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Figure 1. Planned mean velocity during each experiment. 

Figure 2. The percentage of dissatisfied subjects, i:e· thos~ feeling a 
draught at the head region as a function of the air velo~1ty at.th~ 
three levels of turbulence intensity. The points with 0% d1ssat1sf1ed 

have been plotted at 0.2%. 
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Abstrac t 

The questionnaire jnquiry co11ducled shows lhat cross-ventilation is 
used in 70-BO% of apartment houses in lhe c.laytime of summer. We also carr
ied out the simultaneous measurements of indoor climate in the t~o dwelli
ngs, one with windows opened and another with windows closed. Comparison 
of PMV of the two makes clear thermal effect of cross-ventilation. Nomog
ram for estimating indoor PMV fr'om any o utd oor climatic conditions can 
be made up by using r e lations between outdoor and indoor meteorological 
factors. 

lntruduclion 

Cross-ventU.aL1011 wl lh wlo1dows fully opened is one of the most popular 
and traditional cooling means used in houses against the hot humid summer 
of Japan. Preference of people for cross-ventilation might be attributed 
mainly to that f luctllati ng ;iir fl ow c aused by natural wind makes them 
feel refresh i ng , different Crom s c~dy a ir flow in air-c onditioned rooms. 

Considerable works on energy conservation effect, another meaning of 
cross-ventilation, have recently been done in America and Europe (Refs .1, 
2, 3, 5, 6) . l!owever there have been few reports on its effect on indoor 
thermal environment. This paper describes thermal effect of cross-ventil
ation in terms of PMV(Predicted Mean Vote in Ref.4), using data from the 
climatic measurements in the two dwellings, one with windows opened and 
another with windows closed, on the sixth floor of the 12-storied apart
ment house locating about 7km away from the coast line to the south. 

Background of utilization of cross-ventilaion 

Fig.l shows utillzation of cooling means i n apartments i n Fukuoka city 
based on the questinna1re inquiry. 1.n the daytime cross-ve ntilation is 
used in about 80% d"1ei llflgs in residential and semi-industrial areas, 
though decreas ing to 40% or so at nigh t when wi nd becomes '" eaker. In com
mercial areas, however , uti lization of cross-ventilatio n is less than half . 
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Utilization of cross
ventilation for cooling 
ir1 apartrnent houses 
in Fukuoka city. 

Numericals ir1 parenthesis 
are sampling number. 
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Variatior1s of air teniperature 
with wind vectors in the morning 
are dipicted in fig.3. Comparison 
of wind direction change frorn the 
southern to the northern and air 
temperature variation makes clear 
the alleviation effect of sea 
breeze on air temperature rising. 
This implies that we can expect 
to get cooling effect of cross -
venLiJation to large extent, if 
we design buildings in consicJer
atj on of tile orientation so as to 
well accept sea breeze. As seen 
in fig.l, cross-ventilation is not 
so much used in Apartment C5 as 
in the ott1ers, which is a side-cor
ridor type facing to east, that 
is, which has windows on the east 
and the west side. 

Comparison of wind-rose 
between day and night 
during the measurements. 
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is supposed to rise as shown by a broken line if it had not blown. 

Effect of cross-ventilation on indoor thermal environment 

The apartment, where the measurements were conducted, has a corridor 
to the north side. Besides the extending area from the aparlrnent to the 
coast is composed of the field and low-rised buildings. Thus the dwell
ings well accept the sea breeze in the day. 

Fig . a compar es t h e var i at ion o f t h e thermal e rwiron men ta l a c t o r s meas 
u red and PMV c a lcu la t ed f rom them between t he o pe ned dwelling and t h e 
c l osed one. I ndoor a i r f low ve l ocity when clo sed is supposed Lo be 
0 . l m/s . Meta bolic r ate , M, a n d c lo thi ng i nsulation , l , are assumed Lo he 
eq ual t o 58W/m".l (l met) a nd 0 . 3clo, r espe cti vely , for ca l cu la ti ng PMV. PMV 
of the o pened d well i ng d e c r eases s oon af t er openi n g wi nd u ws , rernalnin.\l 
nearl_y 0 , i.e., neu tral , " hile t ha o f the c losed i s abouL 2 , i.e ., warm . 

Cu1nula ti ve f requency d i s tr-i bu ti on o f PMV for three ranges of outdoor 
air ternpera tu r e a r e compared bet ween t he opened dwelling and the closed 
on e in f i g . 5. The s haded z o ne o-f PMV from -0.5 to +0.5 corresponds to 
PPD ( Pred i cted Perc en a ge o r Di s s a t isfi ed) less than 10% and is here con
s jdered as comfort zo n e . Jn t h e o pe ned dwelling about 70% of the case 
i s inc l uded in comfo r t zun e fo r t emper atu re range II and about a third for 
range II I. I n he CIQsed , ho we ver, a bou t 80% is greater than +l, i.e., 
s·1 i gh tly warm , even f or range I. 

Comparison of indoor and outdoor meteorological factors measured gives 
the following relations with correlation coefficients greater than 0.80. 

ror the opened dwelling 
ta ll.3+0.6l*Ta 
tg 3.0+0.92*ta 
rh 26.9+0.65*RH v 0.40*V for north 

for the closed dwelling 
ta 19.6+0.35*Ta 
tg -3.7+1.15*ta 
rh 53.8+0.22*RH 

I I 
l 
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wh<:r(; t.<:i, Lg, rh ond v CJre induor air Lemperalure 1 globe terr?perature, rel
o ti vt: humidity and ajr flow v~locily, ret>pectively, an d Lhose in capital 
leLter· ace corrt:sponding outdoor climatic factors. 

llt;ing lhese relations, we con calculate indoor PMV for any outdoor cli-
111<JI ic cor1di t ions. J•'ig.6 is c:H1 example of nomogram for estimating PMV in 
a cros~-ventilated room with parameters of outdoor air temperature, Ta, 
and wind speed, V, in combinaLion with PPD. For north wind with speed 
or 4m/s, indoor air now velocity of l.6m/s is obtained, as relative ve
locity, v/V, is oboul: 0.4 for this direction . ln this case PMV remains 
w i Lh i 11 cum fort 2one even for Ta oC 30 °C. For Ta greater than 32 °C, how
t.:ver, Ct'(JSs-verdilation is less effective, os PMV exceeds -:-1, i.e., 

sl lghlly warm . alir1ost for any wind speed. 
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Fig. 4. 

Comparison of diurnal 
variations of thermal 
environmental factors 
between the opened 
dwelling(solid lines) 
and the c losed one 
(broken lines). 
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Fig. 5. Comparison of cumulative frequency distribution of PMV for three 
ranges of outdoor air temperature between the opened dwelling unit 
(bold lines) and the closed one(-thin lines). 
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Nomogram f or estimating 
PMV in a n_aturally 
ventilated room from 
outdoor air temperature 
and wind speed. 
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