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Evaluation of Ventilation Efficiency for Various Gravity Ventilators
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ABSTRACT: Gravity ventilators allow the escape of the warm air and air contaminants due
to both (either) buoyancy and (or) convection. As a natural ventilation strategy, various gra-
vity ventilators can be installed on the roof. Ventilation efficiency could be affected by various
parameters, such as, area of openings, wind velocity and incidence angle, temperature differ-
ence between inside and outside, and shape of ventilator. Especially, the shape of roof gravity
ventilator might be one of influencing factors for the effective ventilation. The window type
gravity ventilators are frequently installed instead of general (standard) gravity ventilator.
However, the ventilation efficiencies of them were not proved yet. To compare the ventilation
efficiency, general type ventilator and two window type ventilators were numerically tested.
Mean age of air, temperature and CO concentration were predicted by using commercial CFD
code, AIRPAK (Ver. 2.0) with various conditions. The predicted result showed that general
type ventilator is more effective for natural ventilation than window type ventilators.

Key words: Natural ventilation(}¥9$7]), Gravity ventilator(x}9 7] wid g o)¥), Computa-
tional fluid dynamics(H A5 4 &), General ventilation(A A &7])
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(a) General gravity ventilator

(b) Window type (awning
window) gravity ventilator

(¢) Window type(sliding

window) gravity ventilator

Fig. 1 Three types of gravity ventilators used in this study.
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(a) Type 1: General ventilator

(b) Type 2: Window type
ventilator (awning window)
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(c) Type 3: Window type
ventilator (sliding window)

Fig. 2 Configurations of three different ventilators.



AAsz) W

ud
&

o] Bl

Table 1 Open and neck area for three differ-
ent ventilators

T Open area (m*/m) Neck area
ype a b | Total | (m’m)
Type 1 [0.28x2]042%2| 14
Type 2 3
0.7 0.7 1.4
Type 3

o2k 2y el 26 HEolch
meta, B dfdMe dwd W
HElgolee #Ar|g &L vy 4

3171 HSH Fig. 29 Table 1o Yebd ubet
geolg Zold HHE WAy AW
41} 3m’/m3% 14mY/mez 93t

i)
&

| o]

e

i)

2
o
g
=

o

N o
\]
T o

i
o
g

F

8t
o
10

«
4

3. x5 4

AA% Ui He Frly 2m7t B2 52
ZHolA FF . EL wE widdole e
71588 Horsidoh #7128 AYF A
o) Wi F7]D%(mean age of ain)e ©l &3
wd, dd Fr1dEe g7 794 g719 F 4
W oo AHAR 2EHE AR HiE &
7198l goe AL YFAA4 F99 71H%
A9 R AAHH Aoks AE 9wy

Fol gr7jage] ¥ HAog Hzy £ drh
W oolw Agefrel Had FridHEE o

A% A
&3 2ol 4od 4 Uk

z,,=f0°°t(t)¢dt =f0°°(1—a)(t))dt 1)

A7, ¢(t)e AdRNETF(age frequency dis-
tribution)ol 2, @{#)E 3 FHE X (cumulative
age distribution)olt}, ZEz}old <jg $r|a &
S #Hrbslzl S8} 3die fEl=rr MAE B
gy AA WE HEE 2 LEEAFEE o
Zslo] Widdols] Jeid #7158 kst

%

3.1 R4 Y

Adgr] Aoy WFE 2 FEEHL
s4317) A8 48 FAe4 Zza9 AIRPAK
(Ver 200% AH&3H9th. AIRPAKSIAE 4%, &

deje) g @EE @7} 545

Oi] Lﬂxl 44L& Navier-Stokes WA 2 2] 3}
T, dRFE daMe Ex
1% o] g3|A FE) olitsl WHoR
%@Zﬂ ¥ (Finite Volume Method)& A}&3}
2, 5% Mg ¢Ysire SIMPLE(Semi-
Implicit Method for Pressure — Linked Equa-
tions) ¥nAFE ol &34t FHFEAHAL 7
E d7dM ZAYF R TIRd S o HF
7t 428 EF k-e RdE ALy ©

oA R R I
b
o
ol
ﬁ S

32 MA@ AMAX

Fig. 33 o] B A7 8" AEAHL
50mXx25mx95m(LXWxHelx, AL ¢
Ao A AL 100mX75mX25m(L X WX H)elth, A
A APz d7E Y& FEE updEy
1/20 ol AXxE Ho U7l dEa(dE:y
Al#E A51% 28, vtgdEAGOmx25m)Y 1/20
ol 25m’E FEWA 0T HA}HT A
F Aoz RE 15m Aoy, AE Aol
(z= vgherw ¥ JudE RoZ s Y.

Fig. 4= W€ o]y FHelo] w2 odE8FH
d wWi71E2gE HEy] 8l FAA R &

25m :

9.5m

100m S0 25m

~2® 75m

Fig. 3 Model building and control volume.

y Meltmg furnace
z

Fig. 4 Location of melting furnaces for heat
and contaminant source.



546

. ] | BRI S T i ; |

(a) Whole domain

N 1O

—==
e | 4

(b) Ventilator neck

Fig. 5 Mesh for numerial solution of type 3
ventilator.
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Table 2 Test variables and their conditions
with furnace

Conditions
Furnace 1800
Outdoor 15
Wind speed (m/s) 05, 2
Wind incidence angle (degree) 90
CO concentration Furnace 500
{ppm) Outdoor 5

Variables

Temperature (C)
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0.5 ¢ 1

l\\\ -»Type 1 -=Type2 I
\&:W

0 1
Nt

-0.25 Wf::}
|

-0.5 1 1 1 1 1 1 1 1 1 1 i 1 i 1 1 L 1 11 1 j

1 5 10 15 20 25 30 35 40 45

Z directional distance (m)

o
n
[543

e L

Y directional velocity (m/s)

Fig. 8 Flow direction of ventilator neck with
wind incidence angle 0° and wind speed

2m/s.

A o]elQl Type 1ol FEH wgolgrn
#7158 &0l TR ET Aoz ey

Fig. 8& 3% 0°, 3% 2m/s¢Y o) Hedold
SRE JIRE HYT Aoz FHo) ()
94717 ALdF UEE fdEe A& 9y
. Type 1ol uvl8] Type 29 Type 3914 9
d& =7t Wz A Yehd A7 FYFe] g2
T Atk AEH HJYPeA uiF@o] & 7
g ddeolgo) s Fx7 BT F
defolelz 977t g4 FY=Ee 393
7ld3ol ol Aoz FdP,
Fig. 9% Z& &3 wddoly o= &
geo] wet Fr|EE&A) ZA U 4U9S
otz fa) F& 2m/s, T 90°Y W, Type

to o £ fo

off & [

d

£ At o b N ook X

-z oft



54

&)
ot
8
m

y
£
oft

Z
7

L 2w ey e
’%%/ ) - 7??5///// |

\
\

\\
o\

ay \
iy 1

(a) Type 2 (b) Type 3

Fig. 9 Flow vectors for window type ventilators (wind speed 2 m/s, wind incidence angle 90°, Z=25m).
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Fig. 13 Flow vectors for type 3 ventilator with different wind speeds (Z=25m).
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