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Evaluation of Airflow Control Capability of Natural Ventilatorswith Various Dampers
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Naturdl ventilation technique could be the subdtitute for or
the complement to the local exhaust ventilation system in the
senee of protecting work environment. Moreover, it has many
srong paints; dmost no mechanicd parts, no energy useand no
noise. If applied appropriately, it could have the very high
ventilation rate and save alot of energy expense. B, it depends
on the outdoor environment, espedialy temperature and wind
Soeed/direction. Predicting the capadity of naturd ventilation is
nat an essy job because it comes from both buoyancy and wind
effect. Another problem istoo much flow through the ventilator
especidly in winter time due to too much difference between
indoor and outdoor temperature. Thus some ventilators in
indudtries are seded by door or pladtic sheet, resulting in bed
work environment. Varioustypes of dampers are used to control
theflow rate through ventilators. The capabilities of flow control
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by damper has not been estimated. In addition, it was not tested
whether the damper could obstruct the flow through ventilator
when fully opened. To answer these questions, 4 types of
dampers were tested by using computationd fluid dynamics 10
different configurations indudes no damper, full open and half
open. Flow rates were estimated and airflow fields were
andysad to darify the before-mentioned questions. The dua
type damper was the best choice for controling the capability of
vertilator. In addition, the upward grill type damper wasthe best
for not obdructing thear flow when fully opened.

Key Words : natural ventilation, gravity ventilator,
computationa fluid dynamics, damper, flow
control capebility
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(@) grill type damper

(b) butterfly type damper

Fig. 1. Schematic diagrams of grill and butterfly type damper.

(b) full closed grill damper during winter
Fig. 2. Seasonal operating conditions of grill damper.



il

7) Wgeole] i vhoket Fee] £ 208 WS 4
A3 gIek AAR] WeAOIEI ] v] FE 245
9180 451 S Fg. 134 o] 1 (gil) Hh vl St
o] (utely) o] <1H4jo] e

TR 3 299 BAE QAT AN #7h-79)
B AL PS5 BAE Y sk ek, ofe] )

it

o]t}

Fig. 2= Efolo] 37 5ol 188 Woi7h AA e 323
A%k Wi golg ZEd], ol Fdel= 18-& 100%7)
ekl Az dells & Basto] AR Foll vk o] 3
oAM= dA A 12 |99 7 o] 4&sHA o
FOIAA| ¢fot Ao §uE ¢hxds] Yo g A2 ARg-st
L glef, A4 o] Aj ol w s ofgkE s 9l
o] ¥ aL gl

5 BlE ST q e B2 el AAIH L A
i 2 5 9SS detslAl Fell aEAe
AREIA] Frahe 737E Wk 71 el Adg] |
dellolE 9 &7] 285 T/t B4l I3
S|, AA AR AR S0 met Adeky] Wid o H 9
g= AdsH s X8 Aol AA7E 2718t
AL AR F7F AR A7F AT o3 A
= dldshy] sleliMes Ao AR ol 7k
g ¥ E sl Zlo] FRTE T s A Hi
Felloll w2 7] 545 Bkt AR e AF-e A4l

uehA, 2 Aol s v e o) 7 288 W 9
1 aES Hrlkete] A5l S71% vt gl AeA
of| 7] o] At ¥ JejE A skl k.

I R

(a) Schematic diagram of gravity ventilator
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(b) Gravity ventilator installed on thetop of industrial building

Fig. 3. Gravity ventilator type for this study (Sungsan engineering, 2004).
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Prototype ventilator without damper(a)

(b) Full opening (c) Half opening to windward direction  (d) Half openi ngtkeward direction

Type A (Single damper)

n

(e) Full opening (f) Half opening

Type B (Dua damper)

(i) Full opening (j) Half opening
Type D (Upward grill)

Fig. 4. Schematic diagrams of various damper types.
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Fig. 5. Control volume and model building.
Table 1. Numerical variables used in this study

Variables Conditions
Temperature difference between building floor and outdoor air (C) 30
Wind speed (m/s) 2
Wind direction (degree) 90
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Fig. 6. Boundary conditions for numerical simulations.

(@) cross-sectional domain of building

(b) domain of ventilator neck

Fig. 7. Mesh generation scheme (Type D).
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Fig. 9. Ventilation rates with various damper types and opening rates.

Table 3. Flow rate variations compared with prototype ventilator

Estimated ventilation rates of full

Percentage flow rates compared with prototype

Damper types opening(m*/min/n) ventilator(%)
Prototype 194 0
Type B 19.1 9%
Type C 147 76
TypeD 23.2 120
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Table 4. Ventilation rates control capability by damper types

Estimated ventilation rates Flow rate variation (%)
Damper types (memin/mp?) (@-D)ID) x 100)
Full opening®D Half opening@

Type A(c) - opening to windward direction 152 18.9 24

Type A(d) - opening to leeward direction 15.2 13.6 -11

Type B 191 12.7 =34

TypeC 14.7 14.1 -4

Type D 23.2 23.7 2
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(e) Full opening
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flow vectors and flow patterns : type C (downward grill).
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