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ABSTRACT

Vertilation is one of the mogt important measures to dilute indoor ar pollutants In order to maintain a clean indoor ar
environment, not only thetota ventilation rate of the building but dso the digtribution of outdoor air to each areamust be taken
into consideration. A performance evaugtion of the combined system of air supply from the cranml gpace and hybrid exhaust
ventilation with asmall fan and damper has been invetigated. This invegtigation was undertaken over a heating season using a
full-scde test house. The ventilaion arflow rate and the digribution to each room of the tes house were messured by the
congtant concentration method. The influence of indoor-outdoor temperature difference on ventilation rate was dso andyzed.
Additiondly, the performance of this sysem was investigated by numerical analyss The reaults revedled the performance of
thisventilation sysem.
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INTRODUCTION

Background

Nowadays, indoor ar pollution in houses, caused by chemica substances, has become a mgor socid
problem. It firdly originates from building materias, furniture and housing facilities that contain
polluting chemica substances. Secondly, the problem is made worse because improved building
artightness has resulted in a reduction in adventitious ventilation or naturd ar infiltration. This
dimulates the problem to affect our daily lives. Concelvable measures againg the former would be to
avoid the use of chemicd materids as much as possble and to vent chemica substances before moving
into the residence®. On the other hand, airtightness is now considered to be acommon trend because of
the socid needs for energy conservation. The revised energy conservaion standard for residentid
building? stipulates that houses nationwide must be made airtight. Therefore, it is most important to
ventilate rooms properly and to dilute pollutants to prevent indoor air pollution. Thus, the development
of ventilation systems with good efficiency and their performance evaduation are important research
subjects.



Purpose

The purpose of this sudy is to evduae of the peformance of a hybrid ventilation system with ar
supply from crawl space for resdences. This research is based on the experiments carried out in a
full-scde test house, located a Tohoku Univeraty, Japan, and the numericd smulaion by COMIS
modd. The performance of a hybrid ventilation system with the air inlet mounted in the wal was
investigated in previous studies (Y oshino et d. 2000, Liu et a. 2000).

Methodsfor Performance Evaluation

A ventilaion rate, of 0.5 ar changes’hr (ach) is required as prescribed in the energy conservation
standard® for Japanese residences. Since the volume of the test houseis 163.9m°, 0.5 ach corresponds to
approximatedly 80m*h. The performance of this sysem was evauated by using the following two
criteria

* Isthetotal outdoor air ventilation rate sufficient?

* |sthe outdoor air distributed equaly to the 1<t floor and the 2nd floor rooms?

FULL-SCALE TEST HOUSE AND VENTILATION SYSTEM

Description of the Test House

The outlook of the full-scale test house is shown in Figure 1 and the floor plans are shown in Figure 2.
The totdl floor areais 78.9m? and the volume of the house is 163.9m°. The equiva ent leskage area of
the building envelope per unit floor arealis about 2.65cm?m? (as determined by the fan pressurization
method). An ar-conditioning unit is ingaled in each room except for the hal aress. There are two
interna doors between each room and the hdl. Each internd door has two ventilation openings of 10cm
x 10cmingze.

Air conditioner
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Fi gure 1: Thefull-scale test house Chamber in the crawl sptoe (2.6mx 1.8mx 0.25m)
Figure 2: Hoor plans of the full-scale test house

Ventilation System

The configuration of the investigated hybrid ventilation system is shown in Figure 3. The outsde ar
comes through the ducts of 20cm diameter, which are embedded under the ground and are connected to
a chamber of dimendons 2.6mx 1.8mx 0.25m located in the crawl space. Additiond ducts of smilar
diameter are connected from this chamber to both the 1st floor and the 2nd floor. An electric hegter is
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exhaust verttilation system

ingaled in the chamber to preheet the incoming air. Other ventilation features include a supplementa
fan and adamper, which are incorporated into the exhaust passve duct of the hybrid ventilation system.
These are controlled autometically according to the indoor-outdoor temperature difference. In this case,
the fan capacity is 170m*h at the pressure of 18.62Paand the electric power of SW.

OUTLINE OF EXPERIMENTS

Experimental Conditionsand Periods

Experimenta conditions and periods are shown in Table 1. In each case, the outsde air was supplied to
each room via ducting from the cravl space. A mixing chamber in the crawl space was used to heet the
incoming ar. In Experiments No. 1 and No. 3, thereis no hesting in the chamber. In Experiments No. 2
and No. 4, the incoming ar was hegted to room temperature. In Experiments No.1 and No.2, the ar
inlets of the ducts from the crawl soace were kept fully open. In Experiments No. 3and No. 4, the arees
of the 1<t floor duct inletswere reduced to 1/6 while the 2nd floor duct inlets remained fully open.

M easurement Method of Ventilation Airflow Rateand Air Disribution

The outdoor arflow rate didributed to each space for ventilation (i.e. the ventilation rate and the
digribution of ventilation air between floors and rooms) was measured using the constant concentration
tracer gas method in which Sk gasisused for the tracer. Gasinjection was controlled so that the indoor
SFs gas concentration should be maintained a 10ppm. The test equipment condsted of a B&K 1302
multi gas monitor and two B& K 1303 multipoint sampler and dosers.

RESULTSOF EXPERIMENTS

Relationship between Ventilation Rateand Insde Temper atur e of Chamber in the Crawl Space

Fgure 4 shows the temperature profile at the outlet of the chamber ingaled on the 1 floor and the
arflow didribution to each room for Experiment Nos. 1 and 2. The results for Experiment No 1 are
shown to the left of the dotted line and the results for Experiment No 2 are to the right of the line. The



ar digribution to the 1t floor rooms is high when no hegting is gpplied (i.e. Experiment No.1). When
the heater in the chamber was turned on (Experiment No.2), the ar didribution to the 1<t floor
decreased gradudly whilethe ar digtribution to the 2nd floor roomsincreased. When the temperaturein
the chamber was dose to the room temperature of 25°C, the digtribution of air to the 1t floor and 2nd
floors were dmogt the reverse of the unheeted case. When the temperature in the chamber was a 17°C,
the air distribution supplied to each room was dmost equd.

Ventilation Rate and Distribution

The results are summarized in Figure 5. The total ventilation rate considerably exceeded 80m¥hin dll
cases. Thedigtribution of outdoor air to each room in each caseis discussed asfollows:

« Experiment No.1: The outdoor arflow rate to the 2nd floor was very low. Thisis because the length
of supply duct islong and the airflow resistance of the supply duct islargein comparison with that to the
1< floor.

» Experiment No.2: In this experiment, the outdoor air entering the crawl space chamber was heeted.
The amount of outdoor ar supplied to the 2nd floor became large, and that to the 1t floor decreased
condderably. This is because the stack effect due to the heated supply air to the 2nd floor became
grester.

» Experiment No.3: The opening area of the duct inlet on the 1< floor was reduced to 1/6 of the
origina area. Asaresult, the outdoor airflow rate to the 2nd floor increased in comparison with
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Experiment No.1 and became equa gpproximately to the 1<t floor.
» Experiment No.4: The supply air was heated and the opening area of the duct inlet on the 1<t floor
was reduced to 1/6 of the origind opening area. The outdoor arflow rate to the 2nd floor was very high
because of the stack effect. Tha of the 1 floor became lower than Experiment No.2 because the

opening area of the duct inlet was reduced.

Influence of Indoor-Outdoor Temperature Difference

The outdoor arflow rate to each room increased in accordance with the increase of temperature
difference, i.e. stack effect. But, the stack effect became smaler when the air resstance of supply duct
increased. When the outdoor ar entering the crawl space chamber was heated, the ventilation airflow
rate to the 2nd floor increased because of the stack effect. In the Experiment No.3, which is shown in
Figure 6, the outdoor arflow rate to dl of the rooms increased because the supply resstance to dl the
rooms became dmogt the same by adjusting the opening area of the duct inlets on the 1<t floor.

NUMERICAL ANALYSIS

Conditions of Calculations

The conditions of caculations are shown in Table 2. The test house was aso used for the amulations.
The opening areaof the duct inlet on the 1t floor and the temperature in the crawl space chamber were
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Figure 7: Reaults of smulaions
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changed as cdculaion parameters. Ther influences on the ventilation rate and ditribution to each room
were investigated.

Reaults of Smulations

The reaults of amulations are shown in FHgures 7, 8 and 9. FHgure 7 shows the whole results of
amulation. Figure 8 shows the influence of the opening area of the duct inlet on the 1< floor. Figure 9
showsthe influence of the temperature in the crawl space chamber. The gar marksin Figure 7 mean the
conditionsin which the air distribution to each floor was dmost equa between each room. In Figures 7
and 8, the air digtribution to the 1< floor decreased in accordance with the decrease of the opening area
of the duct inlet, and that to the 2nd floor increased. In Figures 7 and 9, when the temperature in the
chamber became higher, the air digtribution to the 1<t floor decreased and that to the 2nd floor increased.
Inall the cases, the total ventilation rate considerably exceeded 80m*h.

CONCLUSION

In this system, outdoor ar could be supplied dmost equdly to dl rooms by both adjusting the opening
area of the supply arr inlets and controlling the temperature to which the supply air is heated. This
system could achieve sufficient ventilation without using the exhaust fan in the exhaust passive duct.
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FOOTNOTE

1) The method of heating indoorsto expedite emission iscaled “Bake Out,” and its effects have begun to be studied in various
fields. Nonethdess, it has not established itsdf as a technique. Air pollution of newly built houses disgppears after the
summer has passed. That is, it isbdieved that pollutants are emitted during summer like the Bake Out effect.

2) Judgment Standards for Builders Regarding the Rationdlization of Energy Use for Houses, Natification No. 2 of the Minigry
of Internationa Trade and Industry and the Ministry of Consgtruction, March 30, 1999

3) Indtitute for Building Environment and Energy Conservation, Energy Consarvation Standard for Next Generation Residence,
September 1, 2000
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