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ABSTRACT

In this paper, the effectiveness of natural ventilation in high- rise building
is studied by the network theory of ventilation. Firstly, the relation be-
tween the building shape and the natural ventilation efficiency during mild
seasons is studied. The results show that the building with a light well is
suitable for keeping stable ventilation and indoor thermal comfort. Next,
the effect of nighttime ventilation during the summer is studied. The
results show that the nighttime ventilation can be used to precool the
building structure during the summer night. The paper also shows the
. |results of field measurement .
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!‘!&TRODUCTION

y Natural ventilation can save energy by reducing building heat loads and can
ensure comfortable habitability during the mild seasons even without air con'ditioning.
In this paper, the following two cooling effects of natural ventilation are considered.

1) the energy- conserving effect ( the reduction of air- conditioning period )
§ during mild seasons (spring and autumn) .

. 2) the precooling effect of building structures during the summer night.

I_, Although natural ventilation is generally applied to dwelling houses and low- rise
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«Total floor areas: 45,500 m? O Room{Zone) —Opening *—Opening connecting indoor and outdoor
*Number of floors: 18 floors, 1 basement Fig. 3 Ventilation and Thermal Models of
«Scale of light well: 16m X 16m X 60m the Buildings reperesented by Network

buildings in Japan, most high- rise buildings do not have é;penab!e windows through
which natural wind can blow into office rooms. This is because the available natural
wind is greatly affected by the wind direction, velocity and the building shape;
therefore, high - rise buildings often cannot expect to get stabilized airflow from
natural wind. In order to keep stable natural ventilation effects in the two high- rise
buildings introduced in this paper, i.e., Niigata Prefectural Office ( Fig. 1) and Bunkyo
Ward Office, use of large light wells was proposed. With the installation of a light
well, stack effects of the light well and negative pressure coefficient at the upper
opening of the well were expected.

1. NATURAL VENTILATION IN MILD SEASONS
1.1. Comparison of Natural Ventilation Efficiency for Different Building Shapes.

As shown in Fig. 2, three plan shapes were considered for the 18 story Niigata
Prefectural Office building : two without a light well and one with a light well.
According to the ventilation network calculation theory for multi- zone space (ASH-
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Nomenclature

M, : airflow rate through i-opening [mYs]

Cq; : discharge coefficient for i~ opening [ —]

A, :area of i-opening [m7]

AP, : pressure difference at i-opening [Pa]

p; : air density flowing through i- opening [kg/m’]
P, : static pressure at floor level of k-room [Pa]
h;y : height of i- opening from k-room level [m]
Py - air density in k-room [kg/m’]

P,; : wind pressure at i- opening [Pa]

C,; : wind pressure coefficient at i- opening [ — |
V, : external wind velocity [m/s]

¢p : specific heat of air [J/kg+°C]

K; : thermal transmittance [W/m*°C]

A“., :area of j-wall [m?

t, : temperature of k-room [°C]

ty ; : room temperature connected by j-wall [C)
Qy : internal heat generation in k-room [W]
N, : number of openings in k- room

N : number of walls in k- room

Table 1 The Ventilation and Thermal Network Table 2 Simulation Cases
Ihsory. for Mull~ Reom Outdoor Wind Outdoor Wind if;:wo:rratﬂia:nt
[Mass Flow] M;=Cy;-A;*J2-AP//p, Case No. vﬂﬂgit‘" Direction (kc[:f%?-n)
[Pressure Difference] : 2 Sodth 2.1@25)
AP=(P~hi 010~ P=h; 0, )+Py; 2 1 South 29.1(25)
[Outdoor Wind Pressure] Py, =Cpi0o'VE 3 4 South 20.1(25)
[Mass Valance in Room] M liiwsiosin=0 4 2 South-West | 29.1(25)
. = 5 2 West 29.1(25)
[Heat Valance in Eioom] E M;: cp Dt link=room - == T

J Z K A wi (tk lM]'imk rDﬂm+Q' * |n all cases, the simulation is performed under the

condition that the outdoor temperature is 20 °C.

Table 3 C,-Values and Areas of Openings | able 4 L,-Values for Each wall
Symbol of c Area [m?] c Wind Direction
Opening® Type 1 Type 2 | Type 3 - 0° 45°
4 (0.2)" ; ] ]
F 0.4 (0.2) 29.25 20.0 25.0 oB NEY 0.4
: a 04 (02)] 075 10.0 5.0 45°
2 b 07 6.0 60 6.0 w s IFTIEY
G : : : : 1 of Wall ) '
i ¢ 0.7 8.7 8.7 8.7 0°
3 0.7 0105 | 0.105 | 0105 PLAN C|-04)-05
(] 0.4 - - 20 * The C,-Value at the top of light Well is assumed to be
-0.4
s $hT = e 2450 = Qutdoor wind profile is assumed according to the

" % These symbols are same as in Fig. 2.
- %8(0.2) means the value when the opening angle is 15° .
#tt The "f" is the opening at the top of light well.

Power Law : V=V (I1/H %%

where Vy, is the mean wind velocity at a heigt H, and

. Vo is the mean wind velocity at refference level Hy,.
_IflAE Fundamentals 1989, Okuyama 1983), these buildings can be represented by
the network shown in Fig. 3 and the temperatures of office rooms are calculated by
the method shown in Table 1. The six cases in Table 2 are considered by using the
Calculation conditions given in Tables 3 and 4. The results of Case 1 are as shown in
Fig. 4. ' |

. With the increase in the outdoor wind velocity, the room temperature obviously
drop in all the building shapes as shown in Fig. 5, but the relationship between the
foom temperature and the wind velocity differs depending on the building shapes.
With respect to the effects of outdoor wind direction, Fig. 6 shows that the building
$hape 3 which has a light well is less affected by the wind direction than other

Uilding shapes. The daytime room temperature in June is calculated based on the
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Fig. 7 Histogram of Room Temperature based on Network Simulation Results and
Weather data from 9:00 A.M. to 17:00 P.M. in June

network simulation results and weather data. As seen in Fig. 7, the occurrence rate
of room temperature over 26 °C in Shape 3 is much smaller than those in Shapes 1
and 2.
1.2. Air Flow Distribution.

The air flow distribution created by natural ventilation is different from that
caused by mechanical air conditioning. Numerical analyses were conducted in order
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Fig. 9 Plan of the Building for Study Fig. 10 Room Temperature during Nighttime
on Nighttime Ventilation ( 19:00P.M.~8:00A.M., in July )

i'-; to predict the air flow distribution at the cross section through the office room. In the
‘calculations, the two- dimensional k- ¢ two equation model (Nomura et al. 1975)
'.was utilized. According to the calculation results given in Fig. 8, the wind velocity in
the upper region was large and that in the lower region was small. It thus became
possible to introduce outside wind into rooms while eliminating the direct wind effects
on the occupants.

2. NATURAL VENTILATION AT NIGHTTIME

. In case of Bunkyo Ward Office (Fig. 9), an attempt was made to reduce the
lmg load at the outset of the cooling process by introducing outside au' durmg the
_mmer nights. In the case of nighttime ventilation, the effect of thermal storage of
" structure was large so that the effect of nighttime ventilation was evaluated by
Using' the dynamic heating/cooling load calculations (HASP ACLD/8501, Matsuo
5).§Ind circuit network ventilation calculation theory. Fig. 10 shows the temper-
 drop in office rooms at the start of air conditioning was confirmed.

__lil?LD MEASUREMENT OF NATURAL VENTILATION
- Actual room temperature, and the wind direction and velocity at various points in
._bu“di"Q were roughly measured during the natural ventilation. The following
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Fig. 11 The Room Temperature and Airflow Measured in Naturally Ventilated Building
(Niigata Prefectural Office, June.1986)

points were confirmed from the measurements shown in Fig. 11. (1) regardiess of the

space locations, ( windward or leeward), wind was introduced from the outside into
the office rooms and the light well. and (2) the room temperature was generally
satisfactory being in a range of 23 ~25°C .

4, CONCLUSION
From the foregoing study by simulation and measurement, the effectiveness of
natural ventilation in high- rise building has been confirmed as follows:
(1) The building having a large light well can expect very satisfactory ventilating
effects due to the natural wind and the stack effect.
(2) Nighttime ventilation can be effective for precooling building structure.
(3) By the measurement, the anticipation of airflow and room temperature given
by simulated for the building with a light well has been roughly confirmed.
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