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Study on 3D Numerical Analysis of Stack Effect Reduction in Stairwell of Building
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Abstract Stack effect on high-rise building have negative effect on living environment, energy and life-safety aspect. Thus,
it’s necessary to find the measure to reduce the stack effect. As a result of field test on a 31-story building, a circulating

type stack effect reduction technology was developed, which supplies air in the low stairs and discharges air in the high
stairs. To evaluate the performance of this circulating type stack effect reduction technology on building stairs, a 3D numerical
analysis was carried out by using Momentum Loss Model for analyzing leakage flow between compartments in a building.
Consequently, numerical analysis proved that the stack effect on building stairs was reduced by a circulating type stack

effect reduction technology.
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Table 1 Construction state of high-rise building in Korea.
(unit : No. of building)"”

Year 5506 2007 2008 2009 2010
Floor

20-30 floor 428 1,235 816 689 876
Over 31 floor 51 115 173 80 170

Pressure f
Low High
= difference = Hig

Fig. 1 Schematic diagram of stack effect in high-rise building.
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Fig. 2 Location of pressure measuring sensor.

(b) At room
Fig. 3 Photograph of pressure measuring sensor.

Table 2 Conditions of experiment

Case Conditions

CASE 1  All doors are closed

Doors on the 1st floor are opened.

CASE 2 Others are closed.

Doors on the Ist and 31th floor are opened.

CASE 3 Others are closed.
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Fig. 4 Variations of pressure difference between
compartments.
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Fig. 5 Tendency of variation in pressure difference.
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Fig. 6 Air flow in stairwell for reduction of stack effect.
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Fig. 7 Schematic diagram of reduction method of stack
effect in stairwell.
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Fig. 8 Numerical model of stairwell for analysis of stack
effect reduction.
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Table 3 Conditions of numerical analysis

Factor Range
Outdoor temperature -20 - 10T
Indoor temperature 20C
Flow rate 1.0 - 5.0 m'/s
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Fig. 9 Pressure contours on center plane of stairwell
for outdoor temperature of -20TC.
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Fig. 10 Pressure contours on center plane of stairwell
for outdoor temperature of 0°C.
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Fig. 11 Pressure at 11th stair for outdoor temperature
and flow rate.
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Fig. 12 Pressure at 1st stair for outdoor temperature and

flow rate.
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