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Control of Natural Ventilation Opening to Keep Energy
Saving and Thermal Comfort in Office Room
(Part 3) Necessity of Maximum Natural Ventilation Rate Control
in Perforated Ceiling Duct System
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In recent years, the number of office buildings that introduce natural ventilation (NV) is being increased to reduce
cooling loads. However, when NV is introduced, indoor thermal comfort depends on the inflow conditions of outdoor
air. In order to achieve both energy saving performance and thermal comfort, it is necessary to understand the relation
between NV conditions and the indoor environment, and to set the upper limit of the ventilation air volume. In this
paper, the indoor environment is evaluated changing NV conditions by using CFD analysis, and propose the necessity
of setting the upper limit of ventilation air volume and a prediction method.
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Table 2 Internal Heat Generation

Internal occupant

60 [W/person] X 8 [persons] =480 [W]
— 31.9 [W/m?] at the occupants surface

Heat generation rate
15 [W/m?] X Floor Area [m*] = 672 [W]
— 700 [W/m?] at the PC surface
Light
10 [W/m?] X Floor Area [m?*] = 448 [W]
— 160 [W/m?] on the lights (Type 3)
156 [W/m?] on the lights (Type 4)
— 5.07 [W/m?] on the floor (Type 3, 4)
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Fig. 2 Mesh layout (vertical section)
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Table 1 CFD analysis condition

diffuser 50 300 50 Type 3 Type 4
. - ) Turbulence Model SST k-w Model Standard k- € Model
Upp e‘_/zﬁr ‘ B—=""T3 Algorithm Coupled SIMPLE
Ag %Ifrluostat Discretization Scheme -
Bottom iffuser o Ak e T Second Order Upwind QUICK
* Bottom [mm] Total Number of Cells 1,382,830 1,004,800
Fig.3 P.V.surface domain Density boussinesq polynominal
Table 3 Studied cased in parametric study S Y =-9.80665

To [°C]

14, 16, 18, 20

Table 4 Natural ventilation air velocity
Q [m*/h] 50 100 200 300 400

Q [m¥h] (N [1/h])

Type 3 [m/s] 0.003 0.007 0.013 0.020 0.026

50 (0.40 ), 100 (0.80 ), 200 ( 1.59 ), 300 ( 2.39 ), 400 ( 3.19 )

Type 4 [m/s] | 0.069 0.139 0.278 0.417 0.556

Table 5 Supply air flow rate from mechanical ventilation

To [°C] 14 16 18 20
Q [m¥h] 50 | 100 | 200 | 300 | 400 [ 50 | 100 | 200 | 300 | 400 | 50 | 100 [ 200 | 300 | 400 | 50 | 100 | 200 | 300 | 400
Total supply flowrate
from mechanical ventilation [m¥/h] 420 | 360 | 240 [ 120 | O | 430 | 380 | 280 | 180 | 80 | 440 | 400 | 320 | 240 | 160 | 450 | 420 | 360 | 300 | 240

Table 6 Velocity on P.V. surface

To [°C] 14 16

18 20

Q [m¥/h] 50 | 100 | 200 | 300 [ 400 | 50 | 100 | 200

400 | 50 [ 100 | 200 [ 300 | 400 | 50 [ 100 | 200 | 300 | 400

upper [m/s] | 2.87[2.46 | 1.64[0.82[0.00[2.94[2.59 [ 1.91

1.23(0.55(3.002.73 [2.18 | 1.64 [ 1.09 | 3.07 | 2.87 [ 2.46 | 2.05 | 1.64

bottom [m/s] | 0.75]0.65 [ 0.43 | 0.22 [ 0.00 | 0.77 | 0.68 | 0.50 | 0.32 [ 0.14 | 0.79 [ 0.72 | 0.57 | 0.43 | 0.29 | 0.81 [ 0.75 | 0.65 | 0.54 | 0.43
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Fig. 4 Temperature contour
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Fig. 5 Relationship between air exchange rate and ADPI
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Table 7 Maximum air exchange rate from ADPI

To[C] 14 16 18 20
Ti- To ['C] 12 10 8 6
Type 2 [m*/h] ([1/h])| 82.8 (0.66) | 141.7(1.13) | 156.8 (1.25) | 319.9(2.55)
Type 4 [m*/h] ([1/h]) | 210.7 (1.68) | 289.8 (2.31) | 367.5(2.93) | 668.4 ( 5.33)
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Fig. 6 Maximum air exchange rate
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