(%4 ] Journal of Architecture, Planning and Environmental Engineering =]
UDC : 551. 55 : 697.003.1 : 697. 11 (Transactions of AlJ) No, 381, November, 1987 B 381

ENERGY SAVINGS OF APARTMENT HOUSES
BY NATURAL VENTILATION

by QINGYUAN ZHANG*', TADAHISA KATAYAMA*®
TETSUO HAYASHI*, AKIO ISHII** ~MASARU
NISHIDA*", NORIKO SAKAKIBARA*® and JUN-
ICHIRO TSUTSUMI*", Members of A. I J.

1. Introduction
In the hot season, natural ventilation is generally used to cool buildings, Wind takes away the heat from
buildings, which is from the solar radiation and generated heat from equipment such as lights, and also removes
sensible and latent heat from human bodies, improving the thermal sensation. The utilization of natural ventilation is
influenced by many factors such as the daily living schedule of occupants, weather condition of a region,
surrounding environments and building design. The purpose of this paper is to analyze quantitatively the energy
saving effects by cross-ventilation, relating to the arrangement of apartment buildings and the location of them,
There have been several studies on the natural ventilation of dwellings. The authors have investigated the
ventilation and the indoor thermal environment of apartment building from the viewpoint of energy savings!—Y,
Recently, the natural ventilation of dwellings for the purpose of saving energy is also studied actively in Europe and
the United States, and some computations and experiments are reported, such as the papers of Chandra et al. ¥ and
Kammerud et al,®,
The contents of this paper are as follows :
(1) The wind pressure coefficient is required to calculate the ventilation rate. Therefore, the wind tunnel tests
are done to obtain the relation between the wind pressure coefficient and the wind direction or the building
" volume ratio, - s
(2)- The ASHRAE'’s SET*, the Standard New Effective Temperature”, is used for the evaluation of thermal
comfort, Psychoiogical experiments on comfort sensation are carried out to obtain the relation between.the
huma.n:g_pmfort and the SET* in a natu;ally ventilated environment, = &
(3) The thermal performance of a ventilated dwelling unit and an unventilated one is simulated by the program
called “PSSP” (Passive System Simulation Program)®-" Energy savings of natural ventilation:are
estimated in te?l};:_ of heat extraction for the cooling of dwelling units, Sapporo, Tokyo and Kagoshima- dre
selected to examine the energy saving effects regionally,

L3 wiET

Nomenclature
BV : building volume ratio which means the ratio of total floor area to lot, %
C : wind pressure coefficient
F :stories of an apartment building
G: vexitiia_tﬁon rate, m*/h
s :area of an opening, m’
St : cross-sectional area of a room, m?

e e

3 u : indoor air flow speed, m/s
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V i wind speed, m/s Table1 Arrangements of buildings

V. . free-stream speed in the windiunnel, m/s

; . \'
Z : height from the planc of th wind tunnel, -(stof;es) (B%) (r?x) (g) (o.)
m.m . . ) ) 0 — 15 0
g . orientation of a building from the south, 5 .25 123 15 0
d S 50 Ly 15 0 p
egree 5 075 3 15 0
Subscript W, L windward and leeward, respectively, g l% 5Z';{ }g 42 som Tom
2. Wind Tunnel Tests 10 50 123 30 0

The wind tunnel tests are carried out to obtain the

wind pressure coefficients of windward and leeward wall surfaces, relating to the building volume ratio, BV,
stortes of building, F. anod winddirectinon,  The arrangements of model buildings are shown in Table 1. The
models are scaled in 1/400.

The butlding volume ratios are chang=d with the longitudinal interval, D. Two kinds of model height are tested at
the building volume ratio of 50 %. The wind tunnel used in the tests has a cross-sectional area of 1.5m by 1.5 m,
with a test length 4.6 m, The free-siream speed V, is about 8 m/s. The modéls in the wind tunnel can be seen in
Fig.1. To produce a wind speed profile similar to that of the natural wind in the urban area, a screen is fixed at the
outlet of the wind tunnel™, The wind speed profile of 3 m downstream from the outlet is shown in Fig. 2. The
influence of the models on the mean wind speed is reduced above a height of 0. 25 m which is eqiivalent to 100 m in
lield scale. Therefore, the wind speed at a height of 0. 25 m is used as the reference speed. To avoid the blocking
effect, the model blockage is limited up to 3 %"

The relation between the wind pressure coefficient and the building volume ratio, BV, is shown in Fig, 3. As BV
increases from 0 % to 25 %, the absolute values of the wind pressure coefficient decrease significantly, while they

decrease slowly in the case that BV is over 25 %. -
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Fig. 4 shows the change of the wind pressure coefficient to the wind direction at BV of 50 %. The pressure
difference between the windward and the leeward changes little if the wind direction is below 60°, but it decreases

evidently over 60°. Cins

'All of the wind pressure coefficients mentioned above are the average values of the measurement points on the

windward or leeward walls of the model building:
3. Psychological Experiments on Thermal Comfort Sensation

‘The indoor thermal ‘environment must be evaluated inclusively by air temperature

humidity, radiative

temperature and air flow speed. The SET*, the Standard New Effective Temperature is adopted as the overall index
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of the thermal sensation here, The SET* inciudes all the environmental and human thermal elements, therefore it
can be adapted to any conditions,

In order to make clear the relation between the comfort sensation and the SET*, the psychological experiments are
conducted in the naturally ventilated dwelling unit on the 6th floor of the 12-story building as shown in Fig; 5"
There are some studies on the thermal sensation on the artificially ventilated condition’™, however it is difficult to
make a turbulent air flow of which turbulent scale and frequency range widely as natural wind. On the other hand,
there are few studies on the naturally ventilated condition. Therefore, the experiments in the naturally ventilated
room are done, The experiments are composed of 32 runs in total, using 4 males and 4 females subjects in college
age. In a run of the experiment, a subject clothed in 0. 3 clo is sedentary in 90 minutes, facing to the windward in a
ventilated room after 30 minute rest in an unventilated room. The subjects’ votes of comfort sensation are voted on
4-category scale by pushing vote buttons, At the same time, air temperature, relative humidity, globe temperature
and wind speed are recorded. *

The cumulative frequency distributions of the SET* for the 4 levels of comfort sensation are depicted in Fig: 6. In
a viewpoint of energy savings, the median of the SET* of a category “uncomfortable” is assumed as the tolerable
limit of the indoor thermal environment, That value of the SET* is 26°C.

4, Energy Saving Effects of Cross-ventilation

To discuss the utilization of natural ventilation regionally, Sapporo, Tokyo and Kagoshima are selected. The
Standard Weather Data'® of the above mentioned cities through Aug. 1-7, gonsidere.d to be typical summer days, are
shown'in Fig. 7. Fig. 8 shows the wind roses and the wind speed frequency distributions in this term. In Tokyo, the

wind direction at night is different from that in the daytime, which is considered to be the influence of the land and

sea breeze,
The PSSP is used to predict the indoor thermal environment, It can calculate dry-bulb temperature, mean radiant

temperature, relative humidity, ventilation rate and air-conditioning load, The simulated results by the PSSP are
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compared with the measured results as shown in'Fig.9 (a), (b) and (c). These data are measured and simulated in
the dwelling units shown in Fig.5. “The simulated values agree with the measured ones fairly well.

The amoiint of ventilation per hour, G is calculated by the PSSP. Considering the air flow distribution in a

ventilated unit™, the air flow speed in the middle part of the room, u, is calculated by )

W24 G/(3600% Sr) (m/s). i T b !

-The dweélling-unit shown in Fig. 10 is selected to examine the energy saving effects of natural ventilation in

summer by the thermal performance simulations. It is supposed to be on the 3rd floor of a 5-story apartment building
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or the 6th floor of a 10-story one, The floor area of the unit is about 62 m?, and the unit is divided into 4 rooms. The
unit consists of 20 cm concrete walls, wooden partitions, normal pane windows, interior doors (wooden doors, or
Fusuma in Japanese) and exterior steel doors, Only Room A which is a living room and kitchen is equipped with a
room air-conditioner, and its outlet air is supposed to be maintained constantly 15°C of temperature and 90 % of
relative humidity. In the case that natural ventilation is utilized, the windows, the exterior door at the balcony and
the Fusuma doors are dpéﬂed. On the contrary; all of the windows and doors are closed in the case of the
unventilated unit, To simplify the analysis, there are no curtains or blinds at the windows and no generated heat from
occupants, equipment and lights.

The procedure to control the air-conditioner of the unventilated unit is shown in Fig.11. The basic concept to
estimate the-energy saving effects by natural ventilation is to acquire the heat extraction of the Room A'in the
unventilated unit whose air conditioner keeps its SET* as same as that of the room A in the naturally ventilated unit
(b~c and d~e in Fig. 11). But it seems to be unnecessary to cool extremely the unventilated unit to agree both the
SET?*s, if the SET* of the ventilated unit is belowa certain degree (a~b and e~f in Fig.11). Therefore, 26°C of
the SET* is adopted as the tolerable limit which is shown in Chapter 3. On the other hand, it is also unnecessary to
warm the unventilated unit in the case that the SI::Tf‘ls lower tha.n that of the ventilated unit (c~d in Fig. 11).

enibiad

All of the simulations mentioned below are: carried out durmg ‘the first 7 days of August. The clothing and the
actw1ty level in the SET‘ calculanpli _1s>sgpposed to be 0.4 clo and 1.2 met respectively, and the wind pressure
coeff1c1ents éhown in Chapterz are a[;\pl;ed to the: sxmulahons -Fig; ‘12 shows the SET*s of3 dlfferent units, and the
heat extraction in Tokyo at the building volume ratio of 50 %. As the openings of the ventilated unit are opened all
day long, its SET* is generallylower-and more variable than that of the ufiventilated”unit where the air leakage
through cracks’ o the*windows‘and dosrs istaken into account, As for the air-conditioned unit, its SET* ﬂuctuauon
is different irﬂl_ both the ventilated anﬁ unventilated, and its heat extraction is large in the night but almost zero in

‘le

the_daytime because of. the :_night cool heat storage.

The daily average amount of heat extractlon in the unventilated and air- condmoned unit is offered as the value
defining the energy savings by the utlhzanon of natural vent_llatlop. The relation between the energy savings and the
building volume ratio, at the 3rd floor of the 5-story apartment building facing to the south, is shown as to 3 cities in
Fig.13. In Sapporo, the SET* of the unventilated ‘unit'is often' lower than 26°C, the value of energy savings is

__6._
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Kagoshima that the SET* of the ventilated unit is ;_

relatively high and the SET* difference between:the @ 30+ M

ventilated and unventilated is small in comparison with n

Tokyo, Fig. 13 also indicates that the ventilation all A9

day long is more effective than ventilation:only during 2 ?_—_~— —‘-;-— —4

the daytime. : 45°E 0° 4:5 "
Next, th}e influence of the building orientation on t‘he Fig. 15 Influence of b'uilding orientation on the average

energy savings is investigated. The energy savings of - SET*s (BV=50%, F=5)

3 kinds of orientation at the building' volume ratio of :
50.9% are shown.in Fig.14. If the building volume ratio is the same, the higher building will have larger effects of
energy savings because of the increase of the wind pressure as shown in Fig. 3. The energy savings of the units
oriented to 45°E or 45°W are large in comparison with that:of thé unit oriented to the south, There are few differences
of the SET*s among the ventilated units but as for the unventilated,; the SET*s in the units oriented to 45°E or 45°W
.are higher than that in the unit oriented to the south as shown in Fig:15.
- 5, Conclusions . . . ¢! S 3 )
This study indicates quantitatively the effects of wind-induced cross-ventilation on energy savings in summer. The
main results are as follows : 2 : |
1) The regional characteristics of climate affect -the energy- savings: by natural ventilation.
2) The energy saving effects of natural ventilation all day long are larger than that of natural ventilation only
during the ‘daytime, A 58 i ¥
3): The saving energy by natural ventilation decreases accoiding to the increase of the building volume ratio.
4) A 10-story building has larger effects of energy saving by natural ventilation than a 5-story building, Though
the energy savings by .natural ventilation of the buildings oriented to 45°E or 45°W are larger than that of the
- building oriented to the south,” the SET*s in ventilated rooms change little by the orientation of buildings.
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