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ABSTRACT

This paper reports on test house measurements and simulated prediction for the proposed passive air-circulation
system on brick houses. A test house was constructed to validate experimentally the effect of passive device
elements. Direct solar gain and Trombe Wall effect are the object in winter in terms of passive heat gain. Earth
cool tubes and solar chimney effect by Trombe Wall are measured to estimate the passive-cooling amount.
Operation schedule and air-circulating route are varied to obtain the maximum effect of the air-circulation
system. The thermal performance of a newly designed brick house is simulated as the second part of this paper.
Experimental results on the test house are used to validate the accuracy and feasibility of the simulation
programs. Distribution of thermal mass, arrangement of heat gain/exhaust elements, combination of other
passive devices and operation scheme are the key factors to be estimated for the optimisation of thermal
environment design in brick houses with passive systems.

INTRODUCTION

Brick houses are highly regarded in terms of life cycle
assessments such as long life span over 100 years, low
maintenance cost after construction, high appraisal of
assets in depreciation. The other characteristics of
brick wall structure are thermal effects emanated from
large thermal mass for heat storage. Two impediments
are mentioned against the construction of brick houses
in Japan. One is its fragility for earthquakes. Masonry
structures are strictly regulated with building code in
Japan. The other is moisture condensation. The moist
air in rainy early summer, the lack of ventilation
caused by small openings due to structural reasons,
the low surface temperature of bricks derived from
their large thermal mass result in condensation, mold,
and consequent hygienic disaster.

Now we have technical break-through for anti-
earthquake ability including large openings (Matufuji,
1992). If we can solve the remaining problem,
adaptation of brick houses for Japanese climate,
passive thermal environment control using large
thermal mass of bricks can be introduced for the
reduction of cooling and heating loads as well as the
stable temperature fluctuation under non-air-
conditioning.

PASSIVE SOLAR HOUSE WITH AIR-
CIRCULATION

A small test house was constructed and its thermal
performance was measured to evaluate a new
proposed air-circulation system. The air in the attic-
and crawl-space circulates through the spaces in
Cavity Brick walls and Brick Veneer walls.
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Figure 2: Floor plan of test house
with air-circulation [unit: mm]
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Figure 4: Sections and details of test house
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The small test house with a solar air-heater, Trombe
walls and cool tubes was built in Kumamoto
prefecture, southern part of Japan, August 1999. Total
area of the test house is 38m2 and air leakage area is
5.25 cm2/m2 (Figure1 to 4).

In winter, the outdoor air is heated in the solar air-
heater of 16.2m2 surface area. The solar air-heater has
an electric fan and sends the heated air to the test
house via an air  duct. The air under the floor and in
the northern Cavity Brick wall goes into the room and
diffuses. Then the air in the room goes through lower
slits on the east and west wall, goes up to the attic
space through air space in the east and west Brick
Veneer walls and finally goes out to the outdoors.
This air�flow is driven by an electric fan installed in
the attic space. Some amount of air in the room goes
into the Trombe walls through lower slits, the re-
heated air by the Trombe walls goes out to the room
through the upper slits.

In summer, the outdoor air cooled by the earth cool
tubes (20m length and 3m depth) goes into the room
and diffuses. Then the air in the room goes up to the
attic space through the upper slits on the east and west
walls and goes out to the outdoors. The Trombe walls
and the windows are solar-shaded by shutters. The
outdoor air entering the air-space in the Trombe walls
is discharged through the upper slits to prevent
temperature rising.

Figure 1: Outside view of test house

(b) North aspect (Cavity Brick wall)
Figure 3: Inside view o f test house

(a) South aspect (Trombe wall)
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Thermal performance in summer

The shutter on the Trombe walls was pulled down all
day long. The airflow rate of cool tubes was
160m3/h�(80m3/ h per one tube). Figure 5 shows the
measured air temperatures on August 4 and August
13. The outdoor air temperature on these days
exceeded 30oC.

The electric fans installed in cool tubes operated from
1 p.m. to 4 p.m. on August 4. The air temperature in
the middle of the cool tube, 3m deep and 10m apart
from the inlet, was 21oC when the fan was stopped.
Then the fan was driven, the air temperature at the
outlet of tubes was 26oC. It was 5oK lower than the
outdoor air. Though the room air temperature went
down gradually in daytime, the temperature was high
around 29oC and went up again after the cool tube fan
was stopped.

On August 13 the cooled air by the tubes was induced
to the room in the night, from 7 p.m. to 7 a.m. As the
outdoor temperature was low in the night, so the air    

temperature at the middle  of the cool tube  was  about
24oC. The room air temperature and PMV (Predicted
Mean Vote) went down gradually. The cool tube
operation in the night was more effective than that in
the daytime. In this measurement, the air temperature
at the outlet to the room was 2 or 3oK higher than that
at the middle of the cool tubes. The insufficient
thermal insulation of the outlet box caused this
temperature rise.

Figure 6 shows the comparison of the electricity
consumption for cooling between the test house with
no air-circulation system on August 21 and that with
air-circulation on August 24. The outdoor air
temperature was 24oC to 33oC on August 21, 24oC to
32oC on August 24. The solar radiation of these days
was almost the same. The setting temperature for
cooling was 26oC. While the cooling load with no air-
circulation system was 60.8Wh/m2, that with air-
circulation system was 46.1Wh/m2. As the result, the
test house with air-circulation reduced 24% of the
cooling load.

Figure 5: Air temperature in summer

Figure 6: Daily electricity consumption for cooling
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Thermal performance in winter

The shutter on the Trombe walls was pulled up from 8
a.m. to 5 p.m. the exhaust fan in the attic and the
electric fan in the solar air-heater were operating to
collect solar heat. The rest of the time, the shutter was
pulled down and the fans were stopped to prevent heat
loss.

Figure 7 shows the measured air temperature on
December 8 in 1999. The room air temperature at its
maximum was 24oC, and 12oC at its minimum in the
early morning. The temperature difference between
the outdoors and the room was 14oK at 7 a.m. by the
benefit of the solar air-heater and the Trombe walls.
The air-space temperature of the Trombe walls rose to
48oC in daytime and went down to 10oC in the
morning. The inside surface temperature of the
Trombe  walls  was  33oC  at  its   maximum   and

the radiant heat from the Trombe walls was confirmed
with a heat flux meter. The air temperature in the
solar air-heater went up to 65oC, 62oC at the inlet
under the floor, gradually went down to 40oC at the
inlet of the north wall and 30oC at the outlet to the
room, at their maximum respectively.

Figure 8 shows the comparison of the electricity
consumption for heating (heat pump air-conditioner)
between the test house with no air-circulation system
on January 26 and that with air-circulation on
February 17. The outdoor air temperature was –2oC to
6oC on January 26 and –2oC to 8oC on February 17.
The solar radiation of these days was almost the same.
The setting temperature for heating was 22oC. While
the heating load with no air-circulation system was
239.7Wh/m2, that with air-circulation system was
170.5Wh/m2. As the result, the test house with air-
circulation reduced 29% of heating load.

Figure 8: Daily electricity consumption for heating

Figure 7: Air temperature in winter (December 8)
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PROPOSAL OF A LOW ENERGY
HOUSE

The effectiveness of a passive system with the air-
circulation was validated by the measurement on the
test house. The next stage, we propose a real size
model house with air-circulation in brick walls
combined with a solar air-heater, Trombe walls and
cool tubes. Figure 9 is the plan of the proposed model
house and Figure 10 shows the sectional diagram of
the passive system. The brick house with air-
circulation is a two-storey house and the total floor
area is 194m2. The exterior walls are cavity brick
structure.   

In summer, the room air goes into the heat exchanger
under the floor through the joints on inner exterior
walls. The air from cool tubes and the return air from
the rooms exchange sensible heat at the heat
exchanger to prevent mold caused by the moist air in
cool tubes. The cooled air is sent to the rooms through

the central duct and returned to the heat-exchanger
under the floor through the air space in the east, west
and north cavity brick walls. The Trombe walls and
the windows are solar-shaded by the shutter, the
outdoor air is inhaled to the air space in the Trombe
walls, led to the attic space and exhausted to the
outdoors by the electric fan to prevent temperature
rising.

In winter, the air is pre-heated in the air space on the
Trombe walls facing to the south and sucked into the
solar air-heater by the electric fan in the air-handling
box. The reheated air is led to the central duct made of
bricks and pushed through the joints between bricks to
the rooms. The air in rooms goes through the joints
between bricks of the inner exterior walls to be
gathered in the air space under the floor and returns to
the air space on the Trombe walls. In the night, the
radiate heat from the Trombe walls and the central
brick duct keeps the room comfortable and the pulled-
down shutter on the Trombe walls prevents heat loss.

Figure 9: Plans of passive solar house [unit: mm]

(a) Ground floor plan

(b) First floor plan

kitchen

Dining roomLiving room

Bath room Entrance

Trombe wall

Storage space

UP

3,540 1,920 1,920 3,540

10,920

9,
00

0

4,
50

0

90
0

96
6

96
0

1,
80

0
1,

74
0

9,
00

0

2,
52

0
4,

50
0

90
0

1,
98

0

5,460

10,920

5,460

Child's room 2

Well-hole

DN

Wash 
room storage space

Child's room 1

Main bedroom

Well-hole

110 130
30

110

indoor outdoor

brick
air space

brick
urethane foam



164

Thermal performance simulation

A thermal performance simulation program for multi-
space dwellings called "Triple P", Passive system
simulation Program for Personal computer (Hayashi,
1992), is adopted for the simulation. The presumption
for the simulation is shown in Tables 1 to 3. Table 2
shows the components of wall structures of the
proposed solar house. However, four types of wall
and floor structure are examined to compare their
thermal performance. First type is proposed brick wall
with air-circulation system and earthen floor. The
second has the same wall structure but no air-
circulation and two floor types, earthen and wooden
floor. The third is wooden wall structure replaced the
exterior wall bricks to plywood panels and no air-
circulation. All of them have the same thickness of
thermal insulation materials in the exterior walls.

Table 1: The conditions for simulation data
Weather data: Japanese standard weather data
                       (Kumamoto)
Simulation interval:1hour
Cooling period: June - September (summer)
Heating period: December - March (winter)
Air-conditioning time:
                       living room  7-22[h]
                       main and child’s bedroom  22-7[h]
Setting temperature: cooling 26oC, heating 22oC

Simulation results

Thermal performance shown in Table 3 was
compared to confirm the validity of the proposed
system. To simplify the simulation, the effect of heat
exchanger is ignored and the air from the cool tubes is
distributed to the rooms directly. In summer, the cool
tube is supposed as 3 meters deep, 20 meters long and
310m3/h of airflow rate. The cooled air from the cool
tubes is induced to the main bedroom and the child's
rooms in the night from 9 p.m. to 6 a.m. In winter, the

Figure 10: Sectional diagram of passive devices [unit: mm]
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Table 2: Components of wall structures
Roof:              plywood 10mm, clay tile 40mm
Exterior wall: brick 110mm, air space 50mm
                       urethane foam 30mm,  brick 110mm
Trombe wall: brick 330mm, air space 450mm,
                       double glazing 5+10+5mm
Interior wall A: brick 110mm
Interior wall B: plaster board 10mm, air space 100mm
                          plaster board 10mm
GF ceiling: plaster board 10mm,
1F ceiling: plaster board 10mm,
                   urethane foam 30mm
GF floor: concrete 200mm, mat foundation 50mm
1F floor: plywood 10mm

solar air-heater is supposed as 16.2m2 of surface area
and the electric fan of 300m3/h capacity is operated
when the air temperature in the air-handling box is
exceeded 25oC.  The shutter on the Trombe wall is
pulled up from 8 a.m. to 5 p.m.

Figure 11 shows the air temperature in the main
bedroom and the outdoors on August 5 and 6. The
temperature rise in the daytime and fall at night of the
wooden house are noticeable. The air temperature in
the brick house with wooden floor is the highest in the
night. The air temperature of the brick house with
earthen floor is lower about 2oK than that with the
wooden one all day long because of its large thermal
capacity. In the brick house with air-circulation, the
air from cool tubes is circulated at night and the room
air temperature gradually goes down to the lowest of
30oC early in the morning. The maximum temperature
is about 35oC in the daytime. The brick houses have
large thermal capacity, above all the earthen floor
type has the largest. The combination of air
circulation and large thermal capacity promotes the
cooling effect.

Figure 12 shows the temperature fluctuation in living
room, main bedroom and outdoors on February 3 and
4. In the daytime, the room air temperature of the
brick house with the earthen floor was lower than that
of the wooden house. However, the former is higher
about 7K than the latter in the night and stable
because of its large thermal capacity. In the brick
house with air-circulation, the room air temperature of
its maximum was 23oC in daytime and was stable at
night because of large thermal capacity in the indoor
brick wall and the earthen floor.

Figure 13 shows the comparison of the seasonal
cooling and heating load among the four types. The
setting temperatures shown in Table 1 are applied to
these simulations. The air-conditioning time in the
living room is 7a.m. to 10p.m. the main bed room and
the children's rooms are 10p.m. to 7a.m. In summer,
the cooling  load of  the brick  house  with the  earthen

Table 3: Specification of simulation model
Wooden house (wooden floor, no air-circulation)
Change Trombe wall  and  brick exterior wall to
    wooden  exterior wall (  plywood 10mm,  mortar 10mm,
                  air-space 50mm,  urethane foam 30mm,
                      plaster boarded 10mm)
Wooden floor: plywood 10mm,  urethane foam 30mm
Interior wall type A
Brick house (wooden floor, no air-circulation)
Change Trombe wall to brick exterior wall
Change GF floor  to wooden floor
Brick house (earthen floor, no air-circulation)
Change Trombe wall to brick exterior wall.
Brick house (earthen floor, air-circulation)
Standard type
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Figure11: Main bedroom air
temperature fluctuation in summer

Figure12:Room air temperature fluctuation in winter
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floor was lower than that of the wooden house
because of the cooling effect of the earthen floor. The
brick house with the cool tube has less seasonal
cooling load of 30% compared with the wooden
house.

In winter, the thermal capacity of brick walls restricts
the temperature falling at night. Therefore, the heating
load of the brick house with the wooden floor is lower
than that of the wooden house. The combination of
earthen floor and air-circulation accelerates the
decrease of heating load. Compared with the seasonal
heating load of the wooden house, the brick house
with the wooden floor is 13% less, the brick house
with the earthen floor is 19% less and the air-
circulation brick house is 26% decreased.

CONCLUSIONS

A passive solar house using brick walls and an air-
circulation system is proposed and its thermal
performance is examined.

For the first stage, a test house of 38m2 area has been
constructed and its thermal performance measured. In
summer, the cool tube operation during night kept the
room temperature lower and PMV (metabolism rate
1.2, clothe value 0.6) approached to the comfort range
by degrees (Fig.5). The air-circulation including cool
tubes decreased the daily electricity consumption for
cooling by 24% compared with that without air-
circulation (Fig.6). In winter, using the solar air-heater
and the Trombe walls, the maximum room air
temperature reached 24oC in the daytime. The room
air temperature dropped to 12oC early in the morning.
However, it was 14oK higher than the outdoor air
temperature (Fig.7). As to the daily electricity
consumption for heating, the test house with air-
circulation was decreased 29% compared with that
without air-circulation  (Fig.8).

In the second stage, a passive system utilising thermal
capacity of brick walls and earthen floors is proposed
and its thermal performance is simulated. The passive
system is combined with a solar air-heater, Trombe
walls and air-circulation. As for the seasonal heating
load, the passive house with air-circulation is 26%
less than a normal wooden structure house. In
summer, the proposed passive system combined with
earth cool tubes decreases 30% of the seasonal
cooling load than a normal wooden structure house
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Figure 13: Comparison of seasonal air conditioning load
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