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EXECUTIVE SUMMARY 

The Laminar Air Flow Super Window - Humidity Controlled Air In let - Baseboard 

heat (LAFSW /HCAl/BH) system is a means of supplying preheated ventilation air 

to individual rooms in a house. The system consists of three elements: 

1. The Laminar Air Flow Super Window is a triple g lazed window which 

draws outdoor air into the house between its panes and pre-warms this 

outdoor air with the heat which would normally be lost through the 

window by conduction. · From computer simulations, nighttime RSI 

values as high as RSI 2.5 have been predicted for this window. 

2. The Humidity Controlled Air Inlet system consists of two parts, a central 

exhaust fan and humidity controlled air inlets in each room. The 

exhaust fan operates continuously, drawing air from the kitchen and 

bathrooms and maintaining a negative pressure in the house. The 

HCAls in the other rooms open depending on the humidity level in each 

room. The negative pressure draws intake air into the house through 

the HCAls which are located at the outlets of the LAFSWs. 

3. The baseboard heaters supply the fluctuating heat demands of the 

rooms, and avoid the loss of ventilation efficiency which can be caused 

by the air mixing action of a central furnace. The HCAI system relies on 

diluting the indoor pollutants in the house with fresh air rather than air 

from other areas of the house. 

This project summarizes the work on a project to demonstrate and monitor the 

performance of the LAFSW /HCAl/BH system installed in a newly constructed 

house in Winnipeg, Manitoba. The objective of the project was to identify both the 

benefits and deficiencies of employing the LAFSW /HCAl/BH system in new 

energy efficient housing by conducting one time/pre-occupancy measurements 

of airtightness and air infiltration and carrying out continuous monitoring under 

normal occupancy conditions of various temperatures, relative humidities and 

exhaust fan flow rates. 
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The project commenced in January, 1989. At that time construction of the 

demonstration house was approximately 60 percent complete with the windows 

already installed and ducting for the central exhaust ventilation system in place. 

By Mid-February, 1989, construction of the demonstration house was complete. 

Fine tuning of system components and, airtightness and air infiltration 

measurements followed thereafter. By mid-April, the house was occupied by two 

people and continuous monitoring began. Testing and continuous monitoring 

was completed in July. 

The LAFSW/HCAl/BH system was found to perform reasonably well in heating 

and ventilating the house. However, some difficulties were encountered and 

further development of the controlled air inlets will be required. The HCAls that 

were used did not restrict air flow sufficiently in the closed position. It was also 
determined that relative humidity is not a good indicator of occupancy. I t  was 
also realized that back draft dampers at the air inlets ar'e necessary to avoid 
backdrafting problems and temporary frosting of windows in the winter 

(backdrafting sometimes occurred in windows on the leeward side of the house 
on very windy days). 

Radon levels in the basement were measured to be above the United States 
Environmental Protection Agency's (U.S.E.P.A.) action level of 4 pCifL, although 
they did remain below Health and Welfare Canada's long-term exposure guideline 
of 20 pCi/L. Incorporating subslab ventilation into the central exhaust system 
should reduce the radon levels to below the U.S.E.P.A. action level. 
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1.0 INTRODUCTION 

In recent years, a move toward energy efficiency in residential housing has 

resulted in tighter house construction and a need to provide controlled ventilation 

to maintain acceptable indoor air quality. Subsequently, a draft set of guidel ines 

for venti lating houses has been developed. These guidel ines are contained in 

CSA Standard F326.1, Residential Ventilation Requirements. 

In the CSA Standard, there are strict ventilation requirements which specify the 

amount of outdoor air to be supplied to each room. At -present, a heat recovery 

venti lator (HRV) with a forced air furnace is the only common means of satisfying 

the requirements. (Another means which is less common is an HRV with 

appropriate ducting and baseboard heating.) However, the cost of a heating 

system and HRV is relatively high. There is therefore, a need to identify alternate 

means of meeting the F326. 1  ventilation requirements. This initiated the 

development of the Laminar Air Flow Super Window - Humidity Controlled Air Inlet 

- Baseboard Heating (LAFSW /HCAl/BH) system which may offer an energy 

efficient means of supplying heat and ventilation air to houses. 

To assess the performance of the LAFSW /HCAl/BH system, a demonstration 

house equipped with the system was constructed in Winnipeg. Airtightness, air 

infiltration, and indoor air quality measurements were made, and continuous 

occupied monitoring of temperatures, relative humidities, and exhaust fan flow 

rates was carried out. The demonstration project identified both the benefits and 

deficiencies of employing the LAFSW /HCAl/BH system in new energy efficient 

housing. 

2.0 SYSTEM COMPONENTS 

2. 1 Laminar Air Flow Super Window (LAFSW) 

2. 1.1 Description 

The LAFSW is a triple glazed window which draws outdoor air into the house 

between its middle and exterior panes and pre-warms this air with heat which 

would normally be lost through the window by conduction. From computer 

simulations, nighttime thermal resistance values as high as RSI = 2.5 m2K/W 
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have been predicted for this window (based on a flow rate of 11  L/sec through a 

triple glazed window that is approximately 1 m high, by 1 m wide, and has an air 

flow gap width of 12.7 mm). For the windows installed in the demonstration 

house, where the air flow rate through each window is approximately 5 L/sec, a 
nighttime thermal resistance value of RSI = 0.8 m2K/W has been predicted. As 
the airflow rate through the window is decreased from 11 L/sec to 5 L/sec, the 
thermal resistance value also decreases, since some of the heat that is picked up 

by the slower moving airstream is allowed to reach the outer pane and leave the 

house. In laboratory tests conducted by the National Research Council, the 

measured rise in air temperature through the LA.FSW was found to be simi lar to 

that predicted when using computer s imulations. 

2.1.2 Fabrication 

in a separate project carried out in 1988, a PVC e frarned version of ihe LAFSW 
was designed. Basically, this involved the design of the sash top cross section, 

sash bottom cross section, and sash side cross section of the window. However1 

because the extrusion dies of the window have been considered too costly for the 

few windows to be manufactured in the near future, an alternate LAFS\A/ was 

designed. This design was essentially a modified version of one of Willmar's 

Triple glazed openable windows. Because this version required three new 

extrusion molded components from extrusion dies that were relatively low in cost 

to make, the windows fabricated for use in the demonstration house were of this 

type. Assembly of the Laminar Air Flow Super Windows was similar to that of the 
conventional PVC-framed windows. However, some machining on the extrusions 

was required. 

A cross-sectional drawing of the LAFSW used in the demonstration house is 

contained in Appendix A. The three new extrusion molded components are 

labelled. 

2.1.3 Cost of the LAFSW 

The Laminar Air Flow Super Window is estimated to cost approximately $40.00 
more per m2 of g lazing than its conventional triple glazed equivalent. Putting this 
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into perspective, the LAFSW is expected to cost 7 percent more than the 

conventional window. 

2.1.4 Supplier of the LAFSW 

3 

Willmar Window Industries Ltd. of Winnipeg, Manitoba, designed and 

manufactured the Laminar Air Flow Super Windows used in the demonstration 

house. At present, Willmar Windows can manufacture and supply these windows 

in relatively small quantities. If demand for the LAFSW increases, Wil lmar 

Windows has the capability of expanding their production since extrusion dies for 

the window have already been designed. If windows are manufactured from 

sections using the proposed sash component designs, the cost of the LAFSW 

should be comparable to that of its conventional equivalent. 

2.2 Humidity Controlled Air Inlet (HCAI) and Central Exhaust System 

2.2.1  Description 

The HCAI system consists of two elements, a central exhaust fan, and humidity 

controlled air inlets in each room that requires fresh ventilation air. The exhaust 

fan operates continuously, drawing air from the kitchen and bathroom, and 

maintaining a negative pressure in the house. The HCAls in the other rooms 

open depending on the humidity level in each room. The negative pressure 

draws intake air into the house through the HCAls which are located at the outlets 

of the LAFSWs. Depending on the openness of the HCAl 's, this negative 

pressure ranges from 4 Pa to 7 Pa. 

Literature on the multi-point mechanical venti lation exhaust system used in the 

demonstration house is contained in Appendix A. 

2.2.2 Cost of the HCAl-Central Exhaust System 

The contractor/dealer price for a HCAl-Central Exhaust system like the one 

installed in the demonstration house is $1096.00. This compares to $2,500.00 for 

an HRV system. It should be noted that by using a different exhaust fan and 



manually controlled air inlets the cost of the ventilating system can be reduced 

substantially. 
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2.2.3 Supplier of the HCAl-Central Exhaust System 

American Aides Ventilation Corporation of Sarasota, Florida, U.S.A., supplied the 

HCAI system used in the demonstration house. Their product is well established 

in Europe and is now readily available in North America. 

2. 3 Baseboard Heaters 

2.3. 1 Purpose of Baseboard Heating 

The baseboard heaters supply the fluctuating heat demands of the rooms, and 

avoid the loss of ventilation efficiency which would be caused by the air mixing 

action of a central furnace. The HCA! system relies on diluting the indoor 
pollLitants with fresh air rather than air from other areas of the house. It is 
important to note that any type of radiant heating system is also suitable for use 

with a LAFSW ventilating system . 

2.3.2 Cost of the Baseboard Heating System 

The baseboard heating equipment in the demonstration house is valued at 

approximately $450.00. 

2.3.3 Supplier of the Baseboard Heating Equipment 

Westcan Electrical Manufacturing Inc. of Mississauga, Ontario supplied the 

baseboard heating equipment that was installed in the demonstration house. 

3.0 INSTALLA.TION OF THE LA.FS\A//HCAl/BH SYSTEM 

3.1 Construction of the Demonstration House 

House construction began on October 18, 1988 at 114 Payment Street, Winnipeg, 

Manitoba. By mid-February, 1989, construction of the demonstration house was 



complete with the exception of some of the exterior finish, including the stucco 

siding, which was applied in warmer weather. While the overal l construction of 

the house was much the same as for other tract houses which Flair Homes 

builds, Yuil l  and Associates Ltd. provided the builder with technical assistance on 

installation of the components of the LAFSW /HCAl/BH system during the course 

of construction. 

Because venti lation air is drawn through intentional openings in the building 

envelope by the negative pressure created by the central exhaust fan, it was 

important that the house be air-tight; so that most of the ventilation air would enter 

through the intentional openings (LAFSW /HCAI units). In the construction of the 

demonstration house, the following airtightening measures were taken:  

1. continuous vapor barrier throughout (overlaps sealed with acoustical 

caulking); 

2. Tyvec paper to seal woodframe-wall/concrete-wall interface; 

3. urethane foam around windows and indoor-to-outdoor penetrations; 

and, 

4. 6 mil poly under the concrete slab and joined to the vapor barrier on the 

walls in the basement with acoustical caulking. 

The latter measure was incorporated to serve two purposes. The first was to 

increase the airtightness of the house and the second was to prevent the entry of 

radon into the house as a result of maintaining the house at a negative pressure. 

The fol lowing sections briefly discuss the installation of the LAFSW /HCAl/BH 

system components. 
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3.2 Installation of the Laminar Air Flow Super Windows 

Five Laminar Air Flow Super Windows were installed on the main floor of the 

demonstration house. Their locations are shown on the floor plan contained in 

Appendix A.2. 

The procedure for installing the laminar air flmv super window is no different than 

that for installing conventional windows, since the window frames on each type 

are the same. There is, however, one important precaution to take; especially, 

during cold weather installations. The outlets of the laminar air flow super 

windows must be sealed until the central exhaust system is up and running. This 
...... ust be "'o'"'"' h ........... ,,..,.. mo1's•ure g ................... ...i ...iu .. 1'ng '"'o-s• ......... : ........ ·w:u •-ave •he 111 u I 10 uo1,,,au;:,o 11 L t::I lvl aLvU u I '"' I I LI U l,,, LIUI I Ill Iv l 

house through these windows if their outlets are not sealed. The net result of 

moistu re leaving through these windows during cold weather is condensation 
freezing on the outside glazing. 

3.3 Installation of the Humidity Controlled Air Inlets and Central Exhaust Fan 

System 

The central exhaust fan and associated ducting can be installed during or after 

house construction, depending on whether the duct runs are located in the 

interior walls or in the attic. The central exhaust fan may be located either inside 

or outside the heated space. It is important to note, however, that when the fan is 

located outside the heated space it cannot be turned off in cold weather, since 

moisture in the air which leaves the house through the exhaust system may 

condense and freeze inside the fan unit. Despite this point, there are advantages 

to locating the van in the attic. They are lower noise levels in the living space, and 

shorter duct runs . 

I n  the demonstration house the fan unit was located in the basement. This made 

it easier to make modifications to the system when testing . Also, by keeping the 

fan unit in the heated space, there are less penetrations through to the attic and 

thus, a greater probability of maintaining airtightness. Once the central exhaust 

fan was runn ing, the se&ls on the laminar air flow super windows were removed 

and the humidity controlled air inlets were installed. 

6 



The fan unit was designed to exhaust air from the house at a rate of 

approximately 50 L/sec. At this flow rate, house depressurization would range 
from 4 Pa to 7 Pa, depending on the openness of the HCAl's. 50 L/sec 

corresponds to the minimum fresh air requirement for the demonstration house, 

as specified in CSA Standard F326.1. 

The installation manual for the central exhaust system is contained in Appendix A 
· of this report. 

3.4 Installation of the Baseboard Heating System 

Baseboard heaters were installed according to standard procedures. 

3.5 Overall System Installation 

In general, the LAFSW/HCAl/BH system was easy to instali. The laminar air fiow 

super windows were installed in the same fashion as conventional windows, and 

the baseboard heaters were installed according to standard practice. The central 

exhaust system which includes the fan unit, g rills, humidity controlled air inlets, 

and all of the necessary ducting was supplied as a complete kit and was installed 

in approximately one day. Had the exhaust fan unit been located in the attic, the 

installation time would have been approximately one half day, since special 

ducting that was used in the wall stud space for connection to wall mounted 

exhaust grills would not have been required (for the attic installations, only flexible 

ducting is required for attachment to gri lls that penetrate the cei ling). 

4.0 MONITORING THE PERFORMANCE OF THE LAFSW /HCA! /BH SYSTEM 

4.1 Introduction 

Monitoring the performance of the Laminar Air Flow Super Window - Humidity 

Controlled Air In let - Baseboard Heating system in the demonstration house 

involved conducting one time/pre-occupancy tests and continuous monitoring 
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under normal occupancy conditions. Most of the one time/pre-occupancy tests 

were conducted in March, immediately following the construction of the 

demonstration house. During this month, the monitoring equipment was installed. 

The house was occupied by mid-April and continuous monitoring commenced 

thereafter. 

Pre-occupancy tests included a series of airtightness tests and a series of air 

infiltration tests. 

Occupied monitoring involved two months of continuous monitoring of various 

temperatures, relative humidities and air flow rates in the exhaust plenum. Radon 

levels in the basement and on the main floor were continuously monitored for 

several weeks.  A time 'Neighted average formaldehyde measurement was made 

on the main floor. 

It is important to note that the two months of continuous monitoring was broken 

on several occasions due to intermittent breaks in electrical power. Monitoring 

was actual ly conducted over a period of three months during which approximately 

two months of meaningful data were collected. To present the findings from 

continuous monitoring, sets of unbroken data were selected from the entire set of 

data and imported into LOTUS fi les for graphing. Several weeks of data that were 

obtained during periods of warmer weather have not been presented as opening 

and closing of windows went unrecorded, thus, making it difficult to interpret 

some of the logged data. 

The following sections describe the measurement instrumentation used and 

present the results from testing under pre-occupancy and normal occupancy 
conditions. 

4.2 Test Methodology 

4.2.1 Airtightness Tests 

A blower door was used to conduct five fan depressurization tests on the 

demonstration house. Four were conducted in a previous study; one was 

conducted in the present study. Results from the first four tests have been 
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included in the Appendix section of this report since the findings were of 

importance to the present project. 

Testing was conducted according to the CGSB Standard, "Determination of the 

Airtightness of Building Envelopes by the Fan Depressurization Method" 

(CAN/CGSB - 149.10 - M86). Tests were carried out for the following conditions: 

1. all intentional openings sealed; 

2. HCAl's in the fully closed position; 

3. HCAl's in the half-opened position; 

4. HCAIS in the ful ly opened position; 

5. all intentional openings sealed (test 1 was conducted before the stucco 

siding was applied; test 5 was conducted after the stucco siding was 

applied). 

To obtain conditions 2, 3 and 4, the HCAl's were manually fixed to the 

corresponding positions. 

4.2.2 Air Infiltration Measurements 

Air change rates were measured using the sulfur hexafluoride tracer gas decay 

technique. Four tests were conducted with measurements made in seven 

locations simultaneously, during each test. The locations were the living 

room/dining room, the kitchen, the master bedroom, the second bedroom, the 

third bedroom, the basement, and the exhaust plenum from the central exhaust 

fan unit. Knowing the room volumes and the measured air change rates in each 

room, weighted average air change rates for the house were determined. 

It is important to note that the measured room air change rates were only 

approximate, since there is no means of dealing with the cross contamination that 

occurs when using this measurement technique. However, because the airflows 

in the house were from the rooms and toward the central points of exhaust, the 

potential for cross-contamination was minimized. The results obtained for the 

kitchen and bathroom may be suspect as air from other rooms passes through 

them. 
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As with the first four airtightness tests,  the air infiltration measurements were 

conducted in a previous study. Due to their relevance to this study, the findings 

have been inciuded in the Appendix section of this report . 

4.2.3 Pressure/Flow Characteristics of the Laminar Air Flow Super Window -

Humidity Controlled Air Inlet System. 

Prior to the construction of the demonstration house, the pressure/flow 
characteristic curves for the Laminar Air Flow Super Window - Humidity 

Controlled Air Inlet system were determined. The purpose of determining these 

characteristics was to estimate the number of windows required in the 

demonstration house to meet ventilation requirements without causing significant 

house depressurization. 

An axial fan and damper system was used to provide air to the window at various 

air flow rates. These air fiow rates were measured with a caiibrated beii-mouthed 

nozzie iocated upstream of the axial fan and damper system. One inclined 

manometer was used to measure the air flow rate at the throat of the nozzle (this 

was also the air flow rate through the window); another one was used to measure 

the pressure drop through the LAFSW /HCAI system. 

The pressure/flow characteristics of the LAFSW /HCAI component of the system 

were measured in a previous study. Because of their relevance to the present 

study, they have been included in the Appendix section of this report. 

4.2.4 Continuous Monitoring 

To assess the performance of the LAFSW /HCAl/BH system and its impact on 

temperatures and relative humidities in the house, continuous monitoring under 

normal occupancy cond itions was carried out. Twenty-six channels of a data 

acquisition system were utilized to measure the following: 

- indoor temperatures at floor, mid-wall, and ceiling heights; 

- outdoor temperatures; 

- delivered air temperatures from LAFSWs; 

- temperatures just below the HCAls on the LAFSWs; 
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- relative humidities in four rooms; 

- relative humidity at humidity sensor on an HCAI; 

- air flow rates in the exhaust plenum. 

The continuous monitoring instrumentation consisted of the following 

components: 

a) IBM PC/Xf complete with a 20 MB hard disk and battery backed time 

clock; 

b)Sciemetric Instruments Model 8082A Electronic Measurement System 

interfaced to the IBM PC/XT by a Sciemetric Instruments IBM interface 

card; 

c) Sciemetric Instruments Model 107 Relative Humidity Sensors; 

d) Dwyer Instruments Model 602-1 Pressure Transducer and Van-EE flow 

sensor for measuring air flows in exhaust plenum; and, 

e)type T thermocouple wire. 

The data acquisition system was controlled by the Sciemetric Instruments Level 5 

software. Each channel was scanned once every 30 seconds and the humidities 

and air flow rates through the exhaust plenum were stored on disk every hour 

(accumulative total and averaged). At the end of the day, the data file was closed 

and a new data file was opened for the new day. Thus, a separate data file was 

created for each day. 

4.2.5 Radon and Formaldehyde Measurements 

Radon. Radon levels in the demonstration house were continuously monitored 

for several weeks. Measurements were made in the basement and on the main 

floor. A Pylon Instruments Model AB-5 Radon Monitor was used to make the 

measurements. 

Formaldehyde. A Berkeley PF-1 Formaldehyde Monitor was hung in a central 

location on the main floor of the house for approximately seven days. The 

monitor was then sent to a local laboratory for analysis. 
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rejected due to non-continuity or because it was obtained during warm weather 

when the data were less meaningful. As pointed out earlie r, during warm weather, 
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the data. Also, some of the data were meaning less during warm weather; for 

example, delivered air temperature from a window that was open. 

Only two of the four data sets are referred to when discussing the results from 

monitoring . They are data sets 1 and 3. The other two sets (data sets 2 and 4) 

were obtained during warmer weather. No attempt at interpretation of these data 

has been made because the frequent opening and closing of windows and doors 

went unrecorded. The figures derived from all four data sets are contained in 

Appendix B. 

The raw data were imported into LOTUS spreadsheets and the fol lowing figures 

were generated for each of the four monitoring intervals: 

1. Temperature Profiles. Five temperatures are plotted. They are the 

outdoor temperature, the delivered air temperature from the LAFSW in 
bedroom no. 3, and the indoor temperature at the floor, mid-wall, and 

ceiling heights. The indoor temperature measurements were made 

along an opposite wall from the LAFSW. 

2. Exhaust Fan Flow Rate. Houriy average airflow rates through the 

exhaust duct from the central exhaust fan unit are plotted . 

3. Relative Humidity. The relative humidity at three locations in the house 

are plotted. These locations include the master bedroom, bedroom 

no. 2, and the bathroom. Relative humidity was continuously 

monitored in the dining room. However, the data for this location was 

rejected due to drifting in the readings. 

4. Master  Bedroom Relative Humidity. The re lative humidity in the 

master bedroom, wall away from the LAFS\.V /HCAI ventilator unit, is 

plotted with the reiative humidity measured at the sensor on the 

humidity controlled air inlet. 
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5. Temperatures: Delivered and Below HCAI. Two temperatures 

continuously monitored at the living room LAFSW are plotted; the 

delivered air temperatures and the air temperatures immediately below 

the humidity controlled air inlet. 

6. Delivered Air Temperature. The air temperature rise through the living 

room LAFSW is shown by plotting the outdoor air temperature and the 

del ivered air temperature. 

7. Surface Temperature Log. The inside surface temperatures of a 

laminar air flow super window and a conventional window of similar 

configuration are plotted. 

In addition to the data plots described above, three additional plots were 

generated using data from the first data set (April 24, 1989 to April 30, 1989). 

These three additional plots show the heat exchanger effectiveness of the 

windows in bedroom no. 3, the living room and the dining room. 

4.3.5 Results from Radon Monitoring 

Radon levels were continuously monitored for approximately seven weeks. For 

four weeks, the radon monitoring instrumentation was placed in the basement. 

For three weeks, it was placed in the bedroom on the main floor. 

A central air conditioning unit was installed on July 11, 1989. Prior to this date, 

radon monitoring was conducted at times when windows in the house were open 

much of the time. After July 11, the radon monitor was placed in the bedroom for 

approximately one week and then in the basement for approximately one week. 

The monitoring periods were July 13, to July 19 and July 19 to July 26 for the 

bedroom and basement, respectively. For these two monitoring periods, 

windows in the house were closed al l of the time. 

The results from radon monitoring are presented in Appendix D. For the three 

intervals where monitoring was conducted in the basement, the average radon 

levels were measured to be 23.2 pCi/L, 15.3 pCi/L and 6.8 pCijL. For the two 

intervals where monitoring was conducted in the bedroom, the average radon 

15 



levels were measured to be 1.0 pCi/L and 3.4 pCijL. The latter figure for each 

location corresponds to the monitoring period where windows were closed. 

Putting these measurements into perspective; the Federal-Provincial Advisory 

Committee concerned with indoor air quality issues recommends that remedial 

measures be taken where the level of radon in the home is found to exceed 22 

pCi/L as the annual average concentration in the normal l iving area. 

4.3.6 Time Average Formaldehyde Level 

# 
A Berkeley PF-1 Formaldehyde monitor was hung at the hallway entrance to the 

l iving room from July 13, 1989 to Ju ly 19, 1989. The central air conditioning unit 

was running during this period. Thus, the measurement was made when al l 

windows in the house were closed. The time average formaldehyde level was 

measured to be 0.128 ppm. This is slightly higher than Health and Welfare 

Canada's long-term exposure l imit of 0.1 ppm. 

The laboratory test report for this measurement is contained in Appendix E. 

4.3. 7 Review of the Results from Previous Work 

To better understand the find ings in the present project, the findings from 

previous related work have been included in Appendix F of this report. These 

findings are in both graphical and tabular form. They include the pressure/flmv 

characteristic curves for the LAFSW /HCAI combined system component, and the 

results from a series of airtightness measurements and a series of air infiltration 

measurements. 

As previously mentioned in Section 4.3.1, the series of airtightness tests revealed 

the fol lowing: 

1. Approximately half of the venti lation air enters the house through the 

non�intentional openings. 

2. The turn down ratio for the LAFSW /HCAI system component is 

relatively high. In other words, the d ifference in air flow rate through 
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the window with the HCAI fully closed and fully opened is relatively 
small. 

The latter point was originally determined when measuring the pressure /flow 

characteristic curves of the LAFSW /HCAI combined system component. 

The series of tracer gas tests produced a small set of data that was quite valuable 

for assessing the performance of the LAFSW /HCAl/BH system. These tests 

revealed the fol lowing: 

1 .  The house, in general, is adequately venti lated. However, some areas 

of the house get too much ventilation air while other areas get too little. 

2. Incremental opening of the humidity controlled air in lets has l ittle effect 

on the overall ventilation rate; since the central exhaust fan unit 

attempts to maintain a constant exhaust flow rate regardless of the 

size of intentional and non-intentional openings in the house. 

I t  should be noted that the overall air change rate in the house was found to 

decrease slightly with incremental opening of the humidity controlled air inlets. I t  

was not due to the settings of the HCAls, but due to the change in weather 

conditions over the course of testing. When the HCAls were fully closed, wind 

conditions were such that the exhaust outlet from the house was on the leeward 

side and the LAFSWs were on the windward side. The opposite conditions 

occurred when the HCAls were in the fully opened position. 

4.4 Discussion of Results 

Testing and monitoring generated a substantial amount of data for use in 

assessing the performance of the LAFSW /HCAl/BH system installed in the 

demonstration house. The data were obtained for both occupied and 

unoccupied conditions. Most of the data, obtained in the present project, were 

acquired during occupied conditions. While the house was not occupied until 

April when weather conditions were considerably warmer than in mid-winter, there 

were periods in April and May when outdoor temperatures were somewhat cooler 

than indoor temperatures and cold weather trends cou ld be observed. 
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Appendices 8.1 and 8.3 contain sets of data from such periods. Two other sets 

of logged data are contained in Appendices 8.2 and 8.4. However, because they 

were obtained during warmer weather conditions, little reference is made to them 

in the fol lowing d iscussion. 

The logged data contained in Appendices 8.1, 8.2, 8.3, and 8.4 correspond the 

monitoring periods, April 24 to April 30, May 10 to May 15, May 19 to May 25, and 

June 17 to June 22, respectively. For the remainder of this discussion the 
....... """'F"ilt.:f.,,.,._IF:...,.,._ .,...,... .. :...,._,.J,,.,. .,.,:If &-._- ... _,_ .. .,,_...J ..a.- -- ,a.L.,._ .t! ... -4- ---!4---:-- ---!-..J .&.L...- ----- -! 
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monitoring period , the third monitoring period , and the fourth monitoring period. 

Prior  to the commencement of this project, there was concern that the system 

may cause co id drafts because air entering the rooms through the LAFSWs is not 

necessarily pre-warmed to the same temperature as the room air. For example, it 

was predicted that if the outdoor air is -18°C, the temperature of the air entering 

the rooms through the LAFSWs is approximately -10°c. To address this concern, 

thermocouples were used to measure delivered air temperatures, air 

temperatures immediately below the inlets and air temperatures at the floor, mid

wall , and ceiling heights in rooms with LAFSWs. Figures 1, 2, and 3 in each 

subsection of Appendix A show the various temperatures mentioned above. 

Figure 11 Temperature Profiles, shows the outdoor air temperature, the de livered 

air temperature and the vertical room air temperature for bedroom no. 3. 
Exc luding times of solar gain, the average rise in temperature through the window 

was approximately 3°C. The average temperature difference between the floor 

and ceiling of the room was approximately 3°C. During the third monitoring 

period, solar gain caused the temperature of air flowing through the window to 

rise well above the indoor air temperature on several occasions. 

Figure 2 in each subsection of Appendix B shows the delivered air temperature 

and the air temperature immediately below the HCAI on the living room LAFSW. 

Throughout the first and third monitoring periods (times of cooler weather), the 

temperature of the air immediately below the HCAI was considerably higher than 

the temperature of the air entering the room. On a few occasions during the first 

monitoring period , the air temperature immediately below the HCAI was much 
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higher than the temperature of the air in the room. This was l ikely due to the 

presence of the baseboard heater immediately below the window. 

Figure 3 shows the outdoor air temperature and the delivered air temperature 

from the living room LAFSW. The difference between these two temperatures is 

the temperature rise through the window. Excluding times of solar gain, the 

average rise in temperature through the window was approximately 3°C, 

consistent with that of the window in bedroom no. 3. 

I t  is difficult to state whether or not the system creates cold drafts just by 

examining the plots in Figures 1, 2, and 3. While the two occupants of the house 

did not have any complaints about the system, they also did not occupy the 
house during extreme cold weather conditions. However, the field test personnel 

spent many hours in the house in March when outdoor temperatures were as 

cold as -28°C. They did not perceive any cold drafts. 

Figure 4 shows the inside surf ace temperatures of two windows on the east side 

of the house (front). One window was a laminar air flow super window; the other 

was a conventional window. A review of the logged data reveals that the 

temperatures are approximately the same. However, during times of solar gain 

the LAFSW is slightly warmer. 

Figure 5 shows the relative humidity at three locations in the house (the master 

bedroom, bedroom no.2, and the bathroom). A review of these plots suggests 

that relative humidity is not a good indicator of occupancy. There was no pattern 

in the relative humidity levels which indicate higher relative humidity in the 

bedroom at night and higher relative humidity in the living room/dining room 

during the day. The only indication of moisture generation was in the bathroom 

(likely due to shower activity). 

A second concern, prior to the commencement of this project, was whether or not 

the sensor on the humidity controlled air inlet is capable of sensing the actual 

relative humidity in the room. Figure 6 shows the relative humidity in the master 

bedroom and the relative humidity at the sensor on the HCAI in the same room. 

The plots show that the relative humidity in the vicinity of the sensor tracks the 

relative humidity in the room rather well . 
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Figure 7, the final plot in each of the four monitoring periods, shows the hourly air 
flow rate from the central exhaust fan unit. The average flow rate on the "low flow" 

setting was measured to be approximately 55 to 60 L/sec. On the "high flow" 

setting, the flow rate was measured to be approximately 85 to 90 L/sec. When 

the exhaust fan flow log is placed over the relative humidity log (Figure 5), it is 

evident that the occupants of the house use the "high flow" exhaust whenever 
.a.&-..._ ... _ :- --=-·· ·-- ------.a.: -- =- .a.L..- L..-.a.L.----
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Three additional figures are contained in Appendix B: 1. In each, the heat 

exchanger effectiveness is plotted for a LAFSW in a different room. Figure 8 

shows the heat exchanger effectiveness for the LAFSW in bedroom 3; Figure 9 
shows the heat exchanger effectiveness for the living room LAFSW; Figure 1 O 
�hnut� tho ho.:i+ ov,....h.:inno.- offo,....+iHono�� f,....,. tho �ininn ,.,....,....,..,.. I A CC\I\/ Th,.. 
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average heat exchanger effectiveness of the bedroom window was measured to 

be 24.3 percent. For the living room and dining room windows, it was measured 

to be 26.9 percent and 26.5 percent, respectively. A heat exchanger 

effectiveness hiaher than 1 00 oercent was sometimes evident durina times of hiah - - - ...,, - - - .- - - - - - - - - - - - --- - - - - - - -- - - - - - -- v - - - - - - - � - - - - .., - -
solar gain. 

Continuous monitoring of radon in the house showed that there is definitely a 

radon problem in the basement. On the other hand, radon levels on the main 

floor were measured to be below the United States Environmental Protection 

Agency's (U.S.E.P.A.) exposure guideline of 4 pCi/L. The finding of high radon 

levels in the basement was somewhat surprising, since considerable effort was 

made to ensure that the basement was tightly sealed from the surrounding soil. 

Fortunately, a precautionary measure was taken during the construction of the 

house. This measure was to install a perforated pipe under the slab which can be 

accessed through a single penetration in the . floor near the central exhaust fan 

unit. The radon problem will likely be eliminated by using this point to employ 

subslab suction by utilizing the unused exhaust port on the central exhaust fan 

unit or, subslab pressurization by exhausting air from the fan unit beneath the 

slab. 

The formaldehyde level in the house was measured to be 0. 128 ppm, slightly 

above Health and Welfare Canada's long term exposure guideline of 0.1 ppm. 
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Since the higher level is likely due to off-gassing of formaldehyde from new 

building materials, it is expected that the formaldehyde level will drop to an 

acceptable level within a year or so. 

Airtightness testing showed that the intentional opening area was, at best, one 

half of the total opening area (intentional and non-intentional) . This means that all 

rooms having an external wall, ceiling or floor have a certain amount of non

intentional air leakage. While non-intentional air leakage has an undesirable affect 

on the overall control of ventilation airflow, it does ensure that excessive 

pressurization is not caused if air inlets that close completely are used. In the 

demonstration house, depressurization was approximately 4 Pa when all humidity 

controlled air inlets were wide open and 9 Pa when all humidity controlled air inlets 

were taped shut. 

Air infiltration measurements showed that the system is capable of meeting the 

overall base ventilation requirement of 0.4 ACH (based on fresh air requirements 

for each room specified in the proposed CSA Standard F326.1). However, a 

review of the table which summarizes the results from tracer gas testing 

{Appendix F) indicates that some airtightening at the basement level will be 

required to meet ventilation requirements in every room. In the present house, 

the basement is receiving too much ventilation air while some of the rooms on the 

main floor are receiving too little. It is important to note, however, that the master 

bedroom LAFSW was not designed to meet the ventilation requirements because 

of limitations in the house model and the size of window used. 

4.5 Implications 

While the LAFSW /HCAl/BH system performed reasonably well in heating and 

ventilating the demonstration house, there were a few problems worthy of note. 

It was observed that light frosting would occur on the leeward LAFSWs when 

there was a very strong wind. This was because the wind pressure on the 

windward side was sufficient to force in more air than was being withdrawn by the 

fan. This was not a major problem, since the frost disappeared as soon as the 
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wind dropped. However, it was decided that a backdraft damper should be 

added to the LAFSW /HCAI combination , to eliminate the outflow. 

A second practical problem which was noted in the prototype system was that the 

HCAls were not long enough to direct the air past the window frame towards the 

ce iling. A short extension will be added to the air outlet on the window so that the 

air flow will clear the frame. This will make cold drafts in rooms even less likely. 

As mentioned in the discussion, relative humidity was not a good indicator of 
occupancy. Even if it was, the turndown ratio on the HCAI proved to be 

inadequate . In future systems, manually controlled air inlets will be incorporated. 

5.0 APPROPRIATEN ESS FOR TH E I NTEN DED MARKET 

Because of the problems mentioned above, the HCAI system tested is not 

appropriate for the intended market. The manually contmlled air inlets mentioned 

above must be developed to make the system appropriate . 

6.0 CONCLUSIONS 

The conclusions reached as a result of this project were as foiiows: 

1 .  While the overall base ventilation requirements of the house were met, 

some further development is required. The Humidity Controlled Air 

Inlets did not have a sufficient turndown ratio. I t  was also realized that 

a back draft damper in the inlet system is necessary. 

2. Slight depressurization of the house causes average radon levels in 

the basement to exceed the U.S.E. P.A. action levei of 4 pCVL, 

although they remain below Health and Welfare Canada's long-term 

exposure guidel ine of 20 pCi/L. Future work shouid invoive testing of 

both subslab depressurization and subslab pressurization (either 

means of subslab ventilation should be incorporated directly into the 

centrai exhaust system). 
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APPEN DIX A.3 

I N STALLATION,  OPERATION AN D MAINTENANCE MAN UAL 

FOR TH E M U LTI-POINT M ECHANICAL VENTI LATION 

EXHAUST SYSTEM 
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VM P 
K 

M U L  Tl-POINT MECHAN ICAL 
VENTILATION EXHAUST 
SYSTEM 

I NSTALLATION , OPERATI ON , & MAI NTENANCE 
" RE.AD AND SAVE THESE INSTRUCTIONS 

l n  add i t i on to t he fo l l owi ng 
manufact u rer' s .i nst ruct i oris, .i t  i s  
necessary t o  comp l y  w i t h  Federa l ,  
St a t e ,  arid Loca l Goverr1mer1t codes. Your 
purch ase of the Aaerican ALOES 

. Vent i l a t i on Syst em represer1ta a n  
i nvest me nt i n  t h e  h e a l th a nd comfort o f  
your fami l y, · as wel l as an i nvestmer1t 
in t he protect i on of your home from 

mol d and mi l d ew d am a g e  ca used by 
excessi ve h um i d i t y  l eve l s. 

The ALDES MODEL VMPK mul t i -poi nt 
e x h a u st syst em removes st a l e  po l l ut ed 
a i r  from bat hrooms, k i t chens, l a ur1dry 
and st orage rooms, v i a e xh a u st g r i l l es 
a rid d u ct i n g  to a cent ra l  fan, wh i ch i n  
t u rn exha ust s t o  t h e  out d oors. 

FRESH A I R  SOURCE 

Fresh ma k e u p  a i r  may be su p p l i ed by a i r  
i nf i l trat i on t h rough bu i l d i ng l e a k a g e  
a r e a s, o r  through i nt e nt i ona l d e s i g ned 
m a k e u p  a i r  systems. Aaerican AL.DES 
prov i d es d e s i gned a i r  s u pp l y  syst ems 
for use w i t h  forced a i r  heat i ng · 

syst e1ns, w i t h  t he MAK mode l a i r  f l  ow 
cont rol s, reg u l at i ng t h e  amount of 
fre s.h a i �  d rawn fro1n o u t d oors t o  t h e  
ret urn duct i n g o f  t h e  fu rnace. See 
Aaeri can ALOES bu l l et i n  8 U. S. 998 for 
more deta i l s. 

l n  t h e  case o f  hydron i c  or e l ec t r i c 
h e a t ,  w i thout forced a i r, ALDE.S 
prov i des spec i a l l y  d es i g ned a i r  i n l et s  
t o  re g u l at e t he fresh a i r  de l i vered to 
e a ch bed room a nd l i v i ng -d i n i ng al"'e a .  
Two t ypes of i nl ets a re ava i l ab l e : t h e  
se l f-reg u l at i ng t y pe cont rol s the 
a i r f l ow rest r i ct i ng the e f fect of w i nd 
pressure , ma i nt a i n i ng a const ant 
a i rfl ow, arid the humi d i t y-cont rol l ed 
i n l et , wh i ch i ncreases a i l"' f l ow  t o  a . 
roos11 as the re l at i ve humi d i t y  of the 
room i ncrea ses. A var i ety of 
corifi g urat i ons ·and i rsst a l l at i on det a i l s  
are poss i b l e ,  for u se i n  w i ndow frame 

· or throug h-the-wa l l  a p p l i cat i ons. See 
Aaeri can Al.DES b u l l et i n  8 U. S. 999 for 
further i nforr11at i on.. 

· 

INSTALLAT.I ON 
As su pp l i ed ,  the •t aridard •yst em 
pt"ov i des const ant exha u st < w i t h  3" 
f i t t i ngs and duct i ng >  froui or1e to f i ve 
rooms, < baths, l a u nd ry, et c. ) a nd a l ow 
;a nd h i gh exhaust rate < w i th £ .,  duct arid 
f i t t i ngs)  from one room ( k i t chen) .. The 
cho i c e  of wh i ch rooms . are exha ust ed at 
a const a nt rate and wh i ch bene f i t  from 
a boost rate . i s  l e ft ic• the · d es i gne r. 
I n  ma ny cases� the k i t ch en wi l l  h ave a 

vented rar1ge hood or s i mi l ar h i gh speed 
i ntermi t t ent e x h a u st .  I n  such a c ase, 
the 6- i nch e x h a ust on t h e  VMPK wou l d be 
red u nd a nt i n  the k i t ch en. It m i ght 
t hen be more d es i ra b l e  t o  ut i l i ze t h i s  
h i gh exha ust feat ure for a bat hroom 
w i th a shower or s p a  < w i th . a  very . h i gh 
h umi d i t y l eve l for short per i ods of 
t i s11e . ) Hc•wever, a corsst ant exha u st of 
20 CFM frOhi t h e  k i t chen w i l l  st i l l  be 
bene f i c i a l  -i n remov i r1g odors .and 
h um i d i ty at t i mes whe n  t h e  range h ood 
i s  not i ri" use. 

lt i s  a l so poss i b l e  t o  spec i fy severa l  
o f  the 3 "  connect i ons t o  perm i t a boost 
rate, w i t h  a v a r i a bl e f l ow control . Th e 
a i r f l ows i n  t h e se cases may be 
i ncreased from 20 to 35 CFM ors demand .. 
I n  these c a sesi the fan speed wou l d  be 
cont ro l l ed w i t h  a re l a y ,  arid resnot e 
sw i t ch e s  l oc a t ed i n  t h e  ba t h rooms 
cont ro l the re l ay_ Al terna t i ve l y ,  a 
comb i n at i on of SPDT sw i t ch e s  may be 
used t o  cont ro l t he a i r f l ows ; see t h e  
w i r i ng d i a g ra�s f o r  d et a i l s. 

LOCATING THE FAN U N I T  

The f a n  \.l n i t sho u l d b e  p l ace d ,  when 
possi b l e, c l ose t o  t he 6" g r i l l e, t o  
l i m i t  excess i ve d u ct l e n g t h s  t h a t  wou l d  
l i r11 i t the a i r f l ows. Si m i l ar l y, try to 
l ocate i n  a cent r a l  l ocat i on w i th 
respect to the ot her d uct runs. See t h e  
t a b l e  o n  t h e  nex t  p a g e  f o r  a l l owabl e 
l engths of d u ct .  Avo i d l oc a t i ng t h e  
u n i t over a bed room, where t ransm i t t e d  
noi se mi ght be obJect i on a b l e  wh em t h e 
honie i s  othe rwi se very q u i et .  

The uri i t  shou l d  be l ocated w i t h.i r1 t h e  
h e at ed enve l ope o f  th e  home , such a s  a 
basemer1t or ut i l i t y  room, a g a i nst a 
vert i ca l  surface. Three mou nt i ng hol es 
i r1 t h e  base permi t sec u r i  rs g  t h e  f ar1 
un i t  to a pl ywood or masonry surface 
w i th appropr i at e  acrews- Avoi d 
at t ach i ng d i rect l y  to g ypsum wa l l boa rd 
on a 5t ud wa l l ,  to a.voi d obJ ect i or1abl e  
no i se a nd resonances. 

COLD . CLIMATE PRECAUTIONS : 

IMPORTANT: FAI LURE TO OBSERVE TH E FOLLOWING 
WI LL VOID TH E WARRANTY. I f  In sta l led In an unheated 
space In a cold elf mate, observe the fol lowing precaut ions: 
• Mount the fan upside down; I.e., with the duct con· -

nectlons pointing down. 
• Use Insu lated duct with Interior vapor barrier. 
• The fan must run cont inuously, Cycling the fan on and 

off may result In premat!Jre motor failure. 
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DUCTING 
Duct i ng may b e  f l e x i bl e o r  ri g i d, 
d e pend i ng on l oc a l  codes. It shou l d  
confc•rm t o  NFPP. 90A and me e t  the 
req u i rement s of Unde.rwri tera Laboratory 
as a c l ass 0 or c l ass 1 d u ct to 
&pec i f i cat i on UL 1 Q 1 ,  St andard for 
F actciry-Made Ai r Duct s .and Duct 
Connect ors. . 

The l ength of d uct i ng sh ou l d be l i m i t e d  
t o  t h e  va l u es i n  t h e  fo l l ow i ng t a b l e .  
Otherw i se red uced a i rf l ows w i l l res u l t  
frOIJj duct r•111> i &-t ance. 

Tabl e o:i Alloweble Ducting Runa 
SlDooth Flex i bl e  � Elbow 
�und Dud Round Dud Equiv. 

3" free bathl"OCGs to fan 
6• fro11 £M gri lle  to fan 
£• froa fan to outdoors 

� ft 
4£ 

4£ ft 
£3 

length 
� ft 
4 

f:6 14 4 

Wher1 · d es i g n i n g  the duct i ng rur1s, 
i nc l ude t h e  e f fe�t of t h e  e l bows a s  
fo� l ows : A 3" d i amet er d uct run may 
h a ve 3 e l bows a nd �B feet of st r a i ght 
r uns. The tot a l  eq ui va l ent l ength i s  
t h e n  2B + 3 e l bows X 2 f t  per e l bow, or 
£B + 6 � 34 f e e t .  Th at i s  we l l  wi t h i n  
the 4 £  foot l i m i t  for 3 "  f l e x i b l e  d uct . 
F or a run l c•ng er t h a n  46 eq u i va l ent 
feet , . i t  i s  necessar y t o  swi t ch t o  
smc•oth duct. o r  i r1crease t h e . duct 
d i i!meter. 

DO HOT INSTALL the k i tchen exha ust 
g r i l l e above1 or i nsi de a 45-de gree 
a ng l e  proJ ec�ed ou twards frOYJ, t h e  
cook i ng eq u i pment e l ement c l osest t o  
t he g r i l l e. See t h e  di aQram be l ow. 

CAUTION 
COOKING AREA / Cei1onG 

Do NOi .,_ lbcHt or lnNll IW 111&. 

I // 
�· / I/� = 

Codling 
� 

WALL CAP OR ROOF JACK 

,_ 

The exha ust duct fY'Olll the fan muat be 
c onne cted to a wa l l  cap or roof J ack by 
a co l l ar. The wa l l  cap or roof J &ck 
must not create a pr&s5u re drop greater 
t han 0; 0C  i nchea w. g. at 1 00 CFM. 
ACC£SSOJU£S 
A a erican Al.DES offers a compl ete l i ne 
o f  duct i ng and accessor i ea to comp l et e  
the i nst a l l at i on. Req uest � u l l et i n  8 
U. S. for further i nfor•at i on. 
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ELECTRICAL DATA 
1 1 5 Vo l t s  AC, 60 Hz , s i n g l e  ph ase, 
reversi ng �otor, 0. 61 1 . 0  Amps ; B F 250 
V. c a pac i t or. 

£LECTRICAL W I R I N G  

T h e  w i r i n9 d i a g ram for t h e  st and ard 
i nst ii1 l l at 1 on is sohown be l ow. Fc•r use 
wh en onl y one z one h a s  a h i gh boost 
�- . : .. : . ..  -. 

WI RING SPOT .IUH£110N 
BWrR:R') 'Boxj 

01AG RAM 115 v . � • • :RED·HIGHvvs· ' BLACK·LO 7. 
NEUTRAL _ WHIT 
GROUND :GREEN 

� _ _  Fl!_LO �IF�G _ ..::.. .j._�ClO.ID' .ttlfilN� �j 
I .) 

A l t ernat i ve w i r i ng d i a g rams for 
cont rol l i ng a i r f l ows from t wo or more 
l ocat i ons. The fan must be f i t t ed w i t h  
v ar i ab l e f l ow c: ont ro l s for bee.st rat. e .  
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E l ectr i ca l  sw i tches a r e  not prov i ded i n  
the k i t .  A UL L i st ed General Use 
Sw i tch i s  req u i red, w i t h  a wa l l »w i tch 
p l ate �arked w i th t he "Hi gh " and " Low" 
posi t i ons. These accessory sw i tches 
may be ordered from Aaeri can Al..D£S. 
Two sw i t ches are ava i l ab l e : Part No. 
29000, 3-way swi t ch w i th pi l ot l i gh t ,  
a nd Part Number e90C'01 0-E!hr t i mer 
swi t �h o  Both sw i tch e s are UL l i st e d  
a nd CSA cert i f i ed .  

'- ·  
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I f  t he Low Vo l t a g e  w i r i ng opt i on i s  
used, for boost cont ro l  from more t h a n  
o n e  l ocat i on, a U L  l i st ed SPDT re l ay 
may be used, such as the Honeywel l 
RB325A Fan Cont rol Cent e r  < ALD£S Part 
No. �B994 ) ,  w i th t i mer sw i t ch e s  i n  t h e  
boost l ocat i ons. Wi ri ng i Y1st ruct i orss 
a re i nc l uded wi th th i s  r e l ay. 

MAI NTENANCE 
Month l y : . Cl ean the ki tchen gr i l l e, a nd 
f i l ter, i f  so eq u i pped. ; . 
Armua l l y :  C·l eari the bathroom arid 
l au nd ry room g r i l l e s. 

�mnua l l y :  To ensure max i r11ur11 ef f i c i ency 
.of t he f a n  uni t ,  it i s  recommended t o  
c l ean t h e  i ns i de of t h e  fan box a s  we l l  
a s  the f a n  whee l .  Be sure t o  
d i &connect frOrtJ the power su pp l y  be fore 
d i smant l i ng .  The e a s i e st w a y  t o  
a ccosnpl i sh th i s  i 5  t o  ursdo t he exha ust 
d u ct to the o u t d oors at the fan u n i t .  
Otherw i 5e ,  t h e  fa n un i t  may be t a kers 
a pa rt by u nscrew i ng t h e  base. Bee the 
f i g ure be l ow for di sassembl y  and 
reassembl y. 

i-----111V1r-----l 
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DI SCLA I MER : IT I S THE 
RESPONS I B I L I TY OF TH E I N STALLER 
TO DETERM I N E  THE SUI TABILITY OF 

TH I S  EQU I PMENT W I TH RESPECT TO 
THE POTEN TIAL FOR BA CKDRAFT I N G  
NATURALLY VENTED F L U E  DEV I CES 
AND/OR AFFECTI N G  RADON EN TRY . 

BACKDRAFTI N G  

I n  especi a l l y  t i ght homes heated w i th 
n a t u r a l l y  vent ed d ev i ce s, the e >e h a 1.1st 
f a n  may prod u cE> s u f f i c i ent r•e g a t i ve 
pre ssure t o  i nd uce backd ra f t i ng of f l ue 
g a ses. Th i s  i s  q u i te a common, though 
i nt e rmi t t ent occ u r a nce, w i th 
cc•nvent i onal exha ust systeais;o1 auch as 
vent ed range e>eh a u st fans. J n  the c a se 
of cont i nu·ous exha ust , even thou gh 
l ower f l ow ,  t h e  pot e nt i a l for . 
backdraft i r19 the fl u e  or f i re p l ace doE>s 
ex i st .  The NATI ONAL FU£L GAS COD£, 
ava i l abl e from t h e  Aaeri can Gaa 
Aaaoci ation ,  Append i x  H, prov i des a 
Recommended Procedure for Sa fety 
I nspect i on of an E x i st i ng Appl i ance 
I nst a l l at i on. Th i s  proce d u re  shou l d  be 
fol l owed t o  determ i ne the adeq u acy of 
cornbust i on a i r, wh i l e  a l l e x h a u st fans 
are operat i ng a t  ma x i mum speed, and a l l 
doors and w i ndow are c l osed. 

In the event tha t backdra ft i ng occ urs, 
&t e ps must be t a ke n  t c• prov i de 
su f f i c i e nt combust i on a i r  t o t h e  
f u rnace o r  bo i l er, fol l ow i ng th£ 
g u i de l i ne s  of the National Fuel Gea 
Code and a l l St a t e  and Loc a l  codes. In 
a dd i t i on the draft hood Ma y be f i t t ed 
w i th a t h e rm a l  sw i t ch t o  d i 1>a b l e t h e  
exha ust fan under backdra f t i ng 
cond i t i ons. 

RADON 

I rs recent years radon g as has been 
found to be of concern i n  soi11e h o1>1es. 
Wh i l e vent i l at i ors may be e f fect i ve i n  
red uc i ng radon concent rat i ons l i n  t h e  
l i v i rsg •pace, the ne g a t i ve pressure 
i nduced a l so i ncre a se s  the r a t e  o f  
radon ent ry i nt o  t h e  horne. Jn fOOst 
cases, vent i l at i on reduces radon 
l evel 5, but in some cases, the l evel of 
radon may be i ncreased. · 

I f  sub-sl a b  duct i ng has been i nst a l l ed 
i n  the b a sement , or i f  the so i l  under 
the sl ab is su f f i ci ent l y  porous, one or 
more of the three-i nch connec� i ons on 
the VMPK fan may be used t o  
deprasaur i ze t h e  sub-s l a b  or craw l apaca 
i n  accordance w i th the Env ironaantel 
Protection Age.ncy ' a  recommended 
proced ure&. Proper l y  i nst a l l ed ,  t h e  
VMPX f a n  m a y  prov i de e f fect i ve \radon 
cont rol . Si nce a var- iety of mi t i gat i on · 
method s  a re a va i l ab l e a nd prov�de 
d i f fer i ng degrees o f  ef fect i veress, a 
spec i a l i st i n  radon m i t i g at i on �ust be 
consu l ted to det errn i  ne the most! 
e f fect i ve m i t i g at i on method fo� the 
spec i f i c  si t u at i on. , 
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INSTALLATION LAYOUT Vfv1 P-K U N IT 
INSTALLATION 
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SOUND 
ATTENUATORS 
IOPTIONI 

IELF.eALANCIMG 

� � ROOF COWL · 
......._ �...,_..- '\, IOl'TIONI 

} J ) � FLEXIBLE DUCTING
. 

- -----, �OPTIO�I 

::::- ! - EXTRACT FAN UNIT 

WAR RANTY • '. *'�• §f  ;f (!!t!� .• a�-� f&lflfl�EJ· � . -�-,F� �� 1..1 E � • ,  1':: . c.  The entire uni t i s  guaranteed f o r  2 years, from VENTILA.TJRLPORATION date of shipment, against a l l  manufacturing 
Northgate Cen�r !ndustnal Park • defects provided the material has bee.i in· 
4539 Northgate Court stai led and operated under normal conditions. 

--

Sarasota, Fforlda 33580-4864 This warranty is l imi ted to the repair  or replace---····--·����e rWJJ��-3441 __ _ -- - -- � ---- ····· .. -· ---- · ··· .. .. . . .  - --- -··-1l ·· ···-·--=����ts��1=:���-��-i_ts.��t��� -��-���---···--······ ···--··· 
W� reserve t�e right to change specifications 
without notice. 
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Self-Regulat ing Through-Wa l l  In let 
For i nsta l lat ion i n  exterior wal l s. Des i g ned t o  be u s e d  with ALOES vent i l at ion 
systems. Contro l l i ng element i s  a p lastic self-balancing damper that a u to· 
matical l y  adjusts free opening to p rovide a reg u lated 10 cfm or 20 cfm 
fresh air  i ntake i n dependent of wind p ressure. I nterior f ixture deflects t h i n  

ribbon of fresh a i r  towards cei l i n g .  
Con s i sts of white I nterior face plate w i t h  con

tro l l i n g  e lement, adj ustable galvanized s leeve 
with f i l ler, a n d  whi te exterior weat h e r  

g ri l le with mesh. 

NON· 
BEVELED 
PIN 11 536 
PIN 1 1  537 
PIN 11 538 
PIN 11 539 

BEVELED 
1 1  540 4 Yi to e· sleeve 10 elm 
11 541 e·  to 15· sleeve 10 elm 
11 542 4 y, to e· sleeve 20 elm 
11 543 e· to 15• sleeve 20 elm 

H umidity Control led Through-Wal l  I n let 
For I n sta l l at ion i n  exterior wal ls. Desi gned t o  be u sed w i t h  ALOES vent i lat ion 
systems. Contro l l ing  element i s  a humidity sensit ive device. Free openi n g  varies 
from 0.78 sq.  in. to 4.65 sq. in. and i s  determined by the relat ive h u mi d ity of t h e  
room i n  which t h e  in let is installed. Interior fixture deflects � 
th in  ribbon of f resh air  towards cei l i n g .  Adjustable to two 11 ·� 
relative h u m i d i ty operat i n g  ranges: � 

25% RH to 60% RH r 
�% � � no;. �  { Consists of beige interio r  face plate 

• • 

with contro l l i n g  element,  adjustable � 
g alvanize d  s leeve with f i l ter, and white 
exterior weather  gr i l le  with mesh. 
NON· 
BEVELED BEVELED 
PIN 14 901 14 903 4 Y1 to e• sleeve 
PIN 14 902 14 904 e· to 15• sleeve 

Optional  Beveled or N on-Beveled 
Galva nized Sleeves 
for Exterior Facings 

Self· 
Regulating 
Through· 
Window 
Sash Inlet 
For Instal lation in 
window sashes. 
Designed to be used 
with ALOES venUlation 

Beveled 
for use 

on beveled siding 

H um idity 
Control led 
Through· 
Window 
Sash Inlet 
For instal lation in  
w i ndow sashes. 

Non·Beveled 

Designed to be used \-�� with ALOES venti lation -� 
systems. Control l ing  element 'Ii·��� 
is  a humidity sensitive device. Free opening --.......____� ...  
varies from 0.78 s q .  In .  t o  4.65 s q .  In .  a n d  i s  . . 
determined by the relat ive humidity of the room In which the in let 
i s  instal led. Interior  f ixture deflects thin ribbon of fresh air towards 
cei l ing .  Adj ustable to two relative h u m i d ity operat ing ranges: 

25% RH to 60% RH 
40% RH to 75% RH 

Consists of beige or brown face p late with  contro l l ing element 
and white exterior weather gri l l e. 
PIN 14 106 beige Interior face plate 9'J, • x t: rough opening PIN 14 108 brown interior face plate 9'J, • x t · rough opening 





APPEN DIX 8 

DATA LOGS FROM CONTI N U O U S  MON ITOR I N G  

OF TEMPERATU RES, RELATIVE H U M I DIT! ES, 

AN D EXHAUST FAN FLOW RATES 
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F l  GU R E  1 .  2 

Living Room L��FSW 
Temperatures: Delivered & Bdow HCAI 
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FI GUR E  1 .  3 
Delivered Air Temperature Log 

!Living Room Window) 
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FI GU R E  1 . 4 
Surf ace Temperature Log 

(Conventional Window and L.AFSWl 
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FI GURE 1 . 5 

Relative Humidity Log 
Apr� 24.1989 - April 30.1989 
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F I GU R E  1 .  6 
R.elative Humidity Log - Master Bedroom 
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FI GURE . 1 . 1 
Exhaust Fan Flow Rate Log 

April 24.1989 - April 30.1989 
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FI GURE 1 . 8 

Hleat Exchanger EffectivenE�ss of LAFSW 
Average • 24.3 Percent 
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F I GURE 1 .  9 

Heat Exchanger Effectiveness of LAFSW 
Average • 26.9 Percent 
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FI GURE 1 . 1 0 
1-leat Exchanger Effectiveness of LAFSW 
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F I GUR E  2 . 1 

Temperature Profiles 
May 10.1989 - May 15.1989 
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F I GU RE 2 .  2 
Living Room LAFSW 
Temperatures: Defivered and Below HCAI 
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FI GURE 2 . 3  

Delivered Air Temperature Log . 
(Living Room Window) 
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F I GURE 2 . 5  

Relative Humidity Log 
May 10,1989 - May 15.1989 
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Relative Humidity log - Ma�:;ter Bedroom 
(al sensor on HCAI and in room) 
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FI GURE 2 . 7 
Exhaust Fan Flow Rate Log 

May 10.1989 - May 15.1989 
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FI GURE 3 .  2 

Living Room LAFSW 
Temperatures: Delivered & Below HCAI 
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Delivered Air Temperature Log 
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FI GUR E  3 . 4  
Surf a ce T emperatu1re Log 
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F I GURE 3 . 5  

Relative Humidity Log 
May 19.1989 - May 25.1989 
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Relative Humidity Log - Mlaster Bedroom 
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FI GURE  4 . 1  
Temperature Profi les 

June 17.1989 - June 22.1989 
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FI GURE  4 . 2  
Living Room LAFSW 
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FI GL'R E 4 . 3  

Delivered Air Temperature Log 
(Living Room Window) 
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Surf ace Temperature Log 
(Conventional Window and LAFSW) 
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F I GU R E  4 . 5  

Relative Humidity Log 
June 17.1989 - June 22.1989 
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FI GURE  4 . 6  
Relative Humidity Log - l\�aster Bedroom 

(at sem�or on HCAI and in room) 
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F I GURE 4 .• 7 

Exhaust Fan Flow Rate Log 
June 17.1989 - June 22.1989 
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APPENOIX E 
SPECll\QfEN TEST REPORT 

NAME oF co. G. K YUIL L BH!> 11ssoc11lrE"s LTP · 
ADDRESS OF CO. IY'I/ PE. M l$ 11{ll t{t.JY 
NAME OF TESTER G. Com e1.-v / t1· ::re�11scn 

ADDRESS OF 
BUILDING Ill./ P411mca..f 5-lccd,. /..J lf/N!f6-� M B . 
DATE OF TEST fY1e..y �o . J q 8 't  DATE OF REPORT fv1o.y 3 0, l 'f82 

WEATHER DATA 

OUTDOOR TEMPERATUR E  / ]  
WIND SPEED '/ km/h 
WIND VARIABILITY ____ _ 

ENVELOPE 

D BUILDING ENVELOPE 

AREA £/0 �. '5'2. m2 

BUILDING SKETCHES 

-
• c  

WIND DIRECTION N W  
t H. 3 o  'Po PRc-ss. lo /. G� J 

[) OTHER _________________ _ 

INTERIOR VOLUME � (3 · s "3 m3 

Hlhl#U±Hf tittHITIMMmnumttRW 1 1 1 1 1 1 1 1 1  H I i I E H l� 
l I I I I I i-4-+-l·+-+-1 I I I i I I I I I I I I I I I I I I I 

I i I I I I I I I I I I I I I � -1 � -1 • .i ..+-1- -1 .+ .+ - 1.-1- � -1 - .i  1 . 1-- 1-1 1 . 4 . 1- 1--1 .• 1.-1 . • • 

-Tit I 

I i I I I I I I I I I I I I . I ! I I 1�' I I I I I 1-1-1-+-1 I I I I I I '-"+-� -�-'-' I I I I I I I I I I I I I I I I I I I I I .LI 
L.l . -------' ...J.-J.-1-...L....L-1- I I I I I .....L • -

g 
�-4 

4 
-t 
J 
J. 

g 
! I H 1 1 fH t l l i 1 l ; : i 1 l +H+tt 1 1 1 Htl+H I I I I ltttt1U11��i! d I 1 1 1 1 1 1 1 1 1 1 1 1 �+-H-Hr•m ' ' ill 1 1 1 1 1 1TIA+ :tt =-�mMJllitt:ftHOOtn 1 1 1 1 1 1 1 1 1  M 

CANICGSB-1 49.1 O-M86 � .. 
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MEASURED DATA 

f A P  m (Pa) 

5 1  
4'1.  

. 3� 
'3_�. ( 
aa. S"' 
tP:. ':/.: !' 
t U  
1 �8. 

Fan Speed (r/min) or 
A P nozzle (Pa) 

. ' l(oc..ES PL v &-f,,€J; 
Bl 
?0 

S"""!. s' 
�o 

- 'f 6 
33 

- ·  gs-
- ·  ' �  

.... 

Om (Us) 
I 

J L{ f . qt:, 
L 3� . 5 7 
i � a . e. q  
lf '3 . gi, 
lO':i • 33 
9 3 . 1 7 
8.l .  7 �  
7 f · 'l3.. 

CORRECTED DATA RELATIVE ERROR 

A P  (Pa) I a, llJ•l l 
S I / l/ {. 't � 
Lf t{ . I 3 � .!) /  
3q i;;_� .e_q 
3t.f . S' / 1 3 . � ?.  
30. $' I /Jt.f. 33 
12'/ .$' C/3 . 1 7 
� !  8/. 1� 
JS': 8 7 f . q� 

CALCULATED DATA 

Cr I 3 • L/ j 3 � f U(s.Pan) . 

n O .  '2 0 088 
o .  � CJ  8 

I I 
I Oa - oa I 

On 
I 

o . ooc; 
- {). O I I I - o. 00 7 

0 . o o 1 
0 · 0 0 8  

- 0 . 0  I 0 
o.oia 

- o . O t s' 

Ii c·c> 

1).. 0 

-

A Po ,I 

A Po,f 

r 

ELA 0 ·0'1 l b / m2 RELATIVE STANDARD ERROR 0 • 0 f 9 

o .  5 35 8  2 2 NLA� -� � · .  .. _ cm /m 

� 
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F I GURE  1 . 1 

Radon Level History - 114 Payment St .  
Average  = 2 3 . 2 pCi/L 
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FI GURE 1 . 2 
Radon Level  History - 114 Payment St .  
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F I GURE  1. 3  

R a don Level  H istory - 1 14 Payment  St. 
Average .. 6. 77 pCi/l 
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FI GURE  2 . 1  
Radon Level History - 114 Payment St. 

Average • 1.03 pCi/L 
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FI GURE 2 . 2  
Radon Level History - 114 Payment St .  
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THE 
NATIONAL 
TESTING 
LABORATORIES ..= LIMITED 

·- fllablbh•d In f PZJ 
601-C Wflfon Street 
Winnipeg, MonHoba 13E 3H' 
Phone 121MI 775-0383 

Jul y 25 , 1989 

Fax 121Ml 776-5226 

G . K .  Yuill & A s socia tes Ltd . Pro j ect : 
1441 Pembina Highway 
Winnipeg , Mani toba 
R3T 2C4 Attn : Mr . Gord Comeau ,  P . Eng . 

C-2755 
Formaldehy d e  le vels 
114 Pa yment 

One · Forma ldehy d e  PF-1 moni tor was hung in t he r e sidence et 114 Payment S tree t , 

Winnipeg , Manitoba , during the period from July 1 ,  1989 , 16: 1s a . m . to July 1 9 , 1989 , 

10 : 15 a . m .  

The Formaldehyde concentration in the Living Room was determined to be 0 . 1 28 ppm . 

Health and Wel fare Canada have reconunended that 0 . 1  ppm of Formald ehyde in the room 

air is the acceptable limit for healthy people in the home environment .  

Our test r esult indicates a level grea ter than the acceptable limit of 0 . 1  ppm ( par t s  

p e r  million ) . 

THE NATIONAL TFSTING LABORATORIF.S LIMITED 

tl�� 
Jack M.  Dubovsky 

Chief Chemist 

�ID/sr 

... 

GEOTECHNICAL ENGINEER/NG • MATERIALS TEST/MG • ANALYTICAL CHEMISTRY • BUILDING SCIENCE 
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Pressure/Flow Characteristic Curves 
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TAB LE 1 - Su mmary of Results from Fan Depre$st1rizat ion Tests 

Tie st 
Condition 

1 
2 

,.,. 
v 

4 

Flow Coefficie nt Flow Exponen t  ELA NLA* 
Cr n m2 cm2/m2 ACH @ 50 

8 .61 54 0.649 1 0 .01 54 0.381  B 0 .85 
1 2 . 9027' 0 . 6986 0 . 0259 NIA N/A 

1 4.2992� 0.6688 0 .0268 N/A N/A 

1 5.7454 0 . 6545 0 .0285 · N/A NIA 

* NLA calculated using the house e nvelope area 

No te : 

N L A  a n d  ACH@5 0 a re not s l':own fo r te s t  c o nd i t i o n s  2 ,  3 a nd 4 becat1 se  t hey 
a re o n l y u sed to i nd i c a te t he a i rt i g ht n e s s  o f  t he hou s e . In t e s t s  2 ,  3 a n d  
4 ,  r. o n ·· i n t c n t i o na l o pe n i n g s  ( HCAi s )  were l e ft o pe n . 



TABLE 2 - SUMMARY OF RESl!LTS FROM TRA_GER GAS TE�TING. 

WE :GHTED 

TEST TEST LIVING ROOM/ MASTER BEDROOM BED ROOM EXHAUST AVERAGE 
NO. CQND. VARIABLE DINING ROOM KITCHEN BEDROOM #2 #3 BASEMENT PLENUM VALU E 

.. No ACH 0.065 0 .064 0.097 0.096 0.096 0.089 0.083 . .  
r-row l/sec 1 .76 0 .78 1 .03 0.63 0.58 5 .36 N/A N/A 

in. co�r.. (ppb) 46.0 45.5 47.0 47.5 47.0 42.0 N/A 

,, , ..  HCA l's ACH 0.382 0.470 0.486 0.501 0.341 0.470 0.45: 0.4 47 

Fully l/sec 1 0.32 5.70 5. 1 4  3 .29 2.05 28.32 58.3 � NIA 
Closed In. �,,rr.. (ppb) 39.5 41 .5 41 .5 40.0 38.5 38.0 �9 . .  S W.'\ 

f'I HCA l's ACH 0.5 1 6  0.529 0.575 0.543 0.547 0.289 0.55 � 0.42 1 ... .  
Ha!f- l/sec 1 3.94 6.41 a.08 3 .56 3.29 1 7.41 71 .3� N!A 
nrt?:ied i:i. cone. (ppb) 54.0 53.0 54.0 51 .5 56.0 42.0 s2.n N.'A 

4.  HCAI'� ACH 0.384 0.394 0 .426 0/420 0 .589 
' 

0 .404 0.403 0.4 1 3  

Fully l/sec 1 0.37 4.78 4.50 2 .75 3.54 24.34 51 .8 1 N/A 

Opened in. cone. (ppb) 33.0 33.0 30.5 30.0 32.5 30.5 3 1 .Q N/A 
· - - � --- - WEATHER I N FORMAT ION -- -

Test Tem�a�ure W i n d  S�eed W i nd  D i r .  R . H  • .  Ba r .  Pre s . 
1 - 2 5  °c 11  km/ hr WNW 55 % 1 03 . 01 k Pa 
2 -24 °c  11  km/ hr WNW 57 % 1 02 . 97 kPa 
3 - 2 2  °c  1 3  km/ hr WSW 50 % 1 02 . 8 2  k Pa 
4 - 2 2  ° c 1 3  km/ hr SW 51 % 1 02 . 7 7  k Pa 

* Wea t her i n fo rma t i o n  a t  t i me o f  fi r s t  samp l e . 




