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Design Method of Natural Ventilation System with Perforated Metal Duct Ceiling
(Part3) Influence of Waste Heat Utilization in Shaft using Flow Network Calculation
with Relaxation Method

OF ) /N SMON TFNED) i R CRIRKRT)
ANBR FNIR S CRBROR ) PEH B (@R
me 28 (HEeREh) R HRER (B EER%EH)
N HER (B EERGT) B L (RRKRT)
Miho WAKASA™  Toshio YAMANAKA™ Tomohiro KOBAYASHI™' Yoshihisa MOMOI ™
Hiroaki TANAKA"™  Takuro FUJII” Masatoshi MORI™® Narae CHOI™
"' Osaka University ~ University of Fukui ~ Nikken Sekkei Ltd.

Installing natural ventilation system in high-rise buildings helps us to save energy consumption of heating, ventilation and
air conditioning (HVAC). In this study, we propose to provide two ventilation shafts of the building with waste heat from
cogeneration system in order to enhance the effect of buoyancy-driven ventilation. To estimate the effect, we create flow
network calculation model with relaxation method and examined the best way of the distribution rate of waste heat by using

the model.
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Fig. 1 System of natural ventilation

Fig.2 Schematic of target building
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Table 1 List of resistance and pressure loss factor ( { -

Type Site Symbol| ¢ —
Birdproofing net, Inflow |Opening g 1.2 — Ventilation
Friction 1 Opening, Chamber & 10.026 ~=- | Shaft
Friction 2 Duct joint G 0.15 * i
Bent 1 Opening — Chamber & 0.40 *I-/_' |
Bent 2 Chember — Duct joint| 0.83 L N
Bent 3 Duct joint G 0.13
Bent 4 Duct joint &G 0.13 —
Extension 1 Opening — Chamber s 0.11 N
Extension 2 Chamber & 0.51 —
Extension 3 Duct joint — NV Duct| 0.29 Ny Opening — Duct joint Beam
Reduction 1 Chamber — Duct joint| (), 0.87 ﬂ NV Duct D Pass Duct
Reduction 2 Duct joint (o 10.028 Fig.4 Plan of NV ducts
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Fig.6 Network calculation model

Fig.7 Flowchart of network calculation
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Table 2 a4 of openings

a‘Ainlet[mz] 1 . 5 3
aApaxs [mz] 0.80
aAdamger[mz] 0 . 7 1
aAexhau.vt,/ower[mz] 4 45
aAexhaust, ugyer[m2] 4 45

Table 3 Boundary condition

Outside Temperatute [°C] 18

Wind Windless
Specific heat [J/kg + °C] 1,006
Heat generation (Office)[W/floor] 10,120
Heat generation (Total Waste Heat)[W]|130,000

Airflow rate (x10°m?/h) Airflow rate (x10°m?/h)
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Fig. 9 Airflow rate distribution )
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