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EXECUTIVE SUMMARY

r The primary purpose of this project was to determine if furnace heat exchangers were prematurely
or excessively rusting due to condensation when fresh air ducts are hard connected to the return air
system. In addition, occupants were to be interviewed to ascertain whether such systems were
causing cool drafts. The energy impact of this type of ventilation system and the practicality of
installing high inside wall supply outlets was also to be investigated. A test house was to be set-up
to measure air flows, temperatures and pressures during various modes of ventilation system
operation.

Heat Exchanger Inspections

No signs of premature heat exchanger corrosion, that could be linked to condensation resulting from
cool ventilation air, were found in the Alberta, British Columbia and Ontario houses inspected.
Unfortunately, only one system was found that ran continuously (the worst case scenario), most
operated only when the furnace came on. Even if most of the systems examined in Alberta (the
coldest climatical area investigated) had been running continuously, measurements of the fresh air
flow rate and calculations of the resulting mixed air temperature in the return system at outdoor
design conditions indicated that flow rates were not sufficient to cause the mixed air temperature to
fall below the dew point (approximately 13 °C). This was largely because the ventilation flow rates
were much less than that required by the Building Code.

The fresh air ducts in B.C. were not insulated and apparently were not experiencing any
condensation, likely because of the mild climate. All ventilation ducts in the Alberta sample were
insulated and vapour barriered. The ventilation ducts examined in Ontario usually had some
fibreglass insulation wrapped around the first few feet from the wall penetration and no vapour
barrier. The occupants reported that the ducts had condensation on them most of the winter and
that the insulation with no vapour barrier acted like a sponge to hold the water.

Owner Survey

The owners of all of the houses inspected during this project were surveyed to determine their
awareness of the ventilation system present, their perspective of its performance and how they
operated the system. Most of those surveyed knew their house had a fresh air ventilation system,
this may be partially accounted for by the fact that the majority of those surveyed in British
Columbia and Alberta worked for the utility. Most of the Ontario homeowners interviewed knew
that they had a fresh air ventilation system because they either consciously had the system added to
eliminate a moisture problem, or as was the case of a number townhouses with the high ventilation
rates, the owners were experiencing very high utility bills. Those few systems that had a manual
control were seldom activated by the owners, perhaps because most of them would have been
required to open the furnace cabinet to activate the fan switch. The twelve home owners interviewed
in Ontario did not have much understanding of the purpose of fresh air ventilation or the operation
of their system. Most, with exception of British Columbia home owners, felt that their house was
too dry in winter - some had added humidifiers as a result. This may, though not necessarily, be an
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indication of ventilation levels that are too high. Few comfort complaints were received, possibly
because most of the systems only operate when the furnace is producing heat.

High Inside Wall Supply Outlets

Since high inside wall supply outlets can introduce air as cool as 13°C into a space without causing
comfort problems, compared to 18°C for normal floor diffusers, less tempering of the fresh air is
required during cold weather. Though high inside wall outlets would have a higher initial cost, they
would reduce the operating cost of the ventilating system.

A heating contractor in Toronto and another in Edmonton provided cost estimates of the additional
cost, per run, to install the high inside wall outlets that would allow cooler air to be delivered to
occupied rooms without causing comfort problems. The Edmonton contractor estimated the
additional cost to be $50 to $52 per run and the Ontario contractor $40 to $65.

A typical 187 ft* house would require approximately 10 high inside wall outlets for a total additional
cost (over floor outlets) of $500. Calculations show that if the ventilation air for that same house,
located in Toronto, had to be tempered electrically so that the mixed air temperature in the return
air system was above 18°C, the tempering cost would be $218 annually, at today’s rates. The cost
to temper that same air by natural gas would be $97, $121 less. The cost to electrically temper (duct
heater) the air sufficiently to 13°C for high inside wall outlets would be only $26 annually. That is
only about $14 more than the cost to temper the air with natural gas. These costs assume a
continuous ventilation rate of 1/3 ach. The use of high wall outlets would save $192 in electrical
energy annually. Since this cooler supply air would still have to be heated, the approximate cost to
do so with natural gas would be about $84. Therefore, the total savings for the home owner, if high
wall outlets were used would be $194-$84 = $110 annually. This would provide a six year payback
for the additional cost of the ten high wall outlets. Of course an HRV could be used to temper the
fresh air to 13°C, rather than an electric duct heater, for an even greater annual operating saving,
however, the payback period would be much longer because of the high initial HRV cost
(approximately $1300 installed) compared to that of a duct heater ($400 installed).

Test House Results
A test house located in Edmonton was used to complete a number of tests relating to the

performance of the combined heating/ventilating system. The following was learned from the tests
conducted:

* Both the ventilation and combustion air duct act as make-up air ducts when the furnace
blower is not operating;

* The make-up air flowing into through the ventilation duct travels into the heating system
return air duct and moves towards the furnace where it pools because the furnace acts as a
large "P" trap;



* When the outdoor temperature is below 0°C, the temperature of this air in the return duct
and in the furnace can fall below the dew point, possibly leading to condensation on the
ducts and the furnace as well as the flue gases of a standing pilot, if present;

* When the furnace blower operates at a rate sufficient to bring in enough outdoor air for
1/3 ach, it will slightly pressurize a tight house (3.3 pa);

* When the furnace blower operates, the house pressurizes and the combustion air duct
exhausts indoor air to the outdoors;

* When such exhausting occurs, it can lead to short circuiting with the ventilation air inlet,
if the ventilation air inlet is located close to the combustion air inlet;

* When an open vent or chimney is present, it also exhausts air reducing the amount of air
being exhausted by the combustion air duct; and

* Operation of the furnace blower induces sufficient fresh air flow into the house to help
compensate for air being exhausted by exhaust devices, reducing the possibility of combustion
product spillage and/or the duration of such spillage:






RESUME

L’objet premier de cette recherche consistait a déterminer si 1’échangeur de
chaleur des générateurs rouillait de fagon prématiurée ou excessive sous 1l'’effet
de la condensation lorsque les conduits d’admission d’air étaient raccordés au
circuit de reprise d’air. Il était de plus question de s’enquérir auprés des
occupants s8’ils ressentaient des courants d’air froid, en plus d’investiguer
les répercussions d’une telle installation de ventilation sur la consommation
d’énergie et la valeur concréte d’aménager des sorties d’alimentation en partie
supérieure des murs intérieurs. Une maison devait faire l’objet de mesures des
mouvements d’air, des températures et des pressions pendant divers modes de
fonctionnement du systéme de ventilation.

Inspection de l’échangeur de chaleur .

Aucun signe de corrosion prématurée de 1l’échangeur de chaleur, pouvant étre
reliée & la condensation par suite de 1l’admission d’air de ventilation froid,
n'a été décelé dans les maisons inspectées en Alberxta, en Colombie-Britannique
et en Ontario. Malheureusement, une seule installation, a-t-on constaté,
fonctionnait continuellement (le pire des scénarios), alors que la plupart ne
se mettaient en marche qu’au départ du générateur. Méme si la majorité des
installations étudiées en Alberta (zone climatique la plus froide des régions
investiguées) avaient été soumises 3 un fonctionnement continuel, les mesures
du mouvement d’air frais et les calculs de la température de 1l’air en résultant
dans le circuit de reprise, selon les conditions théoriques extérieures,
indiquaient que les débits n’étaient pas suffisants pour faire chuter la
température de l’air mélangé sous le point de rosée (soit environ 13°C),
explication largement attribuable au fait que les débits d’air de ventilation
étaient de beaucoup inférieurs a ce que requiert le Code du batiment.

Les conduits d’admission d’air frais des maisons de la Colombie-Britannique,
pourtant dépourvus dfisolation, ne manifestaient pas de signe de condensation,
en raison surtout du climat doux. Par contre, tous les conduits de ventilation
de 1l’échantillon de 1l’Alberta étaient pourvus d’isolant et d’un pare-vapeur.
Les conduits de ventilation examinés dans les maisons de l’Ontario avaient
généralement été enveloppés d’isolant de fibre de verre sur une distance de
quelques pieds depuis l’endroit ou ils traversaient le mur, mais laissés sans
pare-vapeur. Les occupants ont signalé que de la condensation se formait sur
les conduits pendant la majeure partie de 1’hiver et que 1l’isolant, en
1’absence de pare-vapeur, retenait 1l’eau comme une éponge.

Enquéte auprés des propriétaires

Les propriétaires de toutes les maisons inspectées lors de cette recherche ont
été interrogés sur leur degré de connaissance du systéme de ventilation en
place, la performance qu’ils lui attribuaient et la facon de le faire
fonctionner. La plupart savaient que leur maison était équipée d’un systéme de
ventilation doté d’un conduit d’admission d’air frais, ce qui s’explique en
partie par le fait que la majorité des personnes interrogées en '
Colombie-Britannique et en Alberta travaillaient pour les services publics. Les
propriétaires de 1l’Ontario savaient, pour la plupart, qu’ils possédaient un tel
systéme de ventilation, soit parce qu’ils 1l’avaient eux-mémes fait installer
pour enrayer l’excés d’humidité, soit, comme c’était le cas de certaines
maisons en bande caractérisées par un taux de ventilation élevé, qu’ils
faisaient face a une facture de services publics trés élevée. Les gquelques
installations pourvues d’une commande manuelle étaient rarement mises en marche
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par le propriétaire, peut-&tre parce qu’il leur aurait fallu ouvrir le b&ati du
générateur pour actionner la commande du ventilateur. Les douze propriétaires
interrogés en Ontario ne saisissaient pas trop le pourquoi de l’air frais de
ventilation ou du fonctionnement du systéme. Pourtant, la plupart, & -
1l’exception des propriétaires de la Colombie-Britannique, estimaient 1l’air de
leur maison trop sec en hiver, de sorte que certains avaient méme fait
1’acquisition d’un humidificateur. Cette situation pourrait, mais pas
nécessairement, étre une indication du niveau de ventilation trop élevé. Peu de
plaintes pour raison d’inconfort ont été regues, possiblement parce que la
plupart des systémes ne fonctionnaient que lorsque le générateur produisait de
la chaleur.

Sorties d’alimentation en partie supérieure des murs intérieurs

Etant donné que les sorties aménagées en partie supérieure des murs intérieures
peuvent introduire d& 1l’intérieur de 1l’air 3 une température de 13°C sans causer
d’'inconfort, comparativement d 18°C pour les diffuseurs de sol ordinaires, le
besoin de tempérer 1l’air frais par temps froid se fait moins sentir. La mise en
place de telles sorties coflite certes plus cher au départ, mais offre 1l’avantage
de réduire les frais de fonctionnement du systéme de ventilation.

Un entrepreneur de chauffage de Toronto et un autre d’Edmonton ont fourni une
estimation du cofit supplémentaire & engager, par parcours, pour l’installation
en partie supérieure des murs intérieurs des sorties alimentant en air frais
les piéces occupées sans toutefois causer de sensation d’inconfort.
L’entrepreneur d’Edmonton en établit le coQt supplémentaire entre 50 et 52
dollars, et l’entrepreneur de 1l’Ontario entre 40 et 65 dollars.

Une maison type de 187 pi2 requiert environ 10 sorties murales, représentant un
supplément (par rapport aux sorties au niveau du plancher) de 500 dollars. Les
calculs démontrent que si l’air de ventilation de la méme maison située a
Toronto devait étre tempéré 3 1l’électricité pour que la température de l’air
dans le circuit de reprise se trouve au-dessus de 18°C, il en cofterait

218 dollars par année, au prix d’aujourd’hui. Tempérer le méme air au moyen du
gaz naturel cofterait 97 dollars, soit 121 dollars de moins. Il en coQterait
seulement 26 dollars par année pour ramener a une température de 13°C, gréce a
un réchauffeur de conduit électrique, 1l’air des sorties en partie supérieur des
murs intérieurs, soit uniquement environ 14 dollars de plus qu’en tempérant
1l’air au moyen du gaz naturel. Ces coQts supposent une ventilation continue a
raison de 0,3 renouvellement d’air & l’heure. L’utilisation de sorties murales
élevées permettrait de réaliser des économies annuelles de 192 dollars en

frais d’électricité. Puisqu’il faudrait tout de méme tempérer 1l’air frais
admis, il en cofterait environ 84 dollars en utilisant le gaz naturel. Par
conséquent, l’installation de sorties murales ferait réaliser au propriétaire
des économies annuelles de 110 dollars (194 $ - 84 $). Le délai de récupération
du supplément engagé en raison des dix sorties murales correspondrait a six
ans. Bien sfir, le recours 3 un échangeur-récupérateur de chaleur, plutét qu’a
un réchauffeur de conduit électrique, pour tempérer 1l’air frais a une
température de 13°C ferait davantage économiser en frais de fonctionnement
annuels, mais le prix d’un échangeur-récupérateur de chaleur (environ 1 300 $
installé) comparativement & un réchauffeur de conduit (400 $ installé)
allongerait beaucoup le délai de récupération.



Résultats des essais
Une maison d’Edmonton a été la scéne d’essais de performance de 1’installation
combinée de chauffage et de ventilation. Voici les résultats constatés

.

Les conduits de ventilation et d’air comburant tiennent lieu de conduits
d’air de compensation lorsque le souffleur du générateur ne fonctionne
pas.

L’air de compensation introduit par le conduit de ventilation chemine dans
le conduit de reprise du systéme de chauffage et se déplace en direction
du générateur od il s’accumule puisque le générateur sert de vaste piége
en forme de P.

Lorsque la température extérieure tombe au-dessous de 0°C, la température
de 1l’air présent dans le conduit de reprise et le générateur peut chuter
sous le point de rosée, risquant d’occasionner la formation de
condensation & la surface des conduits et du générateur, tout comme celle
des gaz d’évacuation de la veilleuse en attente, le cas échéant.

Le souffleur du générateur qui fonctionne a un débit suffisant pour
assurer 0,3 renouvellement d’air & 1l’heure soumettra la maison étanche a
une légére surpression (3,3 Pa).

Lorsque le souffleur du générateur fonctionne, la maison subit une
surpression et le conduit d’air comburant évacue 1l’air de 1l’habitation
dehors.

En pareille situation, le «conduit d’évacuation» peut court-circuiter 1la
prise d’air de ventilation, si celle-ci se trouve & proximité de la prise
d’air compurant.

Un conduit d’évacuation ouvert ou la cheminée peut également évacuer de
1’air, réduisant ainsi la quantité extirpée par le conduit d’air
comburant.

Le fonctionnement du souffleur du générateur entraine un débit d’air frais
suffisant dans la maison pour compenser 1l’air évacué par les dispositifs
d’extraction, réduisant les risques d’émanations des produits de
combustion ou, le cas échéant, la durée des émanations.






INTRODUCTION

The 1990 National Building Code and 1990 Ontario Building Code require the installation of a
mechanical ventilation system in every new house. The system must be capable of providing at least
0.3 air changes per hour. In addition, if spillage susceptible combustion appliances are installed in
the house, provisions for make-up air must be installed to ensure potential depressurization levels
in excess of 5 Pa do not occur.

The simplest method of complying with the 1990 ventilation requirements is to install a combination
of bathroom and kitchen fans capable of providing sufficient ventilation capacity; and a passive duct
installed (usually in the basement) of sufficient size so as to not cause excessive depressurization.
While this "minimum" design may appear to be simple in concept, it is becoming clear that for most
houses with even modest ventilation capacity, the passive intake will have to be extremely large to
satisfy the depressunization limits for the house. Concerns of cold drafts and/or homeowners
blocking off these passive ducts have been raised. Additional concerns that passive intakes can also
act as an exhaust duct (under certain wind conditions) suggests that this approach to comply with
the Code may not be appropriate.

An alternative approach that will satisfy both the ventilation and make-up air requirements is to
draw fresh air from outdoors through a duct connected to the furnace return air system. The
incremental cost of this system over the "minimum system" is small. This provides a means of
distributing fresh air throughout the house using the distribution ducts of the forced air system. In
addition, since this system will tend to pressurize the house, it increases the "margin of safety" for
depressurization. It is anticipated that this system will be a popular option for builders to comply
with current codes once they recognize the impracticalities of the "minimum" system.

However, even this system is not without its limitations. First, if the forced air system is operated
continuously to provide continuous ventilation, there is concern that cold drafts will occur,
particularly if floor diffusers are installed. Second, if the furnace fan is not operated continuously,
the make-up air provisions may be less than adequate, since the make-up air will be supplied only
when the furnace is operating, possibly exacerbating start up spillage and/or backdrafting. Third,
a pre-heater may be required to temper the air sufficiently to ensure that the mixed air in the return
plenum is above 13°C to minimize potential condensation on the heat exchanger. This is of
particular concem since there is no formal standard to-date for electric pre-heaters designed to
operate in extremely cold air streams. In addition, high electrical costs may result, especially where
the difference in electrical and gas fuels rates are substantial.

Last but not least, a number of concerns have been raised regarding the potential for premature
corrosion of furnace heat exchangers as a result of this approach to ventilation and make-up air.
Many HVAC installers have also raised the issue that this design may in fact void manufacturer
warranties for the furnace.



While this system appears to satisfy the ventilation requirements in principal, there is no long term
evidence to demonstrate its effectiveness. This is especially true for applications where the system
is intended to be operated on a continuous basis.

OBJECTIVES
The objective of this project is to collect field data to address concerns regarding the potential

limitations of this system, and to identify or recommend improvements to the system to ensure
optimum performance. Specifically the project will address the following issues:

1) Is there any evidence of accelerated corrosion of furnace heat exchangers as a direct
result of this ventilation system.
2) Is there any evidence of complaints of drafts as a result of this system,

3) What are the opportunities and impacts for installing high wall diffusers for this type
of system. High wall diffusers have the advantage of minimizing potential for drafts
and in some circumstances may eliminate the need for a duct heater. What are the
relative energy impacts of floor versus high wall diffusers. What are the differential
costs.

4) What are the actual flow rates for this system. Are the assumed suction pressures (20
pa) in the return air system consistent with designs installed in the field.

5) What is the minimum distance for the connection of the fresh air duct to the return
air to ensure proper mixing of the two air streams. Are current guidelines based on
definitive field data.

6) What are the energy impacts of a fresh air duct hard connected to the return air
system.
METHODOLOGY
Heat Exchanger Inspections
During the heating season, furnace heat exchangers may be exposed to low temperature air during
the furnace off-cycle when a fresh air duct is hard connected to the return air system. In many parts
of the country the dew point, in a basement environment, will be approximately 13°C. There was

some concern that the fresh air that enters a heating system during the off-cycle could cause the heat
exchanger temperature to drop below that level, causing condensation to form and premature heat
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exchanger failure due to corrosion. The portion of the heat exchanger immediately above the pilot
light of a gas furnace may be the area most susceptible to corrosion. The best way to mspect for
such corrosion is through visual inspection.

Three gas utilities, Union Gas in Southwestern Ontario, North Western Utilities in Edmonton and
B.C. Gas in British Columbia, cooperated to provide locations and personnel to inspect furnace heat
exchangers, measure air flows and to survey owners of homes with ducts connecting the outdoors
with the return air system of a furnace.

Heat exchangers were visually inspected for any signs of excess rusting. The service technicians’
general overall experience with systems with and without hard connected fresh air ducts, prowded
the basis of comparison for the heat exchanger inspections,

Since it was important to know the operating parameters of the inspected systems, the following
measurements, checks and calculations were made:

1) The total heating system airflow was calculated using the temperature rise method
(Btuh output divided by 1.1 times the temperature rise).

2) The size of the fresh air duct was recorded and the air flow was measured using a
Dwyer Series 470 Thermal Anemometer.

3) The total system air flow and the ventilation air flow were used to calculate the
anticipated mixed air temperature in the return air system at the January outside
design temperature. The formula used was as follows:

MAT = TI - ((T1-T2) * V2/(V1+V2))

Where: MAT = mixed air temperature
Tl = indoor air temperature
T2 = outdoor air temperature at design conditions
V1 = volume of dwelling air being mixed with fresh air
V2 = volume of outdoor air being mixed with indoor air

4) The operating method of the system was defined according to one of the following:

a. The furnace blower only operated when the thermostat called for heat and
the fan switch reached a sufficient level to activate the furnace blower:

b. Method "a." and as required through the use of a manually operated
switch.



c. Method "a." and in addition, when a humidistat activated the blower
because the indoor humidity level had exceeded a preset level.

d. A combination of "a.", "b." and "c.".
Furnace age was recorded.

6) The amount of rust on the heat exchanger was recorded and compared to other
furnaces that were not used as an air handler for ventilation air.

D The presence of insulation and a vapour barrier on the fresh air duct was recorded.

Owner Survey

The owners of each house tested were surveyed to determine:
1) The owner’s awareness of the presence of a ventilation system;
2) The method of ventilation system control practised by the owner;

3) The presence of any comfort problems created by the ventilation system (relevant if
the ventilation system is activated at times when the furnace was not also operating
and tempering the ventilation air); and

4) If the house is too dry during the winter (a possible sign of excess ventilation).

An additional ten other homeowners with a fresh air duct hard connected to the return air system
were surveyed

Cost of High-Wall Supply Outlet Installation

Good design practice and the HRAI Digest (referenced in the National and Provincial Building
Codes) requires that the discharge air temperature from floor diffusers exceed 18 °C (65 °F). The
reason for this is that these diffusers do not provide sufficient cold air throw and air mixing at the
pressures and velocities encountered in residential applications. They are designed to deliver warm
buoyant air. In most parts of the country, if incoming fresh air is not tempered through the use of
a duct heater or a heat recovery ventilator, the mixed air temperature in the distribution system will
be below 18 °C during the coldest portion of the heating season. When the delivered air temperature
is below 18 °C, high inside wall diffusers must be used. If these high wall supply outlets are used,
they can deliver air as cool as 13 °C without causing discomfort. Tempering of ventilation air can
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be done through the addition of an HRV (expensive) or a duct heater (costly to operate). If in those
parts of the country where the outside design temperature exceeds -12 °C and where high inside wall
outlets are used, there would be no need for an HRV or a duct heater, since the mixed air
temperature would exceed 13 °C. In colder areas where some tempering would still be required, the
amount of required tempering would be much less.

The temperature of the mixed outdoor air and recirculating indoor air in the return air system of a
furnace must exceed 13 °C (55 °F) to ensure that no condensation occurs on the ducts or furnace heat
exchanger (CSA F326). In addition, some furnace manufacturers require that the minimum
temperature of the air passing over the heat exchanger is at least 13 °C for conventional furnaces and
15.5 °C (60 ° F) for mid-efficiency furnaces.

To determine the practicality of using high inside wall supply outlets, two heating contractors, one
in Toronto and one in Edmonton, were asked to calculate the additional labour and material costs,
per duct run, to install such outlets, instead of the traditional floor outlets.

To calculate the approximate operating cost of a duct heater used to temper fresh air, a typical house
with 186 m? (2000 ft’) of living space (not including basement) located in Toronto was selected. The
average monthly outdoor temperature provided by Environment Canada was used to calculate the
average mixed air temperature in the return air duct. The total kilowatts required to temper this air
to both 18°C for use with normal floor registers and to 13°C for delivery by high inside wall outlets
was calculated. The kilowatt hour cost reflects Ontario Hydro’s current 1991 rate. In addition, the
cost of tempering the fresh air to 18°C with natural gas was calculated using 1991 rates provided by
Union Gas. Knowing the gas rate to heat this air allowed the extra cost for the operation of duct
heater to be calculated. In all cases, it was assumed that the ventilation was continuous at a rate of
1/3 ach. (See the "Operating Cost of a Duct Heater Used to Temper Ventilation Air" table in
Appendix B.)

Test House
A test house, owned by Howell-Mayhew Engineering Inc. (HME) in Edmonton, was used to conduct
a series of tests that could only be effectively conducted in such a controlled and instrumented
environment.
Test measurements were carried out in the Cold Climate Demonstration House, an R-2000 bi-level

house. The data was gathered and processed with a computerized monitoring system using CoPilot
software developed by HME. The following sensors were used to measure a number of parameters:

1. Temperature - T-type thermocouples measured the:



a) fresh air entering at the weather hood,;
b) combustion air entering at the weather hood;
c) fresh air entering the return air plenum;
d) combustion air leaving the cold air trap;
e return air at the upper level inlet grill;
) return air entering the furnace plenum;
g2 mixed fresh/return air entering the furnace;
h) heated supply air in the furnace plenum,;
i) supply air to the main floor room nearest the furnace;
) supply air to an main floor room far from the furnace;
k) supply air to a lower level room.
2. Air Flows - Modus pressure transducers and CES flow measuring stations
measured the:
a) fresh air into the return air plenum;
b) combustion air into the mechanical room;
c) the furnace flow.
3. Pressure - A micromanometer measured rim joist pressure.

One-time as well as continuous measurements were carried out to determine airflows and
temperatures at different exhaust flow rates and to determine the migration of the fresh air
during the furnace off cycle. The characteristics of the house and ventilation system were as

follows:

Furmnace: vertically vented medium efficient, power-vented, gas-fired



2. Water heater: power-vented, gas-fired

3. Fresh/supply air duct: 125 mm (5") diameter insulated flexible duct, 7.6 m (25
feet) long, hard ducted into the furnace return air plenum, one 90° bend, four
45° bends '

4, Combustion air duct: 125 mm (5") diameter insulated flexible duct, 9 m (30
feet) long terminating in a cold air trap, one 90° bend, four 45° bends

5. Exhaust fan: HRYV operating as an exhaust only system and drawing from
bathrooms and kitchen

Conti Air] I T Monitori
The purpose of this monitoring was to determine the flow path of the fresh air during the furnace

off cycle. To determine where this fresh air went once it entered the fresh air duct, temperature
measurements were made at various locations in the heating system, including the furnace.
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RESULTS
Heat Exchanger Inspections

During the spring of 1991, the furnaces of 13 homes in Ontario, 8 in B.C. and 11 in Alberta were
inspected. The houses were a wide variety of ages and all had fresh air ducts hard connected to the
return air system of the furnace. The furnace heat exchangers were examined for signs of premature
rust that may have been caused by condensation that resulted from the introduction of cold outdoor
air. The fresh air duct flow rate was measured and the total flow through the furnace was calculated
using the temperature rise method to determine if the mixed air temperature in the return system
would be sufficiently cool during the heating season to cause the formation of condensation on the
heat exchanger.

The B.C. Building Code provides two ventilation flow rate options for houses with up to 200 m?
total floor area, approximately .28 ach if controlled automatically by a dehumidistat and half of that
if continuously supplied. For houses over 200 m?, 40 Vs must be provided automatically regardless
of house size, or if continuous ventilation is provided, 30 Us is required for a 300 m? house and 40
Vs for a 400 m” or larger house.

All of the ventilation ducts in British Columbia were not insulated, however, because of the milder
climate, there were no reports of condensation on these ducts. The flow rates of ventilation air often
varied in houses that were identical with similar duct systems because the volume dampers had been
partially closed to reduce the air flow. No heat exchangers with premature rusting were found,
however, B.C. Gas did provide a video tape of such a heat exchanger. The video showed a heat
exchanger corroded at the point where the standing pilot flame gases contacted the heat exchanger
where they had condensed.

Most of the ventilation systems encountered were only operational when the furnace was on and
producing heat. Those that did operate during the furnace off cycle were, in most cases, operating
in temperate climates where the mixed air temperature would never be below the dew point. For this
reason, there was very little opportunity to assess systems that operate continually at the flow rates
and temperatures that may occur under the new 1990 NBC.

The Alberta Sample

The Alberta Building Code requires that all dwelling units be equipped with a fresh air ventilation
system capable of providing at least 1/2 ach through a combination of exhaust fans and a fresh air
duct connected to the furnace return air system. The Alberta Gas Code requires that combustion
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air be provided to furnaces that use house air for combustion. Most of the fresh air supply ducts
and the combustion air ducts examined were insulated and vapour barriered (See Photos 3 and 4).

Only two of the heat eichangers examined showed any sign of premature rusting in relation to the
heat exchangers regularly seen by the service technicians on furnaces that were not part of fresh air
ventilation systems, both of those in Alberta. Neither of the furnaces should be experiencing any
condensation because of the ventilation system, as the fresh air flow was very low and the mixed air
temperature would be above 18 °C at design temperature, well above the minimum of 13 °C that
would normally cause condensation problems. The extra rust may be attributable to the type of
metal alloy used for the heat exchangers by those particular furnace manufacturers. Though some
rust was found on most, it was very light and typical of most furnaces of the same age.

The ventilation systems encountered were only operational when the furnace was on and producing
heat. 4 :

The Ontario Sample

There was great difficulty finding a sufficient number of heating systems with fresh air ducts
connected to the return air trunk duct in Ontario. This is primarily because fresh air ventilation was
not a Building Code requirement in Ontario until 1991. At the time of testing, few if any houses had
been completed in accordance with the new Code requirements.

Thanks to the service personnel at Union Gas, two detached dwellings were found with such fresh
air vents, though they were modulated somewhat by B.D. Waite humidity control volume dampers
(See photo 2) and an additional eleven townhouses with 200 mm (8 inch) fresh air ducts were
inspected. These 65 m” - 88 m” (700 fi* - 950 ft?) townhouses were considerably over ventilated (by
any standard or code). Calculations indicate that the mixed air temperatures would be below the
dew point at design temperatures in several of these houses (See Table 2) and in fact both the
ventilation duct and the furnace return air trunk duct were covered with condensation in cold
weather according to several owners. However, since these houses had little or no exhaust devices
to induce air flow during the furnace off cycle and because the furnace blower only operated during
the heating cycle, the heat exchanger was not likely exposed to any condensation. No premature
rusting of heat exchangers was found in any of the Ontario houses sampled.

The Ontario houses with large 200 mm (8") fresh air ducts, had high ventilation rates. The
ventilation ducts were only insulated for the first 1 to 2 metres. The insulation had no vapour
barrier and like the bare ducts themselves, became soaked in condensation during the winter.
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Photo 1 - House in Guelph Ontario With a Hard Connected Fresh Air
Duct Connected to the Return Air System

R SN

Photo 2 - Fresh Air is Drawn-in when the Furnace Blower Operates and
When the Humidity in the Return System is Sufficiently High
So That a Waite Humidity Activated Damper Opens
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Photo 3 - Insulated Combustion Air Duct - Edmonton
(In most cases in Alberta, both the combustion and fresh air ducts were msulated )

Photo 4 - Insulated Fresh-Air Flex Duct - Edmonton
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Homeowner Surveys

Most of those surveyed knew their house had a fresh air ventilation system. This may be partially
accounted for by the fact that the majority of those surveyed in British Columbia and Alberta
worked for the utility. Those few systems that had a manual control were seldom activated by the
owners, perhaps because most of them would have been required to open the fumace cabinet to
activate the fan switch. The twelve home owners interviewed in Ontario did not have much
understanding of the purpose of fresh air ventilation or the operation of their system. Most, with
exception of British Columbia home owners, felt that there house was too dry in winter - some had
added humidifiers as a result. This may, though not necessarily, be an indication of ventilation levels
that are too high. Few comfort complaints were received, possibly because most of the systems only
operate when the furnace is producing heat.
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SUMMARY OF OWNER SURVEY

HOUSE # &
LOCATION

Guelph 1
Guelph 2
Guelph 3
Guelph 4
Guelph 5
Guelph 6
Guelph 7
Guelph 8
Guelph 9
Guelph 10
Guelph 11
Guelph 12
Guelph 13
BC 1

BC 2
BC3
BC4
BC5
BC6
BC7
BC8
Alta 1
Alta 2
Alta 3
Alta 4
Alta5
Alta 6
Alta 7
Alta 8
Alta 9
Alta 10
Alta 11
Alta 12
Alta 13
Alta14
Alta 15
Alta 16
Alta 17
Alta 18
Aita 19
Alta 20
Alta 21

VENTILATES
ONLY WHEN
FURNACE ON

yes
yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

no
yes+humidistat
no

yes

no

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no

yes
yes

yes
yes
yes
yes
yes

AWARE OF CAPABILITY HOW OFTEN
VENTILATION OF MANUAL USED
SYSTEM OPERATION MANUALY
yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

no yes/fan switch never

no yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes none na

yes yes continuously
yes Dehumidistat  ?

yes yes continuously
yes no na

yes yes occasional
yes Dehumidistat Dehumid.not used yes
yes ? ? ?
yes yes/ian switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fan switch never

yes yes/fanswitch never

yes yes/fan switch never

yes yes/fan switch never

yes yes continuously
yes no na

yes no blocked in wtr
Inappropriate ventilation system for this study
no no na

yes no na

yes no na

yes no na

yes no na

yes no na

* Supply air temperature is only applicable if fumace blower is
operated at its highest blower speed when the fumace is off.

)
(=]

yes

DISCSUPPLY HOUSE
CAU! AIR TOODRYIN
WINTER

SYSTTEMP.*
none 64.6
none 58.3
none 453
none 385
none 446
none 58
yes 59.2
none 421
none 509
none 47.9
none 48.2
none 525
none 65.1
yes 68.3
none 68
none 684
yes 68.4
none 51.4
none 69.3
none 68.6
none 67
? 64.5
none 67.9
none 63.2
none 62.9
none 53.1
none 64.2
none 64.4
none 65.4
none 64.7

none 62.1
none 67.1

none na
none na
none na
none na
none na
none na
yes na
none na
none na

no
yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
no
no
no
no
no
no
no
no
no
yes
yes
yes
yes
yes
yes
no
yes
no
no
yes
yes
no
no

yes
yes
no
yes
no
yes

CONDENSATION

ON VENT.DUCT OTHER

IN WINTER

no
yes
yes
yes
7

yes

yes

yes
yes
yes
yes
yes
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
yes
no
no
no
no
no
no
no

?

no

?

at damper
?

?

COMMENTS

Waite humidity controlled damper

insulation on vent. duct with no vapour barrier is soaked in winter
Insulation on vent. duct with no vapour barrier is soaked in winter
Insulation on vent. duct with no vapour barrier is soaked in winter
Insulation on vent. duct with no vapour barrier is soaked In winter
Insulation on vent. duct with no vapour barrier is soaked In winter
kitchen ficor cold from cold air In RA joist space

Insulation on vent. duct with no vapour barrier is soaked in winter
Insulation on vent. duct with no vapour barrier is soaked In winter
Insulation on vent. duct with no vapour barrier is soaked in winter.
Insulation on vent. duct with no vapour barrier is soaked In winter
Insulation on vent. duct with no vapour barrier is soaked in winter
Waite humidity controlied damper

Owner- system works well
2 speed blower
Had cond. problems before vent. system Installed

HRYV Installed

Owner wants humidifier
Blocks vent. in winter

Never use humidifier
Was too dry, now humidifies
Humidifies

Added humidifier

damper 3/4 closed in wir



SUMMARY OF FURNACE INSPECTIONS

HOUSE
AND
LOCATION

Guelph 1
Guelph 2
Guelph 3
Guelph 4
Guelph 5
Guelph 6
Guelph 7
Guelph 8
Guelph 9
Guelph 10
Guelph 11
Guelph 12
Guelph 13
B.C.1
B.C.2
B.C.3
B.C.4
B.C.5
B.C.6
B.C.7
B.C.8
ALBERTA 1
ALBERTA 2
ALBERTA 3
ALBERTA 4
ALBERTA 5
ALBERTA 6
ALBERTA 7
ALBERTA 8
ALBERTA9
ALBERTA 10
ALBERTA 11

L1

FURNACE
OUTPUT
BTUH

57000
61500
61500
61500

FURNACE
TEMP.
RISE

CALCULATED
TOTAL SYSTEM
CFM

664
1118
1017

799

932
1035

799

917

VENT.
DUCT SIZE

INCHES’

AN EDEAAEANLLOLDINODODODODODODODODO®®O®OV

MEASURED
VENT. AR
VELOCITY

FPM

429

350

VENT. AIR OUTSIDE WTR
VOLUME DESIGN TEMP.

CFM

60
156
260
243
243

1476

DEG. F

-2
2

CALCULATED

MIXED RETURN

AIR TEMP. F.

64.6
58.3
453

69.3
68.7
67.1
64.5
67.9
63.2
629
521
64.2
64.4
654
64.7
62.1
67.1

HEAT
EXCHANGER VENT.
RUST DUCT
COMPARISON INSULATED
average no
average 1st6 ft
average 1st5ft
average 1st3 ft
average 1st 10 ft
average 1st 10 ft
average no
less rusty no
average 1st6 ft
less rusty i1st3ft
average 1st10 ft
more rusty 1st8 ft
average no
average no
average bare
average bare
average bare
average bare
average bare
average bare
average bare
much more rusty ?
average yes
average yes
less rusty yes
less rusty yes
much more rusty yes
less rusty bare
average yes
average yes
less rusty yes
average yes

SYSTEM
OPERATION
METHOD

fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace
fumace/manual
fumace/manual
continuous 2 spd
fumace
continuous
fumace/manual
fumace/manual
fumace/manual
fumace
fumace/manual
fumace/manual
fumace/manual
fumace/manual
fumace/manual -
fumace/manual
fumace/manual
fumace/manual .
fumace/manual
furmace/manual



Test House

The Edmonton test house provided a great deal of valuable information. The house was a relatively
air-tight R2000 house with an air change rate of 1.11 at 50 pa. A mid-efficiency gas furnace was
installed, therefore, to simulate a chimney when required, an upstairs window was opened 13 mm
(1/2 inch) to provide the free area of a typical gas furnace vent (125 mm or 5 inch). An HRV was
used to simulate the operation of exhaust devices in the house through the operation of only the
exhaust side fan. A maximum exhaust flow rate of 65 I/s (130 cfm) could be achieved by the HRV.
A combustion air duct of 125 mm (5") was installed in the house, the same diameter of the fresh air
duct connecting the furnace return air to the outdoors. Since both the ventilation duct and the
combustion air duct were considered to be inlet ducts, they were located only 330 mm (12 ") apart.
Because of the design of the house, the rim joist area used to measure the house pressure as it was
located close to the natural neutral pressure plane position when all exhaust and supply devices were
inoperative. '

Though tests were run with no exhaust fan running and then when exhausting at 25 I/s, 35 Us, 45 1/s,
55 Us and 65 Us, only the results of the exhaust fan off and the 65 Us test will be discussed here
because they most dramatically show the operation of the house systems. See Table 3 for the
complete test results.

Operation With the Exhaust Fan Off

This test shows what will happen in a tight house with a supply only system operating and all
exhaust devices shut down. Before operation of the furnace, the air flow rate in the ventilation and
combustion air ducts were 3.4 Us and 4.9 I/s respectively, the likely due to the natural stack effect in
the house. With the furnace operating at high speed, 499 I/s (1000 cfm), the pressure at the rim joist
increased from 0.0 to 3.3 pa. The air flow rate in the ventilation duct increased to 48.7 I/s and the
combustion air duct, acting as a pressure relief opening, began to exhaust air at the rate of 8.6 I/s.
Since both the ventilation duct and combustion air duct inlets were located relatively close together,
300 mm (1 ft), the air exiting from the combustion air duct was partially short circuiting and entering
the ventilation air duct. Opening a window to simulate a chimney had little effect on the ventilation
air flow but did reduce the exhaust rate from the combustion air duct to 4.9 Us. With both the
window (chimney) and combustion air inlet open, the pressure at the rim joist, with the furnace
" blower at maximum speed and ventilation flow rate at its maximum, was only 1.5 pa. When the
combustion air duct was sealed closed, the window closed (chimney) and the furnace blower was
operated at high speed, the house was pressurized to 2.5 pa at the rim joist by the fresh air supply,
however, if a window was opened to simulate the presence of a chimney, the pressurization was
reduced to .5 pa. For some undetermined reason, pressure at the rim joist was greater (3.3 pa) when
the window was closed and the combustion air inlet open, than when both the window and
combustion air inlet were closed (2.5 pa), with the furnace blower operating at high speed. The
opposite should have been true. Perhaps the wind conditions were such that neutral pressure point
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that was usually at the level of the rim joist pressure measurement, when all supply and exhaust
devices were off, had shifted at the point of measurement because of local internal pressure effects.

This test showed that in a tight house, a supply only system providing 1/3 ach may not cause
excessive internal positive pressure changes even though there is no pressure relief device such as a -
chimney or combustion air inlet. In a house that was not so tight, or where a conventional furnace
and or a combustion air inlet was installed, the positive pressure caused by the supply-only
ventilation system should be even less. For more details, see Table 3 in Appendix C. Table 3a has
been reproduced with an explanation of the test results on the following page.

When operated at 65 I/s (130 cfm), with no fresh air supply being mechanically provided, house
pressure at the rim joist decreased to -6.3 pa, enough to cause spillage from a naturally aspirated
furnace. The negative pressure induced a flow of 14.9 V/s through the combustion air duct and 15.9
through the ventilation air duct. These two ducts provided a total of 30.8 I/s, almost half that being
exhausted, when no chimney was present (the balance being provided through envelope leakage).
When a window was opened to simulate a typical chimney, the total air flow through the two ducts
decreased to 19.9 /s, indicating that a 125 mm (5") chimney would supply approximately the same
amount of air as either the 125 mm combustion air duct or the 125 mm ventilation air duct,
approximately 10 I/s. During high speed operation of the furnace blower, the ventilation air flow
rate was 51.2 /s and the combustion air duct flow rate was 8.6 I/s, for a total of 59.8 I/s, almost
equal to the 65 I/s exhaust rate. The negative pressure at the rim joist reduced to 3.3 pa. Opening
the window to simulate the presence of a chimney had little effect on flow rate but did reduce the
negative pressure at the rim joist to only .8 pa.

This test indicates that in a tight house, an exhaust device removing only 65 Vs of air, could de-
pressure the house sufficiently to cause combustion spillage even when both a fresh air duct
connected to the furnace return air system and a combustion air supply is present. It appears that
when the furnace blower comes on, even at medium speed (the low speed setting), sufficient air is
introduced to the house to reduce the negative pressure to an acceptable level. This means that a
conventional furnace may spill until the blower comes on and then establish a draft. A conventional
gas water heater would also spill unless the furnace blower came on. If the furnace blower was left
on continuously, neither water heater nor furnace spillage would likely occur in a tight house with
an exhaust device operating at less than 65 I/s. (An even higher exhaust rate may