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Introduction 
The number of house with thick insulation and air tightness is increasing in cold climate region to decrease heating 
energy and to save daily life cost. Decreasing fresh air load is important to save heating energy in such houses. The 
purpose of this study is to develop pre-heating system by using solar air heat collector with thermal storage system. 
First, we examined the performance of the solar air heat collector and thermal storage system. Second, we made the 
numerical model. Third, we analyzed the possibility and the application of the system by using the numerical model. 
 

System Outline 
The system reduce fresh air load by the method as follows. 
(1) The solar air heat collector makes the temperature of the fresh air rise in daytime. 
(2) The thermal storage system made of PCM storage the heat. It is also used as buffer against over-heating. 
(3) The cold fresh air in night is heated by the thermal storage system. Fig. 3 shows the result of the measurement. 
The system can use the solar heat during daytime as the pre-heat of fresh air during evening. But, the period that the 
system can shift was about 4 hours. It was not enough to decrease fresh air load. 
 

Experiment for System Performance 
The experiment for the system performance was conducted to investigate the possibility and the application of the 
system in the cold region by using numerical simulation. Fig. 7 shows the outline of the experiment. The numerical 
model for the numerical simulation can be made to identify the relationship between the air volume with the heat 
transfer coefficient and the efficiency of the mass of PCM. Eq.(3)~(5) shows the numerical model. The RMSE between 
the results of the numerical model and the results of the experiment are enough small to use the model in the simula-
tion. 
 

Numerical Analysis and Conclusion 
The reduction rate of fresh air load is calculated to investigate which combination is effective with each climate. First, 
the indoor temperature and the fresh air load were calculated by using ESP-r. Second, the reduction rate of fresh air 
load was calculated by using the result of ESP-r and the numerical model. Table. 9 shows the parameters for the simu-
lation. The effectiveness of the system was analyzed with the reduction rate during non-overheating. Highly insulated 
housings often cause over-
during over-heating. 
The results of the numerical simulation indicated the bellows. 
(1) The system reduces fresh air load from 10% to 30%. 
(2) The highest reduction rate is in the case in Kushiro, because the solar radiation during heating season is bigger 
than the other cities. 
(3) The area of solar collector is bigger, the reduction rates is bigger. 
(4) The melting point of PCM was lower and the mass of PCM was heavier, the reduction rate is bigger. 
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Cross ventilation in interior spaces is a commonly adopted means of providing natural ventilation in Japan during moderate seasons, including 

ventilated house model by using PIV and a large-size boundary wind tunnel. In this paper, the location of the openings and the wind direction are the 

and around the model are reported.

In Case B (two openings placed on opposite walls parallel to wind direction), Case C (two openings placed on windward wall) and Case D (two 

into and out of the model through the openings in turn due to the outside wind turbulence.
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Cross ventilation in interior spaces is a commonly adopted means of providing natural ventilation in Japan during moderate seasons, including 

distribution varied depending on the outside wind direction and velocity. Moreover, the outside wind turbulence affects cross ventilation, for 

Recently, particle image velocimetry (PIV) has attracted considerable attention. PIV is a noncontact method that measures airflow velocity at 

multiple points simultaneously, thus, it is preferred over conventional anemometers. 

tends to be occurred that error vectors are increased and no vectors are calculated in the area. 

This study describes the airflow distribution in a simple cross-ventilated house model by using PIV and a large-size boundary wind tunnel. 

Considering perspective effect, center of the camera angle is changed in order to provide clear visualization images around the walls and openings. 

placed on the same wall. The visualization of cross ventilation is performed by using three lasers. The location of the openings and the wind 

2 components in and around the model are reported.

The results are as follows: 

and sways from side to side. The wind speed ratio of mainstream of inlet is about 0.3. 

another one in turn.

model through the openings on the same wall in turn. 

speed ratio of mainstream of inlet is about 0.2 to 0.4.

and out of the model through the openings in turn due to the outside wind turbulence.
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