-2 Bl floor 2038 |Case2-2 Bl floor 1297

B2 floor  13.06 B2 floor  33.59
Casel-3 BI floor 1929 |Case2-3 Bl floor  11.05
B2 floor  11.52 B2 floor  29.78
Dry Area
Ramp

——

Ramp

Casel-1, Second basement level parking lot  Casel-1, First basement level parking lot

Ventilation & Lighting System
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