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Development of a Natural Ventilation Model in a Single Zone
Building with Large Openings

Seok—Ho Cho'
Department of Environmental Administration, Catholic University of Pusan, Busan 46252, Korea

Abstract

A model has been developed to predict natural ventilation in a single zone building with large openings. This study first
presents pressure-based equations on natural ventilation, that include the combined effect of wind and thermal buoyancy.
Moreover, the concept of neutral pressure level(NPL) is introduced to consider the two-way flow through a large opening.
The total pressure differences across the opening and the NPL are calculated, and nonlinear equations are solved to find the
zonal pressure to satisfy mass conservation. For this analysis, an iterative technique of successively approximating the zonal
pressure is used. The results of applying this study model to several simple cases are as follows. When there is no wind
and only the stack effect is caused, a one-way flow occurs in both the top and bottom openings in the case of two openings
of equal-area, and a one-way flow occurs in the top opening; however, a two-way flow occurs in the bottom opening in
the case of two openings of unequal-area. When there is a wind effect, regardless of whether the outside air temperature
is lower or higher than the indoor air temperature, air flows into the room through the bottom opening and out of the room
through the top opening. As the wind velocity increases, the wind effect appears to be more influential than the stack effect
owing to the temperature difference.
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Fig. 1. Geometry of the flow system of single zone building.
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Table 1. Data of zone and opening in single zone building
Case 1 Case 2 Case 3 Case 4
Floor height [m] 0 0 0 0
Zone 1 Ceiling height [m] 10 10 10 10
Temperature [ C] 20 20 20 20
Bottom opening [m] 10 x (0, 1) 5x%(0,2) 2.5%(0,4) 5x%(0,3)
Opening
Top opening [m] 10 (6,7) 5x%(6,8) 2.5 (6, 10) 5%(6,7)
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Outdoor temperature[ C | Outdoor temperature| T |
..... Etheridge et al © Casel A Case2 X Casel =====Etheridge et al 0O Casel ® Case2 + Case3

(a) Airflow rates through bottom opening

(b) Airflow rates through top opening

Fig. 3. Predicted airflow rates for a single zone building with two equal-area openings
(indoor temperature = 20°C, Vo = 0 m/s).
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Table 2. Predicted NPL for a single zone building (indoor temperature = 20C, Vo = 0 m/s)

NPL [m]
T} ytdoor [Tl
Case 1 Case 2 Case 3 Case 4
10 3.4481 3.9489 49523 2.3277
11 3.4534 3.9541 49572 2.3293
12 3.4587 3.9593 49620 2.3309
13 3.4639 3.9644 4.9668 2.3325
14 3.4691 3.9695 49716 2.3341
15 3.4743 3.9747 49764 2.3357
16 3.4795 3.9798 49811 2.3373
17 3.4846 3.9849 49859 2.3389
18 3.4898 3.9899 4.9906 2.3405
19 3.4949 3.9950 4.9953 2.3421
20 - - - -
21 3.4949 3.9950 4.9953 2.3421
22 3.4898 3.9900 4.9907 2.3405
23 3.4848 3.9850 49860 2.3390
24 3.4797 3.9800 49814 2.3374
25 3.4747 3.9751 49768 2.3359
26 3.4697 3.9702 49722 2.3343
27 3.4647 3.9652 49676 2.3328
28 3.4598 3.9603 49630 2.3312
29 3.4548 3.9555 4.9585 2.3297
30 3.4499 3.9506 4.9539 2.3282
whebd 97| 2wrt AYEs| R Yhe mi uhet
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Fig. 4. Predicted indoor pressure for a single zone building
with two equal-area openings(indoor temperature =

20°C, Vo =0 m/s).
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Fig. 5. Predicted airflow rates for a single building with two unequal-area openings
(indoor temperature = 20°C, Vo = 0 m/s).
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