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THICK INSULATION
CHANGES
THE MEANING OF CROSS VENTILATION

Isamu OHBAYASHI, Wataru NAGAI, Noboru ARATANI

Hokkaido University, Faculty of Engineering, Dept. of Architecture
Kita 13, Nishi 8, Kita-ku, Sapporo-shi, Hokkaido 060
Tel:+81-11-706-6251,Fax:+81-11-706-7828

ABSTRACT Although most new houses in the Hokuriku region are equipped with air
conditioners, some people living in farmhouses still feel that cross ventilation is more
desirable. Comparative measurements were made between a new house and a
farmbouse. Simplified simulations were also carried out to clarify the effects of thermal
insulation and earth floors on cross ventilation in summer.

The role of thermal insulation in hot and humid regions is different from that in cold
regions, where there is a large difference between outside and inside air temperatures.
Insulation against solar heat by the use of awnings or “sudare” on windows and thick
roof insulation is important for effective cross ventilation.

Solar-heat insulation greatly enhances the cooling effect of an earth floor, and slight
changes in air movement due to cross ventilation generate a comfortable feeling. These
combined effects would enhance the wisdom of farm inhabitants, and would also add a
regional feature to their houses and life-style.

1. INTRODUCTION

In Japan, there are many traditional houses in which it is comfortable to live in
summer. We visited one such traditional house in the Hokuriku region, and carried out
measurements of the thermal environment inside the house. Most of these traditional
houses have devices for thermal insulation and an earth floor, which enable the
inhabitants to live comfortably. These devices have been used for a long time all over
Japan, and they add a regional feature to each house.

In this study, we investigated the efficacy of cross ventilation, and used simplified
simulation to clarify the effect of thermal insulation and earth floor on cross ventilation.
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| 3. NUMERICAL ANALYSES
3.1 SIMPLIFIED CALCULATION

As mentioned previously, it is important for inhabitants to be aware of the

~ characteristics of their own houses. The most desirable situation is for the inhabitants

themselves to improve their environment and find their own lifestyle. Therefore, not
only house designers but also the inhabitants themselves should know the advantages
of their houses.

In this section, we focus on cross ventilation, which is one of the important factors for
life in summer. In many traditional Japanese houses (such as “machiya” and
farmhouses, ), cross ventilation is regarded as a device that enhances comfort. The
main purpose of the present calculation was to clarify the differences between various
models. The thermal environments were analyzed by using the solution of periodical
heat transmission. On the assumption that variations of temperature are repeated in the
same way, we obtained the solution of unsteady heat transmission.

3-2 THE MODELS FOR CALCULATION

In this section, we examine the effects of thermal insulation and an earth floor on
cross ventilation. At first, the actual variations in outdoor temperature must be replaced
by Fourier’s series with periodical functions to calculate the periodical heat
transmission. To know reasonable aspects, the actual variations in outdoor temperature
are replaced with two periodical functions (12h,24h), and the solution of unsteady heat
transmission is then obtained.

As mentioned previously, the purpose of this calculation is to clarify the differences
between models under the same weather conditions. Therefore, we constructed the
following six representative models.

<Table]1> Model 1 <Table2> Six representative models
fJone spaceim it 103 Koum) case| oase2 cased cased ase’ case6
Irom north te seathom ) 7 ) ! .
from sist th Westim 15 P laster Board 13 12 12 12} 12 12
Aerghiim?® 3 = 4 2000 o < 200
et {loot 0 i 25 0
ron! spacalm2) 1§ 1 At Space 100 10¢ 106
wall spacetm ) nortn | 32 3 1
south| 12 4 v i1 BRC 1508 150 15¢
cast =1 CR
w251 21 1 fiBoard (inside) 2 12] 12 12 12 13
RALE A LI RS L2 AWindow 3mm single [Imm doubld3mm trple [3mm single |3mm doubld3mm triple
south [126] ni2 §

1) The annual minimum of average daily room temperatures (8 ) is 20 °C. (In

winter, the room temperature is controlled by heaters.)

2) The annual maximum of average daily room temperatures (8 ) is on August 1.
The annual variation of the room temperature (8, ) is as follows.
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3) Room air is ventilated at the same air change rate throughout the day.
4) The heat transmitting through the earth floor is replaced with two periodical
functions(lyear, 24h).

DAIIL\ VARIATION ZOOM
~

ANNUAL AVERAGE - . B ROOM
1534°°C > e "~ ANNUAL VARIATION r

—_ DAILY TRANSMISSION

ANNUAL TRANSMISSION

<Fig.3> Model
4. RESULTS
Under the above assumption, the maximum of average daily temperatures of each air
change rate is obtained by calculating annual thermal balance.
The results are as follows.

<Table3> The annual maximum of average daily temperatures ( & ma ) ('C)

syt change tate casal case?2 cased cased tased cazteb
n=1t 356 3 1 5 5 3 ] 5. 1
szl & 35 3 [N 3 3 £s 4
n2 342 3 4 & 3 1 2
n=5 33 3 § 3 2 £ 1
n=1¢ 322 3 4 % 3 £ 3
n=20 3V-:2 ] 3 31 o c

On the condition that the daily thermal balance of each part of variation is equal to 0,
the range of variation and time lag in the degree of each period is obtained (12h, 24h).
<Table4 i C)__and time lag in d T

able zwAmp :ludc( ) _and time lag in degree (* )of variation

Eﬂi Teaier T Teuser 1 Taned | (TG T Taier T
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n> | S9) -2141 423 -2is81] g4 -34¢.8 127) 23399 0971 23k 12 0 98| -224068

=13 13| 3iix <19] 21505 s3] i3 % T3] Ivdel T08| -238 -3 TO3] -220 3

=13 T3d] -3is % 09| -Tiedel 13| 331 T+8| -Tived TI¥| 230 19 1o e

n=* T3] _-aia 399 2% %] W T 3| 21598 T33| -eas 3% TaB| -2324

n=10 SRy 21572 E61 219397 34| -33° W% T re] -23523 795 33" wx Twi] 2338

E-:n 33| 215 38 33| 221 I4] 0% -31° 3% TS| 2AA 07 4| 234 3e 2 41] 23344
~13h

817 change rate amplitude Jtne lup  Jempinude e lag  lamphiude ftme Jag  Jamplivde Jume lag amplitade |tz lag spliinde i [

- S5 6933 76] 93 67 (3 S 37| 10428 034] w179 3 CLl

he1 3 (K] 68 03 ) (O I K] 101 Tiel evi- ] sall

n~ S TN 9] 7573 T83|  sE L i R ET (] TR a8 e

e s [ B L ek 35| 183 TR3| s34l 17 [EE] TR L)

=10 33 WY 85 5 ) CEI| 3637 5 I T (5] T [E5] ST
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The calculation results showed a steep rise in room temperature in case 1(Fig.4) (non-
insulated model). this is due to both a rise in outdoor temperature and an increase in the.
amount of solar radiation. On the other hand, in the thickly insulated model, (casé

earth floor is large, the room temperature is maintained at a low level. As can be seen
Figs.4 and 5, cross ventilation itself is not such an effective device against solz
radiation. It is important to combine cross ventilation with thick thermal insulation 2
an earth floor. Each of them strengthen the role of the others.

In Figs. 7,8,9, a steep rise in the room temperature can not be seen. In case 4 (n
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ot be seen. In case 4 (non-

Egnd 6. In the models made of RC, changes in room temperature are small due to the
| thermal mass of concrete. In the non-insulated model (case 4), the room temperature is
. always higher than the outdoor temperature, but in the thickly insulated mudel (case 6),

" the room temperature is lower than the outdoor temperature during the daxtime.

_The main role of cross ventilation is to exhaust excess heat. However, if the amount of
heat entering the house is very high, cross ventilation is not so effective. In the thickly
insulated model, a large volume of air exchange is not so necessary due to the small
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<Fig. 1> Wooden+0mm

<Fig.7> RC 1 50mm tiyyn
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<Fig.6> Wooden +200mm

<Fig.9> RC130mm+240mm
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5. CONCLUSION : e, when the
Although cross ventilation and an earth floor are nqt very efg:éi::eal:;ld it become)st
are combined with thick insulation, the earth ﬂoor‘ls‘ ve;y e e fioor R
possible to feel naturally cool, which is a _charactenstlc 0 a;lsz o radiati.on. iry il
way, the effect of cross ventilation alone is less than tha; o e
floor is most effective in a thickly insulated model. ln suof ol exch;mge is 1ot
temperature doesn’t rise greatly. Therefore, a large volume e Lk
needed. In the case where only a small amount.of heat enters r—u tha;l i
cross ventilation is to facilitate a slight change in tem}_)era.tufde1 rariairives
unnecessary heat. “Sudare” and awnings are very effective mf hlct Znters the house, a
In non-insulated houses (Fig,10), however, a great deal oh ea'sdom Eih b
“sudare” or awning are not so effective and do “f)t enhance (; e wi Y
On the other hand, in thickly insulated houses (Fig.11), tl?e e;fliess‘mh - St e
as a “sudare” and an awning are very effective agd meanmgfud- l? can improve ;heir
inhabitants themselves pay attention to their environment, and they
houses.
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<Fig. 10> Wooden +0mm with Sudare <Fig.11> RC 150mm + 200mm wi

iya”, i ination of
The feeling that we feel when we walk into a “mach1y§ , 1s due to th; cc;r:;)lgzwn o]
devices. This technique of using a combination of devices has been han 3

ancestors over the years.

ion i iation from
In hot and humid regions, the role of insulation is to prevent solar radiati

ilati TS.
entering the house and to give important roles to cross Yenulatlon and eirtt}_l trlloo
Thus, we think that thick insulation changes the meaning of cross ventilation.
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