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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 
fannhouse . 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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2. HOUSES ;\ND LIFESTYLE IN HOKURIKU REGION 
2-1 MEASlJHEMENTS OF THE THERMAL ENVIRONMENT 

Many traditinnal fannhouses and "machiya" can still be found on the main island of 

Japan. A1tho11gh these houses are not equipped with air conditioners, the inhabitants 

don't seem t(I feel any unpleasantness in summer. This is thought to be due to the 

cooling effect of cross ventilation. 

We conducted measurements of the thermal environments in a "machiya" and in a 

modem house in Hokuriku region to clarif'.y the effect of cross ventilation. Thenno

recorders (on do-tori RH) and a radiometer were used for the measurements. We asked 

the people Jiv111g in the houses what they felt and thought about the comfort of their 

homes. Evc11 though inhabitants of these houses know through experience that their 

houses are w111fortable, they probably can't understand the reason why the hoses is 

comfortable. If it were not for the technique that keeps the reason, the wisdom would 

be forgotten . To avoid such a mistake, we think the inhabitants themselves must 

understand the characteristics of their houses and make efforts to make the most of 

them. 
2-2 DIFFERENCE BETWEEN "MACHIYA" AND A MODERN HOUSE 

The "machi)1:1'· which has lattice windows and eaith floors, is one of the Japanese 

traditional ho11ses . We compared the environment of a "machiya" with that of a modem 

house. <Fig. I · shows the variations of indoor and outdoor temperatures for a 

"machiya" 011 /\ug.6, 1995. The indoor temperatures are not a great deal lower than the 

outdoor tempnatures. However, the range of temperature variations is less than that of 

a modem hot1sc. This indicates that an appropriate amount of cross ventilation helps to 

exhaust beat. :ind solar radiation transmitting through the roof is not as strong as that of 

a modem house. In <Fig.2>, a drastic rise of temperature in the loft space can be seen. 

The inhabita111~ of this house were at home only at nighttime due to work commitments. 

In such a sit11:ition, the second floor space should not be regarded as a living space 

during the day I ime. 
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<Fig I · ;1 .. machiya" in Komatsu city <Fig.2> a modern house in Kaga city 

A comparisoJJ of the two houses shows that there is a large difference between the loft 
temperature of a "machiya" and that of a modem house. It is thought that a rise in a loft 
temperature of a modem house is due to the lack of thennal insulation. In such a 
situation, evcu when the room is cross ventilated, inhabitants may feel w1pleasantnes5 

and become to depend on air conditioners. But in a "machiya" which is insulated and 

not equipped with air conditi 

outdoor .temperature is high. 
Thus, It is meaningful t . I o msu , 

3. NUMERICAL ANALYSE 
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iya" which is insulated and 

.not equipped with air conditioner, it is said that the inhabitants feel cool even when 

outdoor temperature is high. 
Thus it is meaningful to insulate against solar radiation and to cross ventilate. 

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 
fannhouses, ), 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!> Model <fuble2> Six rcoreso1na11vc models 
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ASSUMPTIONS 
1) The annual minimum of average daily room temperatures ( e min) is 20 °C. (In 
winter, the room temperature is controlled by heaters.) 
2) The annual maximum of average daily room temperatures ( 8 max) is on August 1. 
The annual variation of the room temperature ( ~v ) 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 
functions(lyear, 24h). 
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Under the above assumption, the maximum of average daily temperatures of each air 
change rate is obtained by calculating annual thennal balance. 

The results are as follows. 
<Table3> The annual maximum of m·eroge dnily temperatures ( m" ) ( ) 
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On the condition that the daily thennal balance of each part of variation is equal to 0, 
the range of variation and tim·e lag in the degree of each period is obtained (l 2h, 24h). 

<Tablc4> Amoli1udc ("C) and time lae in dci?rcc (° lofvariation 
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The calculation results showed a steep rise in room temperature in case l(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, (case 
3,Fig.6; case 6,Fig.9 ), as the effect of solar radiation is less, and the effect of 1Jie 
earth floor is large, the room temperature is maintained at a low level. As can be seen in 
Figs.4 and 5, cross ventilation itself is not such an effective device against solar 
radiation. It is important to combine cross ventilation with thick thennal insulation and 
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 (nop,_ 
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ot be seen. In case 4 (non-

insulated model, RC), however, the maximum temperature is higher than that in cases 5 
and 6. In the models made of RC, changes in room temperature are small due to the 
thennal 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 m11del (case 6), 
the room temperature is lower than the outdoor temperature during the da~ time. 
The main role of cross ventilation is to exhaust excess heat. However, if the amount of 

beat entering the house is very high, cross ventilation is not so effective. ln the thickly 
insulated model, a large volume of air exchange is not so necessary due to the small 
amount of heat entering the house. So inhabitants can feel slight change of room 
tern erature, then it would make dwellers comfortable. 
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5. CONCLUSION 
Although cross ventilation and an earth floor are not very effective alone, when they 

are combined with thick insulation, the earth floor is very effective, and it becomes 

possible to feel naturally cool, which is a characteristic of an earth floor. In the same 

way, the effect of cross ventilation alone is less than that of solar radiation. An earth 
floor is most effective in a thickly insulated model. In such a house, the room 
temperature doesn't rise greatly. Therefore, a large volwne of air exchange is not 

needed. In the case where only a small amount of heat enters the house, the role of 

cross ventilation is to facilitate a slight change in temperature rather than to exhaust 
unnecessary heat. "Sudare" and awnings are very effective in thickly insulated houses. 

In non-insulated houses (Fig, 10), however, a great deal of heat enters the house, a 
"sudare" or awning are not so effective and do not enhance the wisdom of inhabitants. 

On the other hand, in thickly insulated houses (Fig.11 ), the devices of inhabitants such 
as a "sudare" and an awning are very effective and meaningful. In such a situation, the 

inhabitants themselves pay attention to their environment, and they can improve their 

houses. 
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<Fig. I I> RC l 50mm + 200mm with Sudarc 

The feeling that we feel when we walk into a "machiya'', is due to the combination of 
devices . This technique of using a combination of .pevices has been handed down by , 

ancestors over the years. 
In hot and humid regions, the role of insulation is to prevent solar radiation from 

entering the house and to give important roles to cross ventilation and earth floors . 

Thus, we think that thick insulation changes the meaning of cross ventilation. 
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