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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. 

__J 
Beat 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 l 8°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 1 87 ft2 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 1 8°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 = $1 10 annually. This would provide a six year payback 
for the additional cost of the ten high wall outlets. Of course an HR V could be use_d to temper the 
fresh air to 1 3°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; 
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• 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 a.ch, 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: 
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L ' obj et premier de cette recherche consistait a dete rminer s i  l ' echangeur de 
chaleur des generateurs rouillait de facon prematuree ou excess ive s ous l ' effet 
de la condensation lorsque les conduit s d' admiss ion d' a i r  et aient raccordes au 
circuit de reprise d' air . Il etait de plus quest ion de s ' enque rir aupres des 
occupants s ' ils res sentaient des courant s d' a i r  f ro id, en plus d' invest iguer 
les repercussions d' une telle instal lation de vent il ation sur la consommat ion 
d ' energie et la valeur concrete d' amenage r des sort ies d' alimentation en partie 
superieure des murs interieurs . Une ma ison devait fa ire l ' ob jet de mesures des 
mouvements d' a i r ,  de s temperatures et des press ions pendant divers mode s de 
fonctionnement du systeme de vent ilat ion . 

:tnspection de 1' 6changeur de cha1eur 

Aucun s igne de corros ion prematuree de l ' echangeur de cha leu r ,  pouvant etre 
reliee a la condensat ion par s uite de ! ' admiss ion d' air de vent ilat ion froid, 
n ' a ete decele dans les ma isons inspectees en Albert a ,  en Co lornbie -Britannique 
et en Ontario . Malheureusement , une seule insta l lat ion , a -t -on constate , 
fonctionnait continuellement ( le pire des. scenarios ) ,  alors que la plupart ne 
se mett aient en marche qu ' au depart du generateur . Meme si la ma jo rite des 
installat ions etudiees en Albe rta ( z one c limatique la plus fro ide des regions 
investiguees ) avaient ete s oumi ses a un fonct ionnement cont inue l ,  les me sures 
du mouvement d' air frais et les calculs de la tempe rature de l ' air en resultant 
dans le circuit de reprise , selon les condit ions theoriques exterieure s ,  
indiquaient que les debits n ' etaient pas suffi sant s pour faire chute r  l a  
temperature de l ' air me lange sous l e  point de rosee ( s oit environ 1 3 " C ) , 
explicat ion la rgement att ribuable au fait que les debits d' air de vent ilation 
etaient de beaucoup inferieurs a ce que requiert le Code du bat iment . 

Les conduits d' admis s ion d' air frais ' des ma isons de la Colornbie-Brit annique , 
pourtant depourvus d' isolation , ne mani festaient pas de s igne de condens ation, 
en raison surtout du climat doux . Par contre , t ous les conduits de vent i lat ion 
de l ' echant i llon de l ' Alberta eta ient pou rvus d' iso lant et d' un pare -vapeur . 
Les conduits de vent ilat ion examine s dans les ma isons de l ' Ont a rio avaient 
genera lement ete enveloppes d' i s olant de fibre de verre sur une dist ance de 
quelques pieds depuis l ' endroit ou ils t raversaient le mur ,  ma i s  laisses sans 
pare-vapeur .  Les occupants ont s ignale que de la condensation se formait sur 
les conduits pendant la ma j eure partie de l ' hive r  et que l ' iso lant , en 
! ' absence de pare-vapeur, retenait l ' eau comme une eponge . 

Enqu@te aupres des propri6taires 

Les proprietaires de toutes les mai sons inspectees lors de cette recherche ont 
ete interroges sur leur degre de conna i s s ance du systeme de ventilation en 
place , la performance qu' i l s  lui att ribuaient et la fa9on de le faire 
fonctionner .  La plupart savaient que leur ma ison etait equipee d' un systeme de 
vent ilation dote d' un conduit d' admiss ion d' air fra i s ,  ce qui s ' expl ique en 
part ie par le fait que la ma j orite des pers onnes inte rrogees en 
Colombie-Brit annique et en Albe rta t ravailla ient pour les services publics . Le s 
propriet aires de l ' Onta rio sava ient , pour la plupart , qu ' il s  possedaient un tel 
systeme de vent i lat ion , soit parce qu ' i l s  l ' avaient eux-meme s fait installer 
pour enrayer l ' exces d' humidite, s oit , comme c ' etait le ·cas de certaines 
ma isons en bande ca racte risees par un t aux de vent ilation e leve , qu' ils 
faisaient face a une facture de services publics t res e levee . Les quelques 
installat ions pourvues d' une commande manue lle eta ient ra rement mi ses en marche 
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par le proprietaire , peut-etre parce qu ' i l leur aurait fa llu ouvrir le bati du 
qenerateur pour act ionner la comrnaJlde du vent ilateur . Les douze propriet aires 
interroges en Ontario ne s aisis saient pas trop le pourq\ioi de l ' air frais de 
vent i lat ion OU du fonctionnement du systeme . Pourtant , la plupa rt , a 
! ' exception des proprieta ires de la Colombie-Britannique , estimaient l ' air de 
leur maison t rop sec en hive r ,  de sorte . que certains avaient meme fait 
! ' acquisit ion d' un humidificateur . Cette s ituation pourrait , ma is pas 
necessa irement , etre une indication du niveau de vent ilat ion t rop e leve . Peu de 
plaintes pour raison d' inconfort ont ete recues , .  po s s iblement pa rce que la 
plupart des systeme s ne fonct ionnaient que lorsque le gene rateur produis ait de 
la chaleur . 

· 

Sorties d' alimentation en partie au�rieure des murs interieurs 

ttant donne que les s ortie s amenagees en part ie superieure des murs inte rieures 
peuvent int roduire a l ' int e rieur de l ' air a une temperature de 13 " C  sans causer 
d' inconfort , comparat ivement a l B " C  pour les diffuseurs de sol o rdinaire s ,  le 
besoin de temperer l ' air frais par t emps froid se fait moins sentir . La mise en 
place de telles sorties coQte certes plus che r au depart , mais offre l ' avantage 
de reduire les frais de fonctionnement du systeme de vent ilat ion . 

Un entrepreneur de chauffage de Toronto et un autre d' Edmonton ont fourni une 
estimation du cont supplementaire a engage r ,  par pa rcours , pour ! ' installation 
en part ie superieure de s murs inte rieurs des sort ies a l imentant eri air f rais 
les pieces occupees sans t outefois causer de sensation d' inconfort . 
L' entrepreneur d' Edmonton en etablit le coQt supplement a i re entre 5 0  et 52 
dol lars , et ! ' entrepreneur de l ' Ont ario ent re 4 0  et 65 do llars . 

Une ma i son type de 1 8 7  pi
2 

requiert environ 1 0  sorties murales , representant un 
supplement (par rapport aux sorties au niveau du planche r )  de 5 0 0  dollars . Le s 
calculs demontrent que s i  l ' a i r  de venti lation de la meme ma ison situee a 
Toronto devait etre t empe ra a l ' elect ricite pour que la temperature de l ' air 
dans le circuit de reprise se t rouve au-dessus de l B ' C , i l  en coQterait 
2 1 8  dollars par annee, au prix d' au j ourd' hui . Tempe rer le meme air au moyen du 
ga z nature !  coQterait 97 do llars , soit 1 2 1  dollars de moins . Il en coQterait 
seulement 26 dol lars par annee pour ramener a une temperature de 1 3 ' C ,  grace a 
un rechauf feur de conduit electrique , l ' air des sorties en partie superieur des 
murs interieurs , soit uniquement environ 1 4  do llars de plus qu ' en tempe rant 
l ' air au moyen du ga z nature ! . Ces coQts supposent une vent ilat ion cont inue a 
raison de 0 , 3 renouvellement d' a i r  a l ' heure . L ' ut ilisation de s ort ies _ mura les 
elevees permettrait de realiser de s economies annuelles de 1 92 do llars en 
frais d ' electricite . Puisqu ' i l  faudrait t out de meme tempe rer l ' air frais 
admis , i l  en coQterait environ 84 dollars en ut ilisant le gaz nature! . Par 
consequent , ! ' installat ion de s o rties murales ferait realiser au propriet aire 
des economies annuel les de 1 1 0  do llars ( 1 9 4  $ - 8 4  $ )  . Le de lai de recuperat ion 
du supplement engage en raison des dix sortie s  murales correspondrait a s ix 
ans . Bien sUr, le rec ours a un echangeur-recuperateur de chaleur ,  plutOt qu ' a  
un rechauffeur de conduit electrique , pour tempe rer l ' air frais a une 
temperature de 1 3 ' C  ferait davantage economiser en frais de fonct ionnement 
annuels , ma is le prix d' un echangeur-recupe rateur de chaleur ( environ 1 3 0 0  $ 
installe ) compa rativement a un rechauffeur de conduit ( 4 0 0  $ installe ) 
a llongerait beaucoup le de lai de recupe ration . 

... ... " .. 
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R6sultats des essais 
Une maison d' Edmonton a ete la scene d' essais de performance de ! ' instal lation 
combinee de chauffage et de vent i lation . Voici les re sultats constate s : 

Les conduits de ventilation et d' air comburant t iennent l ieu de conduits 
d' air de compensat ion lorsque le souffleur du generateur ne fonctionne 
pas . 

L' air de compens ation int roduit par le conduit de vent ilat ion chemine dans 
le conduit de reprise du systeme de chauffage et se deplace en di rection 
du generateur ou il s ' accumule puisque le generateur sert de vaste piege 
en forme de P .  

Lorsque la temperature exterieure t ombe au-dessous de O ' C ,  la tempe rature 
de l ' air present dans le conduit de · repri'se et le generateur peut chuter 
s ous le point de rosee , risquant d' occasionne r la fo rmat ion de 
condensation a la surface des conduit s et du generateur, tout comme cel le 
des gaz d' evacuat ion de la veilleuse en attente , le cas echeant . 

Le souffleur du gene rateur qui fonct ionne a un debit suff is ant pour 
as surer 0 , 3 renouvellement d' a i r  a l ' heure soumettra la maison etanche a 
une legere surpression ( 3 , 3 P a ) . 

Lorsque le s ouff leur du generateur fonctionne , la mais on subit une 
surpression et le conduit d' air comburant evacue l ' air de ! ' habitat ion 
dehors . 

En parei lle s ituation, le «conduit d' evacuation» peut court -circuiter la 
prise d' air de vent ilat ion , s i  celle-ci se t rouve a proximite de la prise 
d' air compurant . 

Un conduit d' evacuation ouvert OU la cheminee peut egalement evacuer de 
l ' air, reduisant a insi la quantite extirpee par le conduit d' air 
comburant . 

Le fonct ionnement du souff leur du generateur ent raine un debit d' a i r  frais 
suffisant dans la maison pour compenser l ' a i r  evacue pa� les dispositifs 
d' ext ract ion, reduis ant les risques d' emanations des produit s de 
combustion ou , le cas echeant , la duree des emanat ions . 
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INTRODUCTION 

The 1990 National Building Code and 1990 Ontario Building Code require the installation of a 
mechanical v�tilation 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 S Pa do not occur. 

The simplest method of complying with the 1990 ventilation requirements is to install a combination 
of ba;throom and kitchen fans capable of providing sufficient ventilation capacity; and a passive duct 
installed (usually in the basement) of sufficient siz.e so as to not cause excessive depressurization. 
While this "minim.um" 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 depressurization 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 "minim.um 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 recogniz.e the impracticalities of the "minim.um" 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 minirnire potential condensation on the heat exchanger. This is of 
particular concern 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 HV AC installers have also raised the issue that this design may in fact void manufacturer 
warranties for the furnace. 
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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 conn�d 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 fo� 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 in�pect for 

such corrosion is through visual inspection. 

Three gas utilities, Union Gas in Southwestern Ontario, North Western Utilities in �onton 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, provided 
the basis of comparison for the heat exc�nger 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: 

Where: 

MAT = Tl - ((Tl-T2) * V2'(Vl+V2)) 

MAT = mixed air temperature 
Tl = indoor air temperature 
T2 = outdoor air temperature at design conditions 
Vl = volume of dwelling air being mixed with fresh air 
V2 = volume of outdoor air beirig 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. 
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c. Method "a." and in addition, when a humidistat activated the blower 
because the indoor humidity level bad exceeded a preset lev�I: 

· 

d. A combination of "a.", "b." and "c.". 

S) 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. 

7) 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 ffigh-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, th.er� 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 mdoor air in the return air system of a 
furnace must exceed 13  °C (SS °F) to ensure that no condensation occurs on the ducts or furnace heat 
exchanger (CSA F326). In addition, some furnace manufacturers require that the minim.um 
temperature of the air passing over the heat exchanger is at least 13 °C for conventional furnaces and 
15.S °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 m2 (2000 ft2) 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 l 3°C for delivery by high inside wall outlets 
was calculated. The kilowatt hour cost reflects Ontario Hydro's c:urrent 1 99 1  rate. In addition:, the 
cost of tempering the fresh air to 18cC with natural gas was calculated using 1 991 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 Bouse 

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 computeriz.ed 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: 
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2. 

3. 

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; 

f) return air entering the furnace plenum; 

g) 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; 

j) supply air to an main floor room far from the furnace; 

k) supply air to a lower level room. 

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. 

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: 

1 .  Furnace: vertically vented medium efficient, power-vented, gas-fired 
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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 

S. Exhaust fan: HRV operating as an exhaust only system and drawing from 
bathrooms and kitchen 

Continuous Airflow and Temperature Monitorin2 

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 

Beat Exchanger Inspections 

During the spring of 1991, the furnaces of 13 homes in Ontario, 8 in B.C. and 1 1  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 tem�rature in the return system 
would be sufficiently cool during the heating season to cause the formation of condensation on the 
heat exchanger. 

The British Columbia Sample 

The B.C. Building Code provides two ventilation flow rate options for houses with up to 200 m2 
total floor area, approximately .28 ach if controlled automatically by a dehumidistat and half of that 
if continuously supplied. For house8 over 200 m2, 40 l/s must be provided automatically regardless 
of house size, or if continuous ventilation is provided, 30 l/s is required for a 300 m2 house and 40 
l/s for a 400 m2 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 �t 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 fres4 a4" supply ducts 
and the combustion air ducts examined were insulated and vapour barriered (See Photos 3 and 4). 

Only two of the heat exchangers 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 1 3  °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 folind 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. 

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 m2 - 88 m2 (700 ft2 - 950 ft2) 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 Co�ccted Fresh Air 
Duct Connected to the Return Air System 

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 Acth·ated 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 insulated.) 

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

Most of those sUl'Veyed knew their house had a fresh air ventilation system. This may be partially 
accounted for by the fact that the majority of those sUl'Veyed in British Col�bia 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 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 �eir 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 

AWARE OF CAPABIUlY HOW OFTEN VENTILATES DISCSUPPLY HOUSE CONDENSATION 

HOUSE # &  VENTILATION OF MANUAL USED ONLY WHEN CAU: AIR TOO DRY IN ON VENT. DUCT OTHER 

LOCATION SYSTEM OPERATION MANUALY FURNACE ON SYS1TEMP.• WINTER IN WINTER COMMENTS 

Guelph 1 yes yes/fan switch never yes none 64.6 no no Waite humidity controlled damper 

Guelph 2 yes yes/fan switch never - yes none 58.3 yes yes Insulation on venl duct with no vapour barrier Is soaked In winter 

Guelph 3 yes yes/fan switch never yes none 45.3 yes yes Insulation on vent duct with no vapour barrier Is soaked In winter 

Guelph 4 yes yes/fan switch never yes none 38.5 yes yes Insulation on vent duct wlll:l no vapour barrier is soaked In winter 

Guelph 5 no yes/fan switch never yes none 44.6 yes ?? Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 6 no yes/fan switch never yes none 58 yes yes Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 7 yes yes/fan switch never yes yes 59.2 yes .yes kitchen floor cold from cold air In RA joist space 

Guelph 8 yes yes/fan switch never yes none 42.1 yes yes Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 9 yes yes/fan switch never yes none 50.9 no yes Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 10 yes yes/fan switch never yes none 47.9 yes yes Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 1 1  yes yes/fan switch never yes none 48.2 yes yes Insulation on vent. duct with no vapour barrier is soaked In winter 

Guelph 1 2  yes yes/fan switch never yes none 52.5 yes yes Insulation on vent. duct with no vapour barrier Is soaked in winter 

Guelph 1 3  yes yes/fan switch never yes none 65.1 no no Waite humidity controlled damper 

BC 1 yes yes/fan switch never yes yes 68.3 no no 

BC 2 yes none na yes none 68 no no OWner- system works well 

BC 3 yes yes continuously no none 68.4 no no 2 speed blower 

BC 4 yes Dehumidistat ? yes+humidistal yes 68.4 no no 
BC 5 yes yes continuously no none 51 .4 no no 

BC 6 yes no na yes none 69.3 no no Had cond. problems before vent. system Installed 

BC 7 yes yes occasional no none 68.6 no no 
I BC 8 yes Dehumidistat Dehumid.not used yes none 67 no no 

Alta 1 yes ? ? ? ? 64.5 yes no HRV Installed 

Alta 2 yes yes/fan switch never yes none 67.9 yes no 
Alta 3 yes yes/fan switch never yes none 63.2 yes no 
Alta 4 yes yesffan switch never yes none 62.9 yes no OWner wants humidifier 

Alta 5 yes yesffan switch never yes none 53.1 yes no Blocks vent in winter 

Alta 6 yes yesffan switch never yes none 64.2 yes no 
Alta 7 yes yes/fan switch never yes none 64.4 no yes 
Alta 8 yes yes/fan switch never yes none 65.4 yes no 
Alta 9 yes yes/fan switch never yes none 64.7 no no Never use humidifier 

Alta 10 yes yes/fan switch never yes none 62.1 no no Was too dry, now humidifies 

Alta 1 1  yes yesffan switch never yes none 67.1 yes no Humidifies 

Alta 1 2  yes yes continuously no none na yes no 
Alta 1 3  yes no na yes none na no no 
Alta 1 4  yes no blocked in wtr yes none na no no 
Alta 1 5  Inappropriate ventilation system for this study 
Alta 1 6  no no na yes none na yes ? Added humidifier 
Alta 1 7  yes no na yes none na yes no 
Alta 18 yes no na yes none na no ? 
Alta 1 9  yes no na yes yes na yes at damper damper 314 closed in wtr 
Alta 20 yes no na yes none na no ? 
Alta 21 yes no na yes none na yes ? 

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

.... 
°' 

� 



'• 

SUMMARY OF FURNACE INSPECTIONS 

MEASURED HEAT 

HOUSE FURNACE FURNACE CALCULATED VENT. VENT. AIR VENT. AIR OUTSIDE WTR CALCULATED EXCHANGER VENT. 

AND 

LOCATION 

Guelph 1 
Guelph 2 
Guelph 3 
Guelph 4 
Guelph 5 
Guelph 6 
Guelph 7 
Guelph 8 
Guelph 9 
Guelph 1 0  
Guelph 1 1  
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 
ALBERTA 9 
ALBERTA 10 
ALBERTA 11  

-
'I 

OUTPUT 

BTUH 

57000 
61 500 
61 500 
61 500 
61500 
61500 
61 500 
61 500 
61 500 
61 500 
61 500 
61 500 
49000 
84000 
80000 
72000 
79800 
68000 
68000 

1 04000 
84000 
79680 

121260 
109572 

80685 
7971 2 
87035 
56832 
84975 
91 124 
85696 
98400 

TEMP. TOTAL SYSTEM DUCT SIZE VELOCITY 

RISE CFM INCHES . FPM 

60 864 5 429 
50 1 1 18 8 450 
55 1017 8 750 
70 799 8 700 
60 932 8 700 
54 1035 8 425 
70 799 8 300 
60 932 8 750 
45 1 242 8 750 
54 1035 8 700 
50 1 1 18 8 750 
45 1 242 8 700 
50 891 5 390 
84 909 6 1 50 
80 909 4 400 
90 727 3 450 
87 834 4 300 
95 651 7 500 
44 1405 4 225 

1 1 0 860 4 250 
1 05 727 4 470 

55 1317 6 380 
70 1 575 4 400 
56 1 779 6 650 
40 1 834 6 700 
90 805 6 800 
60 1 319 5 575 
62 833 5 350 
56 1 379 5 475 
94 881 5 350 
85 91 7 4 ?  
90 994 4 350 

VOLUME DESIGN TEMP. MIXED RETURN RUST DUCT 

CFM DEG. F AIR TEMP. F. COMPARISON INSULATED 

60 -2 64.6 average no 
1 56  -2 58.3 average 1st 6 ft 
260 -2 45.3 average 1st 5 ft 
243 -2 38.5 average 1 st 3 ft  
243 -2 44.6 average 1st 10 ft 

147.6 -2 58.0 average 1st 10 ft 
104 -2 59.2 average no 
260 -2 42.1 less rusty no 
260 -2 54.9 average 1st 6 ft 
243 -2 53.1 less rusty 1 st 3 ft 
260 -2 53.3 average 1 st 1 0  ft 
243 -2 55.9 more rusty 1st 8 ft 

57 -2 65.4 average no 
29 1 9  68.4 average no 
35 1 9  68.0 average bare 
22 19 68.5 average bare 
26 1 9  68.4 average bare 

1 73.6 1 9  56.4 average bare 
1 9.5 1 9  69.3 average bare 
22.5 1 9  68.7 average bare 

41 1 9  67.1 average bare 
75 -26 64.5 much more rusty ? 

34.7 -26 67.9 average yes 
126.4 -26 63.2 average yes 
1 36.1 -26 62.9 less rusty yes 

1 50 -26 52.1 less rusty yes 
79.9 -26 64.2 much more rusty yes 
48.6 -26 64.4 less rusty bare 

66 -26 65.4 average yes 
48.6 -26 64.7 average yes 

75 -26 62.1 less rusty yes 
30.4 -26 67.1 average yes 

SYSTEM 

OPERATION 

METHOD 

furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace 
furnace/manual 
furnace/manual 
continuous 2 spd 
furnace 
continuous 
furnacefmanual 
furnace/manual 
furnace/manual 
furnace 
furnacefmanual 
furnace/manual 
furnace/manual 
furnace/manual· 
furnacefmanual · 

furnacefmanual 
furnacefmanual 
furnace/manual . 
furnacefmanual 
furnace/manual 



Test Bouse . . . 

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 . 1 1  at 50 pa. A mid-efficiency gas furnace was 
installed, therefore, to simulate a chimney when required, an upstairs window was opened 1 3  mm 
(112 inch) io 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 l/s (130 cfm) could be achieved by the HR V. 
A combustion air duet 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 na� 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 l/s, 35 l/s, 45 l/s, 
55 l/s and 65 l/s, only the results of the exhaust fan off and the 65 l/s test will be discussed here 
because they most dramatically show the operation of the house systems. See Table 3 for the 
complete test results. 

O,peration With the Exhaust Fan Off 

This test shows what will happen in a tight house with a supply only system operating an� all 
exhaust devices shut down. Before operation of the furnace, the air flow rate in the ventilation and 
combustion air ducts were 3.4 1/s and 4.9 1/s re�pectively, the likely due to the natural stack effect in 
the house. With the furnace operating at high speed, 499 l/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 l/s and the 
combustion air duct, acting as a pressure relief opening, began to exhaust air at the rate of 8;6 l/s. 
Since both the ventil�tion duct and combustion air duct inlets were located relatively cl6se 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 l/s. With both the 
window (chimney) and combustion air inlet open, the pressure at the rim joist, with the furnace 

· blower at maximum s:Peed and ventilation flow rate at its maximum, was only 1 .5 pa. When the 
eombustion air duct was sealed closed, the window closed (chimney) and the furnace blower was 
operated at high speed, the house was pressuri7.ed 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 pressuri7.ation 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 interriai 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. 

Operation Wjth Exhaust Fan Exhaustine 65 Us (130 cfm) 

When operated at 65 l/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 1/s through the combustion air duct and 15.9 
through the ventilation air duct. These two ducts provided a total of 30.8 1/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 l/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 1/s. During high speed operation of the furnace blower, the ventilation air flow 
rate was 51 .2 l/s and the combustion air duct flow rate was 8.6 1/s, for a total of 59.8 1/s, almost 
equal to the 65 1/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 1/s 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 pressilre 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 1/s. (An even higher exhaust rate may have also caused 
no problem providing the furnace blower was left on continuous run, however, we did not measure 
the upper limit of safe exhaust rate.) For more information see Table 3 in Appendix C. Table 3c 
has been reproduced with an explanation of the test results on page 19. 
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VENTILATION SYSTEM USING A HARD DUCT CONNECTION BElWEEN THE FURNACE RETURN AIR SYSTEM AND THE OUIDOORS 

Table 3a: ONE-TIME llEASURMENTS OF AIRFLOWS, TEMPERATURE AND PRESSURE 

Test Meuuramants Wlh Exhaust Fan on 

Parameter 

Exhaust Fan 
Furnace Fan 
Ventllatlon Air Duct 
Combustion Air Duct 
Window (Simulates chimney) 

Combustion Air Hood Temp. 

Ventllatlon Air Hood Temp. 

Rim Joist Pressure 

Ventllatlon Air Flow 

Combustion Air Flow 

Time of Measurement 

� 

LJs 
l./9 

·c 

·c 

Pa 
LJs 
LJs 

Condition 

\.i·: .. �Ht�·.o··
·Ch'�.·

.
"
.

·
,.9. ·t.

q3f.' 
(4) 

Chl
(�ney 

(6) "
. 
t
·
m
.
�
.
;�z.

.
=
.
� .. ·'
·
f.�·.(9};. (10) Chimney No Chlmne � �l�iifjl ; Chimney N c Ch 

�116�•tti: .�:! OFF OFF OFF ,,, -�FF.1rjtg�:ts
'
::;sf�1 OFF 

(17) c1s> ?.�'., '<tii1ml�>� i}h,._iffN . . . 
lf.b;.u'fi: '" .340·t)':;49g : OFF 346 489 : �  OFfd.;:> 325 ";�' .1f:73'. OFF tfopEJil OPEth OfiEN OPEN OPEN OPEN : . sHIJftsH· ur . SHUT� SHUT 
V<)fi'EN:+bi>EN}OP:EN OPEN OPEN OPEN OPEN . OPEi'L OPEN° OPEN iSH.UT''.-<$aur:':·SHUT OPEN OPEN OPEN : SHl.i'F SHVT . SHUT : OPEN 

SHUT SHUT •:• OPEN/OPEN OPEN OPEN 

OFF 
348 

OPEN SHUT 
OPEN J=t ... ,'.":::<·:�:;/ .. :�j��);, : 1 . .: ., {: .''' : 

g��� g��� f �-:�:�1:���� ��� 
�::, .::: ,, . ,C<?n:tbOstlOh-alr Inlet ls exhausting Air exhausUnil lroti'! c6mbustlon air Inlet �:�· ;

"
·ln

·
Bl·eadiif -suppl�lng air. i<......,_ Is �hort clr'C\i�lhg�� �n:llatlon air Inlet. 

�&to:9 l 13.8! 17.71 1 .3 1  12.0 1s.[]/ u . 1 .1 :..·< ·1.0 ; o.7 o.5 . .... ·:r� ·: : . . . .  . 
. --- . fiifio:!J l  '..: ��5 ;· 3.2 j 1 .3 2.4 1 .7 il{a · . :�ya. · Ma : n/a n/a 

'34• . . < [f.ili:o.o ,........·�,,.-.s=--.. ---:3""-,3"" o.o l o.3 1 .5j  o:o o.o , · o.o . -1 .0 - 1 .0 
0.0 0.0 0.0 0.0 

0.5 \\it/it?: ?ri/8' : : }: fl/If n/a n/a 

-:: �!1�1� -:: .::: 

OFF w:oF"ro: o'ff 499 lorF'fi.:offl, : 
OPEN '=�SHUi StftlT. ! SHUT rstfot> StiUT : 
OPEN �SHI.ft". OREN ' ��I . 

! 

ir 1 . 32. " .5 ·;� �8.� c:J·6 33.9.�8.7 o.o 
, ( ''.. ,,.(. . : .. . �5,.7�. ,'."8.6 6.2 . -2.4 -4.9 4.0 

105 11s 7 ,' 25 �s 805 
4.0 
809 :; ' : : '!!! : : �'J :.: :� 4.8 ' 6.9 7.2 

812 . 815 820 . , 
·� � 

Chimney Is partlally rellevlng 
positive pressure created In the house 
by th!! ventllatlon system. 

The addltlonal stack effect created by the 
presence of a chimney, causes Increase(! 
air flow In the ventilation duct when the furnace 
blower Is off. 

Shows chimney creates a stack 
effect of - 1 .0 pa In this house. 
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VENTILATION SYSTEM USING A HARD DUCT CONNECTION BETWEEN THE FURNACE RETURN AIR SYSTEM AND THE OUTDOORS 

Table 3c: ONE-TIME llEASUfWEMTS OF NRFLOWS, TEMPERATURE AND PRESSURE 

Te91 M•surements Wlltl EJdaust FH @ 85 l.18 

Parameter CondlUon No Chimney 
(1) (2) (3) 

Chimney No Chimney Chimney No Chimney Chimney N C Ch 

Exha.U8l Fan 
Fumace Fan 
Fresh/Makeup Air Duct 
Combustion Air Duct 
Window (Simulates chimney) 

Combustton Air Hood Temp. 

Fresh/Makeup Air Hood Temp. 

Rim Joist Pressure 

Fresh/Makeup Air Flow 

Combustion Air Flow 

Time of Measurement 

N ..... 

l./a 
l./a 

"C 

"C 

Pa 

lJs 

Us 

(4) (5) (6) (7) (8) (9) (10) (1 1) (12) (13) (14) (15) (16) (17) (18) (19) (20) 

l.f;;:��,, ·��=J o� �QP�> .OP�;,O:PEt-f · OPEN �P�; �p1$Pf:'·pp� OPEN 

i�t�tli� OPEN 

}.f \.: ·':.t:. ' .�:;;�f\�i :� 
��tahtb Hmtls for =,��11��1ra���· & , 9.3 .''' �.4., \�.'. 9.9 10.3 
t.?' . �� -�; �', 

� ... 
, 

9.5 ·.. 9.� 10.2 10.4 

65 
361 OPEN OPEN OPEN 

t· 

65 

7.8 

n/a 

(.:..s:s1 _: . .:...3.ir· . �-3.o� - 1 .0 
' ' 

-8.5 ' -B.5 . -·a,s·' -3.8 
� ' 37.5 

� . . JU 
1352\355 

_ 51 . 2' r-w:21 36.5 � i>.-0 ;. 0.0 
. 

:·. Q.O 

B.6 � 7.5 � 17:6 v:.s,.. 1.7.8 

1358 1401
,\1404 1407 1413 1416 1419 

Chimney supplylng 
Indicates venlllallon duct Is about 1 o Ifs. 
an effective make-up air source . 

0.0 

14.4 

1423 

65 
352 

SHUT OPEN OPEN 

8.4 

n/a 

-3.8 

0.0 

14.2 

1427 

es m;>."�Mr��·�\m:z� 85 
480 i/Pf�$;F.$7:�J� OFF 

SHUT tf>pfN;}:OPEN ,;· oe�� OPEN 

10.2 

-2.B 

85 
365 OPEN 

SHUT OPEN 

9.3 

-1.3 

37.0 

0.0 

1448 

�:,,.., . '.:! 50.6 t . o.'IL , o.o'. 
.... -:.,,. 

o.o k· O.!> ·':.o.o . 

1451 622 635 



Fresh Air Mi&ration in the Heating!Yentilatin� System When the Furnace Blower is Off 

The above tests iridicated that the ventilation air duct will operate as a make-up air duct w�en the 
furnace blower is off, if a negative pressure is present. 

The tests showed �t very little air flows upstream through the cold air return ducts. The cold 
outdoor air tended to migrate towards the furnace, collect in the furnace which acted as a large "P" 
trap after the warm air present in the furnace had been replaced by much colder outdoor air. 
Eventually, if the_ furnace off cycle was sufficiently long, the furnace "P" trap completely filled with 
cool air which then spilled out into the supply system, flowing only a short distance in the trunk duct 
(after a furnace off period of approximately 45 minutes). With an outdoor air temperature of 1 .8 
°C, the air temperature in the furnace, after four hours, decreased to 1 1 .2 °C. This may be 
sufficiently cool to cause condensation under some circumstances. A subsequent test when the 
o�tdoor temperature reached - .2 °C resulted in the temperature of the air in the furnace reaching 
10. 4 °C after only one hour. The temperatures measured in the return air duct and the furnace 
reflect tempering that has incurred caused by heat gain through the duct from the warmer basement 
air. 

The results of this monitoring are displayed in Table 4. The following points should be noted with 
regards to the data: 

1 .  The measurements were taken during periods when the thermostat did not call for 
heat. In colder weather, the furnace will fire more frequently and it is suspected, 
although not confirmed, that the cooling effect of the ventilation air may not be 
dramatically different than displayed in Table 4. 

2. Each data set represents a furnace off cycle. 

3. 
· The fresh air enters the return air plenum approximately 2 m (7 feet) above the point 

where the mixed air into the furnace is ·measured. 

4. . The furn� supply temperature is measured 76 cm (2.5 feet) above the furnace. The_ 
supply duct to the lower floor room branches off the supply plenum 46 cm (1 .5 feet) 
higher than the supply temperature measurement point. 

This test indicates that fresh air introduced though a 125 mm (5") duct hard connected to the return 
air system may cause furnace heat exchanger condensation problems under cold weather conditions, 
especially if a standing pilot light is present, during the furnace off cycle, if the off cycles are prolonged 
(such as after a thermostat set-back) and/or if significant exhaust devices/appliances are utilized. 
Usually thermostat set-back periods occur during periods of inactivity or occupant absence, lessening 
the likelihood of prolonged exhaust device activation. In inost parts of the country, normal automatic 
thermostat operation would probably cause the furnace to come on before the temperature of the air 

22 

" ... ,, 



around the heat exchanger cooled sufficiently to reach the dew point. The exception may be an 
oversized furnace installed in a well insulated house where the outdoor winter temperature is very low. 
In such a case, the off times may be sufficiently long, and the outdoor air sufficiently cool, to cause 
the temperature of the heat exchanger to go below the dew point. For more detailed information see 
Table 4. 
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FRESH AIR MIGRATION IN DUCT SYSTEM DUflNG FURNACE OFF-CVQ.E 

Tabla 4: CONTINUOUS AIRFLOW AND TBFERAnJRE MONTOflNG 

Flow Meuurements ll.I•) Data Set 1 Data Set 2 

Flow of Fresh/Makeup Air (Ua) 18.6 18.0 16.6 1 6.4 15.4 17.1 16.6 16.8 1 7.1 1 7.8 1 3.4 13.8 13.5 13.5 13.4 18.0 16.6 
Flow of Exhaust Air Makeup Air (Us) 65.7 65.7 65.9 65.9 65.8 65.9 66.0 66.0 66.0 65.9 66.8 67.1 66.8 66.8 66.8 66.6 66.6 
Furnace Fan OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF 

Tempendure Measurements re> 

Fresh/Makeup Air Entering Intake Hood 7.1 5.2 4.9 4.5 3.9 3.1 2.4 2.3 2.0 1 .8 0.3 -0.8 -0.5 -1 .0 -0.9 -0.6 -0.2 
Fresh/Makeup Air Entering Retum Air Plenum 9.1 8.7 8.4 8.2 7.8 7.0 6.4 6.3 5.8 5.6 1 1 .3 6.5 5.3 4.7 4.6 3.9 4.1 

I Retum Air Entering Main Floor Register 21 .1 20.5 20.1 1 9.9 19.7 1 9.6 1 9.4 19.0 18.5 1 8.2 21.3 21 .0 20.6 20.6 20.2 1 9.7 19.1 
Mixed Air Entering Fumace 19.6 14.7 13.6 1 3.3 13.0 12.7 12.1 1 1 .9 1 1 .3 1 1 .2 18.0 16.1 1 3.8 12.6 12.0 1 1 .1 10.4 
Supply Air Leaving Fu mace 20.6 1 8.6 17.1 16.3 1 5.9 1 5.7 15.1 14.9 14.3 1 4.3 21 .1 20.2 1 9.2 17.6 16.5 15.5 14.2 
Air To Main Floor Room Cloae 1o Fumece 21 .1 20.1 19.5 19.3 1 9.1 1 8.9 18.6 1 8.4 1 8.1 18.5 21 .5 21 .1 20.6 19.9 19.5 18.7 18.1 
Air To Main Floor Room Far From Fumece 21 .2 21 .0 20.7 20.5 20.3 20.2 20.0 19.8 19.4 1 9.2 22.0 21.7 21.4 21 .0 20.8 20.3 19.9 
Air To Lower Floor Room 1 8.9 1 8.9 1 8.6 18.5 1 8.4 1 8.3 1 8.0 17.9 17.4 1 7.5 20.2 20.1 19.8 19.4 1 .0 18.8 1 8.1 

Time of Measurement 2021 2036 2051 2106 2121 2151 2221 2251 2351 20 647 652 657 707 717 727 747 

Elapsed Time (h1'9) 0.25 0.50 0.75 1 .00 1 .50 2.00 2.50 3.50 4.00 0.08 0.17 0.33 0.50 0.66 1 .00 
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Cost of High-Wall Supply Outlet Installation 

A heating contractor in both Toronto (Dearie Contracting) and Edmonton (Accent Heating) 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. Accent heating 
estimated the additional cost to be $50 to $52 per run and Dearie estimated S40 to $65. In addition, 
Dearie Contracting advised that the duct system design procedure could be more complex and 
therefore costly, and the increased logistics necessary, in the form of trade coordination and an extra 
site visit, would also add cost. They also said that if the grille selected was not sealed air tight to the 
duct, air leaking around the perimeter could leave dirt stains on the wall, as commonly found. in 
commercial applications. See Appendix B for more information. 

Since high inside wall supply outlets could introduce air as cool as 13°C into a space without causing 
comfort problems, oompared to 18°C for normal floor di.ffusers, less tempering of the. fresh air would 
be 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 typical 1 87 ft2 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 = $1 10 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 l3°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). (See the "Operating 
Cost of a Duct Heater Used to Temper Ventilation Air" table in Appendix B.) 

Bcst·Place to Conn�t Fresh Air Duct to Return Air Duct 

The issue of where to connect the fresh air duct to the return air system has been a concern that can 
be resolved through the process of elimination. 

Though there would seem to be some advantage in having this connection as far upstream from the 

furnace as possible to allow duct heat gain to temper the air before it reaches the furnace heat 
exchanger, this option is impractical for two reasons. It would be very difficult to calculate the 
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tempering that may occur and the resulting miied air temperature at the furnace and portion of the 
return air duct that could be exposed to temperatures lower than 13  °C, the dew point, would have 
to be insulated and sealed with a vapour barrier. Therefore, the connection location must be 
downstream of all other return air branch connections. 

This leaves the question of "how close to the furnace can this connection be made". Again the answer 
is simple. The further from the furnace, the more mixing of cold and warm air that will occur, 
reducing the likelihood of pockets of very cool air passing over a part of the heat exchanger . 

. Therefore, the ideal location is immediately downstream of the last branch connection to the return . . 
air trunk duct. Ideally this distance should be within one foot downstream to take advantage of the 
substantial turbulence caused by the upstream connection. This turbulence will enhance the mixing 
of cold fresh air with the recirculating indoor air. 

Other Work Conducted 

Review of Hudac Mark ID and IV Test House Monitoring 
Scanada consulting was to review the results of monitoring conducted in the early 19SO's at the 
HUDAC Mark III and IV test houses in Ottawa, for any information on their ventilating systems that 
might be useful. 

Scanada could fmd little new data in the HUDAC Mark house studies. They did confirm that use 
of an insect screen �stead of a rodent screen on the supply inlet could quickly result in a plugged inlet. 

Review of lliUyersity of Illinois Air Flow Tests 

If they could be located, test reports that emanated from the University of Illinois duct and air flow 
testing done in the 1950's were to be reviewed by Scanada for relevant information. 

Scallada was unable to find the University of Illinois information. The project manager attempted to 
get this information from his original source, James Healy, of the North American Heating and Air 
Conditioning Wholesalers Association . (NHA W), in Columbus Ohio. Though we were seeking 
information on return air duct connections, all that could be found was information on the supply 
side. Mr. Healy advised that the Sheet Metal Association of America (SMACNA) had produced a 
video of air flow in ducts. This video was ordered and reviewed. It was excellent, but again, 
unfortunately, only addressed supply side air flow and branch duct fittings. SMACNA was contacted 
by phone to determin� if any subsequent research and recording of return air systems was in process 
or being considered. They advised that there was no research being conducted or anticipated at this 
time. They did indicate that they could duplicate the kind of testing done on supply systems, on 
return air systems, for a cost of approximately sso;ooo. 
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CONCLUSIONS 

Hard ventilation-duct connections to the return air trunk duct of a forced air furnace distribution 

system do not appear to cause premature rusting of the furnace heat exchanger. It must be kept in 

mind however, that most of the systems examined only operated when the furnace was operating and 
those that did operate continuously were located in British Columbia, where the climate is milder. 

The air flow in the ventilation ducts examined was approximately what would be anticipated in a 

designed system where the available static pressure in the return air system would be approximately 

15 pa at the normal connection location. There were some exceptions (system design likely by rule-of

thumb) and some systems had dampers purposely closed or partially closed to restrict flow. 

None of the ventilation air ducts located in the Ontario sample were insulated for their full length and 

those with partial insulation had no vapour barrier over the insulation. The lack of continuous 

insulation and vapour barrier in these homes is an indication that the installing contractors had little 

or no understanding of basic principles and ventilation systems. This is reinforced by the fact that the 

ventilation rate in the small Ontario townhouses examined often exceeded two ach. The ducts in the 
British Columbia homes were not insulated but were not experiencing any condensation problems -

likely because of the mild climate. All of the Alberta homes inspected, except one, had insulated 
ventilation ducts. The one that had no insulation experienced condensation on the ventilation duct 

in cold weather. 

Most of the homeowners interviewed knew that they had a fresh air ventilation system. Those in 

Ontario knew because they either consciously had the system added to eliminate a moisture problem, 
or in the case of the townhouses with the high ventilation rate, were experiencing very high utility bills. 

Most of those in Alberta and British Columbia may have known because they were heating business. 

Few of the systems examined had a manual control (other than the fan switch on the furnace) so it 

is difficult to determine owner understanding of the ventilation system operation. Nearly all of those 
surveyed complained that the house was too dry in winter and several had added humidifiers as a 

result. This may be an indication that the ventilation rates may be too high, based upon the natural 
infiltration level of the houses examined, or in the case of the Alberta homes, that the outdoor air is 

extremely dry. 

The Edmonton test house indicated that when a supply only ventilation system is combined with a 
combustion air supply and or an open chimney, the chimney and or combustion air supply .will act 

as a pressure relief, and exhaust air. It would appear that when.a supply-only system is installed, that 

it may not be necessary to provide an additional combustion air supply because the supply becomes 

an exhaust as a result of house pressurization. When the furnace blower comes on, the house 

pressurizes and any spillage occurring should stop. The tests also showed that when the furnace 
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blower is off, that the fresh air duct acts as a make-up air supply when the house is under negative 
pressure. The ventilation duct and combustion air duct, both coincidently· similar in' siu and 
equivalent length, provided an almost equal amount of make-up air. When the ventilation air inlet 
provides make-up air during the furnace blower off cycles, the air moves into the return air system 
and flows slowly towards the furnace. It then settles in the furnace, which acts as large "P" trap, until 
after a considerable length of time (longer than normal furnace off-cycles), when cool air will enter 
the beginning of the supply trunk duct. This cool air sitting in the furnace should be of concern on 
furnaces with standing pilots, as condensation of the pilot gases could occur on the heat exchanger and 
cause premature corrosion. B.C. Gas provided a short video of such an occurrence. All gas furnaces 
now being inStalled have an electronic ignition systems so the potential problem may be solved. It is 
unlikely that in most houses, except where a large temperature set-back is made, that the furnace 
would remain off for a sufficiently long period of time for enough cold air to enter the furnace and 
cause a problem, especially if there is no standing pilot. The test house was an R2000 house with a 
low heat loss and could therefore sustain long off-periods after a thermostat set-back, without furnace 
activation. 

Since the use of high inside wall supply outlets has the potential to reduce the need to temper 
ventilation air being supplied on a continuous basis, the extra cost of such installations was examined. 
Both the Edmonton and Toronto contractors calculations indicate a premium of approximately $50 
per supply run. In a typical Ontario house of approximately 195 m2 (2100 ft2), approximately 10 such 
outlets may be required for an additional total cost of $500 per house. One Ontario contractor 
interviewed on such an approach was somewhat negative because of the increased comple:lcity of design 
and logistics required, in addition to the increased costs. Another saw the increased cost as an increase 
in the installation charge to a builder and therefore an increase in profit. He favoured the approach. 

A review of the HUDAC test house studies did not provide any useful information, except that they 
also found that insect screening on air inlets soon clog with grass and other debris. Unfortunately, 
the University of Illinois studies on return air systems and branch duct connections could not be 
located. This information originally came into Canada from a participant in the original research, 
now working for NHAW in the U.S. This person was contacted, however, he also could not find his 
records of this research on return air systems. Somehow this valuable information needs to be 
regenerated. He did provide data on supply systems and take-offs and recommended a review of a 
SMACNA video on air flow in ducts. This video was reviewed and was found to document the first 
major supply duct air flow research conducted since the 1950's University of Illinois studies, again 
however, it only addressed supply air. 
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RECOMMENDATIONS 

None of the systems examined were both designed in accordance with the new NBC 1990 requirements 
and the HRAI design procedures. A number of houses through-out Ontario (the first province to 
implement the new requirements) should be examined to determine the actual flow rates in ventilation 
systems being installed in accordance to the new Code requirements. Since most of the homeowners 
reported that their house was tOo dry in winter, it is likely that either the ventilation rates are too high 
or the natural infiltration rates are higher than expected. A number of new homes built in accordance 
with the 1990 Code should be airtightness tested and after the coming winter, the occupants should 
be surveyed, and or the humidity recorded in a number of these houses, to determine if current 
ventilation rates are higher than required. 

Despite the extensive training sessions provided to contractors, by HRAI, a visit to many houses being 
built in accordance with the new Ontario Building Code in'dicates that some designers and installers 
have little or no understanding of basic physics, air movement or ventilation. Better and more 
pr�cal training courses delivered by knowledgeable trainers may help. 

Consideration should be given, by those responsible for the Gas Code, of the need for a combustion 
air supply when a supply-only ventilation system, providing at least 1/3 ach, is present, because rather 
than supplying air it would be exhausting air whenever the furnace blower is operating. Installers 
should be cautioned to not use insect screening on ventilation or combustion air inlets as they soon 
clog and reduce air flow, as was verified at one of the Alberta homes inspected. Only rodent mesh 
should be used. Caution should be taken when installing one or more inlets through the envelope 
because under certain circumstances, a given inlet may become an outlet, and short circuiting of air 
could take place if the inlets are located too close together. 

The duct system configurations and designs used since the early 1950's have reached the point where 
they should be reviewed with consideration being given to making them more efficient, that is, less 
blower energy should. be required to move air. A review of the SMACNA video shows that some 
branch take-offs are much more efficient than others. Round elbows are much more efficient than 

right angle elbows. There is no prescriptive requirement for efficient duct fittings. 

Canada should investigate opportunities with SMACNA to conduct research on return air fittings, 
turning vanes and configurations. Return air systems are the weak link in most forced au systems, 
being affected to a much greater effect by turbulence caused by branch connections. On the other 
hand, such turbulence may be a useful tool in some situations to ensure adequate mixing of cold 
outdoor air with indoor air in a return air duct. SMACNA was contacted and after considerable 
discussion they indicated that they would reactivate their test apparatus to study return air flows in 
cooperation with a Canadian project, at a cost of approximately $50,000. This is very good value 
considering the complexity of the set-up. Such research results, when combined with work already 
done on the supply-side, could provide the information required to produce a new .duct system design 
procedure that would result in a system that would require much less -energy to move the air. 
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Investigation should be made of the duct design and installation procedure used south of the 
Mason/Dixon Line in the U.S., where high, inside-wall, supply outlets are the norm. There must be 
better products and cheaper ways of providing air this way. Especially important is to find a source 
oflow cost high-wall diffusers. We would suggest a Canadian consultant working with Johil Tooley, 
an air movement researcher and trainer operating out of Florida - he is excellent. 

Since supply-only ventilation systems off er considerable advantages, such as preventing combustion 
spillage and reducing infiltration of soil gasses, they should be given higher consideration when 
designing ventilation systems. Such systems also help compensate for the many exhaust devices found 
in most homes today. The major concern over such systems appears to be moisture problems from 
exfiltration of air, however, it may be possible to compensate for some of the pressurization through 
the use of one or more passive ABS plastic pipes leading from bathrooms in the upper level of a 
house, to the plumbing stack. This was a common ventilation method for bathrooms many years ago. 
It would also reduce the need for electricity cons'uming exhaust fans in such rooms and would ensure 
quick removal of moisture at the source, automatically, without the need for occupant activation of 

a fan. Such a pressure relief device should be investigated prior to the adoption of CSA Standard 

F326. 

. .. 
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Photo S - Example of a Fresh-Air Inlet Vent - Guelph 
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Photo 6 - Puncturing Air Duct to Make Air-Flow Measurement 

Photo 8 - An Example of the Competition for Wall Space that is Occurring 
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BEAT EXCHANGER INSPECTION RECORD FORM 

Bouse 

House Address __________________________ � 

Size (including basement) 
· 

sq. ft. 

Furnace 

No. of Storeys __ 

Make _____ _ Model ____ _ Output ___ _ 

H.ouse Age __ 

Btuh Age __,...._ 

CFM __ High Efficiency __ Medium Efficiency __ Standard Efficiency __ 

Blower operation: Continuously __ _ Humidistat Control __ _ Manual Control __ 

Ventilation System 

Type ____ ��- Vent Duct Size __ 11 Air Velocity FPM CFM _ 

Retum Air/ Furnace Total FPM __ I Trunk duct size __ or T.R. Calculated CFM* __ 

Retum Air Mixed Temp. (downstream of fresh-air duct) °C Return Air Static Pressure _. _ 

Beat Exchanger Condition 

No Rust __ Slightly Rusted __ Moderately Rusted __ Very Rusted __ 

How does the amount of rust compare to a similar furnace of the same age that is used to only 
circulate air for heating, not heating and ventilating air? 

Less Rusty _ About the same _ Slightly More Rusty __ Much more Rusty _ 

Air Conditioning 

Does this house have central air conditioning? ________________ _ 

What method and instrument(s) were used to measure air flow? -----------

• Calclilating Total Air Flow Through Furnace 

If measuring the air flow is impractical, it can be calculated by dividing the Btuh output by 1 . 1  ti.mes 
the temperature rise in °F. 

Date _______ _ Outdoor Temperature °C 

33 



VENTILATION SYSTEM HOMEOWNERJOCCUPANT SURVEY 

Name �-------- Address · · · 

Phone # _________ _ 

1. Arc you aware that your house has a fresh air ventilation system? ---------

2. Do you control this s�tem manual or is it automatically controlled through continuous operation 
or a dehumidista�------------------------� 

3. If' you answered manual, do you use the system often? __ _ If yes, when? ____ _ 

4. If' the system is controlled by a humidistat, how often would it come on in a week? __ _ 

S. When operating, does the ventilation system cause any discomfort from cold drafts? Yes No 

6. If the system causes discomfort, in which room(s) --------------

and under what circumstances (eg. sitting watching TV) -------------
.._/ 

7. In \Vmter, is your house: Too dry (static & shocks)__ Just humid enough for comfort _ 

Very Humid (mould growth or condensation on window frames or inside window pane) __ 

8. ls there condensation on the ventilation air duct or any heating system duct, in the winter? 

9. Do you have Central air conditioning? _________ ____, _______ _ 

10. Do you have a wood burning fireplace?_ Do you us� it often?_ Is it hard to establish a 

draft at start-up ?_ Is it easier or harder to start when the ventilation system is operating? _ 

11 .  Please add any comments that you would like to make about your ventilation system. 

Date: ---------

.. 

Thank you very much for completing and returning this S'.·�•'ey. 
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I OPERATING COST OF A DUCT HEATER USED TO TEMPER VENTILATION AIR TO 85 DEG. F. IN TORONTO FOR A 2000 SQUARE FOOT HOUSE 

DUCT HEATER OPERATED WITH CONTINUOUSLY OPERATING FURNACE BLOWER 

MONTH !l E M � M !l § Q !l I L  
A.VG OUTOOOR TEMP. C. -5 -4 1 8 1 4  1 9  1 7  1 1  5 -2 
fl.VG OUTDOOR TEMP. F. 23 25 34 46.5 OT 66 62.5 52 41 28.5 

MIXED AIR TEMP. F. 58.25 58.75 61 .00 64. 13  66.75 69.00 68.1 3  85.50 62.75 59.63 

kW TO RAISE TO 65 DEG. F 1 .31 1 .21 o.n 0.1 7 0.44 1 .04 
kWf24 HOURS 31.33 29.01 1 8.56 4.06 10.44 24.95 
kW FOR 'THE MONTH 939.82 870.20 556.93 1 21 .83 31 3.27 748.37 

% OF TIME UNHEATED MAT(3) ABOVE 55 DEG. F. 80% 82% 97% 1 00%  1 00%  1 00%  1 00%  1 00%  100% 92% 
ELCOSTf24 HRS @ $.0613/kW $1 .92 $1.78 $1 .14 $0.25 $0.64 $1.53 

I 

YEARLY 

3550.42 

0691 FS�.Mbfil1'H•>···) ······· > •••<•/•. · ·· : ·: ;::· :: · : ) t •> �·E>V• (' '�$53;M:m t .<••••$34,'14 C ·•···•>•. :$1.47 < •<< ·· < : ::. :  .. :: : · • << : ; • ; <8 u r ::· ·•>:>: ::.;;:= ::')') ) · :  (: , ::11��t:n •• 'Jj$§j�Jt•:•r �it;M: 
lcosT IF HEATING TO A MAT(3) OF 55 DEG. F $1 1 .52 $9.60 $1 .02 $0.00 $0.00 $0:00 $0.00 $0.00 $0.00 $3:67 f,, ,$25;821 
GAS COST/24 HRS * $0.85 $0.79 $0.51 $0.28 $0.68 
cosT/MoNiH r='oRNAtiJW\L GA:sY ... • : : : : $25;$f> •·· •• >$23,76 •,• 

. . . . : : :  $1 5,ti 
$0.1 1  
$3;32•.:::;:>= ·· ,· · · · · · · · · · · ·. · · . · ··:· : : : :,:;:;: :,: : :  ·.·.· : : : : :• : :  : : · .=,: · . · ��$.$\ • >  •:!O:� ? \  • : ' $$ij)68 

Abort: COST :r:oR ooct ftffi . .. : :·:. '.\ sa2:� \ s�.es> · • ·  s1sjfr. > .. " $4.1s  . . . .  ·sKM ·)· .. �,;;::· , . fOJS<>: · :: . .. :::.· · ···'iOJx r ··,:·:,v· ·so;C)(>·· �, r-"'-:t,�;�r·::\:!:t:�:Sli '::::t:l1�:�� 
DUCT HEATER OPERATED ONLY DURING FURNACE OPERATION (1) 

% FURNACE ON TIME (2) 42.74% 40.99% 33.14% 22.24% 1 3.08% B.29% 1 7.44% 27.04% 37.94% 
Kw REC'D DURING ON-TIME 401 .68 356.70 1 84.57 27.09 0.00 0.00 0.00 0.00 84.71 283.93 1 338.66 
EL COST PER MONTH $24.62 $21 .87 $1 1 .31 $1 .66 $0.00 $0.00 $0.00 $0.00 $5.1 9  $1 7.41 $82.06 
N. GAS COST PER MONTH $7.1 1 $6.31 $3.27 $0.48 $0.00 $0.00 $0.00 $0.00 $1 .50 $5.03 $23.69 
ADDITIONAL COS"[ FOR QUPTHTR · ' • ( . $17,51/ ', . . · $15.55 ( •. $8.os · $1 .18 $o.oO $0.oo ••···· :•: :•· · /  $0.00 > . :: , $0.00 / \ ? 'Q,69·: < :  ·s12,39 / . :•. $58.37 ' 

* BASED ON $.1 85425 PER M3 OR $.01 n/KWH AND A 65% SEASONAL EFFICIENCY ($.027231 PER KwH) 
(1) BASED UPON A 40,000 BTUH HEAT LOSS AT 0 DEG DESIGN TEMP. AND A 63,750 BTUH OUTPUT GAS FURNACE 
(2) BASED UPON SEPARATE FURNACE ON-TIME CALCULATION SPREADSHEET. 
(3) MAT = MIXED AIR TEMPE.RATURE IN RETURN SYSTEM OOWNSTREAM OF OUTOOOR AIR SUPPLY CONNECTION 

t..l 
0\ 



-��ccent 
H E AT I N G  LT D.  

Apr i l  1 7 , 1 9 9 1  
Howe l l  Mayhew Eng i neer i ng 
1 5 0 0 4  - 1 0 3  Avenue 

· 

Edmonton , ALberta 
TSP ONB 

ATTENTION : WILL MA'LHEW 

Dear S i r : 

RE : H igh s i dewa l l  out l e t s 

The f ol l owi ng repre sents t h e  i n cr e a s e  i n  pr i ce for h i g h  s i d ewal l 
out l e t s  using f l at doubl e  d e f l e c t i on gr i l l s and r o u n d  wh i s pe r 
g r i l l s  a s  opposed to f l oor r eg i s t e r s : 

4 "  doug l e  de f l ect i on 
1 0  x 6 gr i l l  
2 x 4 wa l l  requ i red 
Labor : . $ 1 4 . 0 0 
Ma teria l :  $ 3 1 . 0 0 
TOTAL : $ 4 5 . 0 0 
5 "  doub le def l ec t i on 
2 x 4 wal l  requ i re d  
10 x 6 gri l l  
Labor : 
Mate r i a l : · 
TOTAL : 

$ 1 5 . 0 0 
$ 3 5 . 0 0 
$ 5 0 . 0 0 

6 "  double def l e c t i on 
10 '  x 6 gri l l  
2 x 4 wa l l  requ i red 
Labor : $ 1 5 . 0 0 
Mater i a l : $ 3 5 . 0 0 
IDOTAL : $ 5 0 . 0 0 
1 0  x 6 doub l e  de f l ec tion g ri l l s : 

Adva ntages : 

1 .  Can be put i n  2 x 4 wa l l  
2 .  ad j u s t abl e blades for 

' d i f f u s i on adjustment 

HEATIN�Af RCONOITIONl.N..G 

" 

4!J1U - 72 An·nu<',  l clnllH\ lt!ll 
AH.1<01 1,1 Hill 2K] 

(4Cnl 4(15-91 1 1  

37 

4 11 wh i s per g r i l l  

2 x 6 wa l l  requ i r ed 
Labor : $ 8 .  0 0 
Ma t e r i a l : $ 2 9 . 0 0 
TOTAL : $ 3 7 . 0 0 

5 "  wh i s per g r i l l  
2 x B wa l l  r e q u i r e d  

Labor : $ 1 0 . 0 0 
M a t e r ia l : $ 3 7 . 0 0 
TOTAL : $ 4 7 . 0 0 

6 "  wh i spe r g r i l l  

2 x 8 wa l l r eq u i re d  
Labor : $ 1 1 . 0 C 
Mater i a l : $ 4 1 .  0 0  
TOTAL : $ 5 2 . 0 0 

D i s a dvantage s : 

1 .  mor e  d i f f i cu l t  i n s t a l l a t i on 

cont i n u ed . . . . . 

" 



Page 2 
Howe l l  Mayhe·w Engi n e e r i n g  

Round wh i sper gri l l s : 

Advantages : 

1 .  Easy instal l ation 
2 .  Attractive gri l l  

Yours truly , 

Otto Beut l e r  

OB/pb 
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D i s advantage s :  

1 .  Requ i r e s  2 x 6 or 2 x 8 
wa l l s  



R E G IS TE R S  & G R IL L E S  

HART & COOLEY 
. -· · ·- ---···· . . . . 

I I 

PRODUCT #I 
T64 -64 

164 -66 

T64 -84 

164 -86 

T64-B8 
164 - 104 

164- 106 

T64 - 108 

164 - 1010 
T64 - 1 24 

T64 - 1 26 

T64 - 12 8  

164 - 1 2 1 0 
164 - 1 2 1 2  

164 - 14 4  

T64 - 1 4 6  

T64 - 148 

164 - 14 1 0  
T64 - 14 12 
T64 - 1 4 1 4  
164 - 1 64 

T64- 166 

164 - 168 

164 - 1 6 1 0  

164 - 1 6 1 2  

T64 - 16 14 

164 - 1 6 1 6  

164- 184 
T64 - 186 
T64- 188 
164 - 18 1 0  
164 - 18 1 2  

164 - 1814 
T64 - 1 8 1 8  
164 - 206 

164 - 208 

164 -2010 

T64 - 2 0 1 2  

T64 - 20 1 4  

164 - 2016 
T64 -20Hl 

I � • • 

S I Z E  

6x4 
6x6 

8x4 

8x6 

8x8 
10x4 

10x6 

lOxB 

lOx l O  
1 2x4 

1 2x6 

1 2x8 

12xl0 

1 2 x 1 2  

14x4 

14x6 

14x8 

14x l0 
1 4 x 1 2  
1 4xl4  
1 6x4  
16x6 

16xB 

1 6x l 0  

1 6x 1 2  · 

16x 1 4 

1 6 x l 6  

1 8x4 
1 8x6 
1 Bx8 

l 8x 1 0  
18x 1 2  
18xl4 

18x 1 8  
· 20x6 

20x8 

20x 10 

2 0x 1 2  

20x 1 4  

20x l6 
20x 1 8  

T64, T647 
· · Double 

Deflec!lon 

164 -2020 20x 20 
164-244 2 4 x4 
164 -24 6 24 x6 
T64 -248 24x8 
164 -24 1 0  24x 1 0  

164 - 24 1 2  24x l 2  
164 - 2 4 1 4  24x l 4  

164 -2 4 16 24x l 6 
164 - 2 4 1 8  24 x 1 8  
164 -2420 24x20 
T64 -2424 . 24 x24 
T64 - 304 30x4 

164 -306 3 0x6 

164 - 308 30x8 

f64 - 3010 30x l 0  
164 -30 1 2  30x l 2  
164 - 30 1 4  3Dx 14  
164-3016 3Dx 1 6  

164 - 3 0 1 8  30x l8  

164 -3020 30x20 

164 -3024 30x 2 4  

164 -3030 30x30 

T O  O R D E R  

Series T64 and T54 double·dellection suppty 'grilles and 
registers are recommended for applicallon In systems 
requiring optimum flexibility or panern change to 

· accommodate changing jot1 cond itions . They perform 
etticienlly with temperature differentials of 1 1 · 12°C 
(20·22°F) cooling. 11·28°C (20·50°F) heating and for 
ventilating while handling .47 to .94 / s (1 .0 to 2.0 elm) per 
square meitre (fool) with draftless distribution. 

2 3 "' m  
f29/3 2 " 1  

4mm l5/31"1� 
"f"·: · l2n1n1 • ·1··J 

" , ,, .. , i_ J :.1.· ;� L r-i 1,9m" ' i 
• DUCT 51Zf " 

L IS l E  D 
S I Z C  

l l S H O  SIZE • 
'1mm t2··1 

� J  - · -r 
I.. '40mm 

J I  9/16"1  
T 6 4  Gr i l l e  

- ·1� � 

70mm

J 
'D o u b l e  D e f l e c t i o n  g r i l l e s  

w i t h  d a m p e r  u s e  p r e f  e·x 
T 6 4 7 .  

r-��;��b��:·�.', . L- . _ . - · 1 
n n OUCT S\21 • I L ISH 0 

$1Z E Ll$Tf 0 $ 1 l E  + 
�Imm l2"i 

E x a �n p l e :  

3 0 x  1 0  D o u b l e  D e f l e c t i o n  
g r i l l e  w i t h  d a m p e r  

T 6 4 7 - 3 0 1 0  

39 
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T 6 4 7  R e g i s t e r  

.., "' 



EXTRA COST OF INSTALLING IDGH-WALL SUPPLY OUTLETS 

Extra material cost 

Grille 

Direct labour -stack 

-other 

TOTAL 

IN THE TORONTO AREA 

AS SUPPLIBD BY 

DEARIE CONTRACTING 

.. 

$25-35 

$5-10 

$15 
.$5 

$$40-$65 

In addition, there would be an increase in cost for the duct system designer because of the added 

complexity and an additional cost arising from the increased logistics and need for trade 
coordination. 

July 25, 1991 
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VENTILATION SYSTEM USING A HARD DUCT CONNECTION BElWEEN lHE FURNACE RElURN AIR SYSTEM AND lHE OUlDOORS 

Tmble 3a: ONE-TIME MEASURMENTS OF AIRFLOWS, TEMPERATURE AND PRESSURE 

Teat MeaM1nnnenta Wllll ExtlauBt Fan Oft 

Parameter 

Exhaust Fan 
Furnace Fan 
Venlllatlon Air Duct 
Combustion Air Duct 
Window (Slmulates chimney) 

Combustion Air Hood Temp. 
Ventllatlon Air Hood Temp. 
Rim Joist Pressure 
Ventllatlon Air Flow 
Combustion Air Flow 

Time of Measurement 

l./11 
l./11 

•c 
°C 
Pa 
l./B 
l./B 

No Chimney 

�11<1I.-.j;1�,� .. J]'.\'.l:� (4) 
? OFf: $)Ff .: }?.fF: OFF 
:( Off .�0 .\/499•• OFF 
: : OPEN :•OPEN :: OPEN OPEN )OPEN .: oPEN ,OPEN OPEN .
. SHUT . SttuT SHUT OPEN 

;;"�!f ':��� �� : · (�;!J ' �5.1 •\ h8.6 6.2 

Chimney 
(5) 

Condition 
No Chimney 

(6) :�,j·L� ?; ��: . . ii:!�>;: (1oi 
OFF 
346 

OPEN 
OPEN 
OPEN 

12.0 
2.4 
0.3 33.9 

-2.4 

OFF {:.OFF ( 9.ffU.'. Pff c OFF 

o::� ·��;ji s�·: ���· s�� 
OPEN ' OPEN OPEN . OPEN: OPEN 
OPEN :: SHUT SHI.it SHUT OPEN 

'U ;'.:! *f l�J. 48.7 · . •  <fo ··· ):o.o .·=:::: · o;i)' 
-4.9 ' 4,0' 4,it:: . . : f8 . 

0.7 
n/a 

- 1 .0 0.0 
6.9 

OFF 342 
SHUT 
OPEN 
OPEN 

0.5 
n/a 

-1 .0 
0.0 
7.2 

(18) 
Chimney N c Ch 

c11l c18l W"{1?F%<�;; w.�:., :'.:-;.;.::'l':-;-· ·�y $ - _ ;-: 
OFF . 346 

OPEN 
SHUT 
OPEN 

n/a 0.5 
0.0 33.9 0.0 

OFF &t.··a&i;ifr44t:F-·.; 499 SP'FF l faFF i 
OPEN t��fi·l!t ; �Vt� 
SHUT r>SHUT ;,>SHlm: 
OPEN [S.Hll'.J'?;.�Et( r:li� 49.3 •-*'¥'.i.C?.6;: 

o.o 8.¥9.&f{J P .. oJ 
705 715 720 725 730 735 805 809 812 815 820 822 827 830 833 838 839 842 612 625 

Teat Maasuntments With Exhaust Fan @ 25 LJS 

Parameter 

Exhaust Fan 
Furnace Fan 
Ventllatlon Air Duct 
Combustion Air Duct 
Window (Slmulates chimney) 

Combustion Air Hood Temp. 
Ventllatlon Air Hood Temp. 
Rim Joist Pressure 
Ventllatlon Air Flow 
Combustion Air Flow 

Tlnm of Measurement 

� 

Us 
Us 

·c 
•c 
Pa 
Us 
Us 

No Chimney 
(1) (2) (3) 

c"W •25•: ·:•'"' 25''�;':""'25 oFt 349 . � 495 
OPEN, OPEN �e_EN 

' OPE� ,C?f'EN OPEN 
: · SHUT SHUT SJ-IUT :-- -

f) ,, � J .4 . 10.6 
1 .7 : 1 .0 1 .9 

-5.o o.ci o.5 
10.4 '35.8 . 5o: 1 
1 1 .0 6.4 -3.5 

Chimney 
(4) (5) (6) 
25 

OFF 
OPEN 
OPEN 
OPEN 

1 .6 
1 .7 
0.0 8.3 

- 1 .3 

25 346 
OPEN 
OPEN 
OPEN 

1 .5 
1 .2 

-0.8 35.4 
8.4 

25 499 
OPEN 
OPEN 
OPEN 

1 .7 
1 .4 0.0 

50.3 
5.2 

Condition 
No Chimney Chimney No Chimney Chimney N C Ch 

(7) (8) (9) (10) (1 1) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
25 

OFF 
SHUT 
OPEN 
SHUT 

1 .6 
nla 

-3.8 ' 
0.0 

1 1 .4 

··25 ,.,._. ,, 25·: 
sJ�· s��-
OPEN O,PEN, 
-SHUT SHUT 

1 .9 1 .8 : 
n/a n/a 

-3.3 -3.5 
o.o · o,o 

1 1 .1 10.8 

25 
OFF 

SHUT 
OPEN 
OPEN 

2.2 
n/a 

-2.3 
0.0 
9.5 

25 342 
SHUT 
OPEN 
OPEN 

2.2 
n/a 

-2.0 
0.0 
9.2 

25 <·· :;:�'\}*""2$'.:W.··:�·: 25 489 �<- ;OFF· "•'349.<::V--- 504< OFF 
sHUT �' ofl'E N. oPeftoPEN .. oPEN 

. .... � .,., ,..>;. .• • -.-. :...; OPEN �1-11/.1' ·'· SHUT0:·�Hl1T; SHUT 
OPEN ·SHUT� SHUT•'' SHC/T': OPEN 

� � -,� . f�(. --'.·'.:/$} ��; ;�� 2. 7 i 11/a _ rt/a " o/8: n/a 
n/a . :J:.2 :;;='3.2 . i��� 3.9 

-2.0 · · -a.3 . �o.s ' o.s1 -2.0 
o.o · �j.5_. 3s.7 · 49.f 8.4 
9.4 . · ..\>.Q ,Q.o . o.o;. o.o 

25 360 
OPEN 
SHUT 
OPEN 

n/a 
3.1 - 1 .5 

36.0 
0.0 

25 ,, 0.l 'i'S'.\;·.,�·· 504 .,,9FF . OFF 
OPEN 'SHUT . SHUT . 
SHUT ,·sHoi .,.SHUT•: 
OPEN : SHl,ff/10PEN 

;.:_; -,·, 
n/a ' , n/a nta , 
3.2 r -o.6' -o.6 -0.8 ''-5:tl · i..2.0 49.7 � 0.0 , · O'.O 
0.0 ; , .. 0.0 0.0 

905 909 915 921 924 927 930 933 936 939 942 944 949 952 955 959 1002 1005 614 627 
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VENTILATION SYSTEM USING A HARD DUCT CONNECTION BETWEEN THE FURNACE RETURN AIR SYSTEM AND THE OUTDOORS 

Table 31>: ONE-TIME llEASURllENTS OF AllFLOWS. TEllPERAlURE AND PRESSURE 

Test M•auramanm W1th Emami Fan@ 35 lJ9 

Patameter 

Exhaust Fan 
Furnace Fan 
Ventilation Air Duct 
Combustion Air Duct 
Window (Slmulates chimney) 

Combustion Air Hood Temp. 
Ventllatlon Air Hood Temp. 
Rim Joist Pressure 
Ventilation Air Flow 
Combustion Air Flow 

• Time of Measurement 

Test M•surementll With Exhaust Fan @ 45 US 
Parameter 

Exhaust Fan 
Furnace Fan 
Venlllatlon Air Duct 
Combustion Air Duct 
Window (Simulates chimney) 

Combustion Air Hood Temp. Ventilation Air Hood Temp. 
Rim Joist Pressure 
Ventilation Air Flow 
Combustion Air Flow 

Time of Measurement 

,i:.. w 

1../11 

1../11 

"C 
"C 
Pa 
Us 
Us 

Us 
Us 

°C 
·c 
Pa 
Us 
Us 

No Chimney 
(1) (2) (3) 

Condtuon 
Chimney No Chimney Chimney No Chimney Chimney N C Ch 

(4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) 
35 

370 
OPEN 
OPEN 
OPEN 

4.2 
4.6 

-1.0 
36.3 

8.5 

�W·'''3l5 , ,._.,, .. ·35· ·"-'W(''.35" 
so� rA6�r ·�%��':1�1-1 o:: 

OPEN '::sHlir sHiri. := iSA.ur: : SHUT 
oPEN � oPEtll . oPEt.I oti1�t/ oPEN 
OPEN � � ,, SfMr ''Sl=ff:tf� OPEN 

�·:� ;:%; ' :� \(t:.::}' . . ... � : 4.2 (' 'b' 3:9 .,:::; 4:8 - . .4':1 4.1 

ri:� Y,4ft Ai� :';;�-�t; -��: 
51.1 ·�o:o . . o,o " . 0:01 o.o 

6.0 ;., ::�2.� : ;;12;0 - . J3�� 11 .8 

35 
343 

SHUT 
OPEN 
OPEN 

4.4 
n/a 

-2.0 
0.0 
9.1 

35 
348 

OPEN 
SHUT 
OPEN 

nJa 
5.4 

-1.0 
36.0 

0.0 

�-.,,,,_,., .. < .. »<:·_1, .,\;;,,,. ..... : 35 � :.:::�'�< ·:, . _ ...., ' 512 ;;.�0FF_:. '.': ()FF.; ����:�(�$J OPEN l(,SHut.� OPEN: n�t!� 50 6 <f>· ·'· o 0 .Ai ;�0 O;f . �� - · _,,,, . . " {: o.o tNti>.�-"··===· Q,Q., 
1014 1017 1021 1024 1027 1030 1035 1038 1040 1044 1047 1050 1055 1059 1 102 1 104 1107 1109 616 629 

No Chimney 
(1) (2) (3) 

p ·· .s· .. , 45 . . .  45 t OFF 348 498 
... OPEN OPEN OPEN . OPEN . OPEN OPEN 

SHtJt SHUT SHUT 

5;2 5.5 
,,,, S.2; .- '6.8 

·:..:3_:r -o.3 
1 1.3 �-4 
1 1 - 1  9A 

4.� 
·5_0 

-'"0.3 
.sO.i 
'6,1 

Chimney 
(4) (5) 

45 45 
OFF 346 

OPEN OPEN 
OPEN OPEN 
OPEN OPEN 

5.0 5.3 
5.4 5.6 

- 1 .0 - 1 .3 
9.1 35.1 
9.7 7.2 

(6) 

45 
509 

OPEN 
OPEN 
OPEN 

5.2 
5.1 

-0.5 . 
50.1 

6.2 

Condition 
No Chimney Chimney 

(7) (8) (9) (10) (1 1) 

-.- ----· 45 
OFF 

SHUT 
OPEN sHtrr 

5.2 
h!a 

-5;0 
0.0 

14.1_ 

-� 
SHUT 
OPEN 
SHUT 

4'8 �:Na 
·-4.5 

0.0 
15.1 

;·:=4$' 45 
493 OFF 

SHUT : SHUT 
OPEN OPEN 
SHUT OPEN 

s:e 
. n/8 

-4.5 
0.0 

12.4 

5.1 
n/a 

-2.0 
0.0 

12.9 

45 
344 

SHUT 
OPEN 
OPEN 

5.5 
n/a 

-2.0 
0.0 

1 1 .0 

No Chimney Chimney 
�� �� �� �5) �6) �7) 

45 V':· ,-45 'Wf45 .. £ Js 45 
481 OFF:'� '. . 356 -�;;:..--�-: OFF 

SHUT : "°1'� OPE_N QP�� OPEN 
OPEN : stfUT .• �S.HLJT :'�HlJT. SHUT 
OPEN !:.�HUT ._ �!iUT; ,�HUT OPEN 

5.9 -''i �/a ,., ilia. . nta.' 
n/a ; 

· 6.3 ''6.'5 6.5• 
-2.5 -'-.5.0. �' 2'2.o o.if 

o.o .. _ fi.� . se.2"\.<soJ 
9.8 W. <>.o o.b o.�'. 

n/a 
7.2 

-2.8 
9.5 
0.0 

45 
351 

OPEN 
SHUT 
OPEN 

n/a 
7.1 

-1 .3 
35.9 

0.0 

N C  Ch 
(18) (19) (20) 

45·· · · · '45' . 4�' 
501 f . OFF :;; OFF 

OPEN � SHUT SHUT 
SHUT � .SHUT z �HUT , 
OPEN \:-SHlf\ OPEN) 

� 
n/a > _ n/11 
7.1 � l:;.0.6° 

-0.8 .- . -8.0 
50.5 ""'.·· 0.0 
o.o . �<i.o 

ft/a - -o.'6 : 
-3.6 ' 

0.0 
0.0 

1 1 14 1 1 1 7  1120 1 123 1 125 1 128 1 132 1134 1137 1 141 1 144 1147 1204 1207 1209 1212 1215 1218 618 631 



VENTILATION SYSTEM USING A HARD DUCT CONNECTION BETWEEN THE FURNACE RETURN AIR SYSTEM AND THE OUTDOORS 

Table 3c: ONE-TIME llEASURllBITS OF AIRFLOWS, TBllPERAlURE AND PRESSURE 

Test 11-..wwmenta With Exhaust Flin O 55 lJ8 

Paiameler 

Exhaust Fan 
Furnace Fan 
Vantllatlon Air Duct 
Combustion Air Duct 
Window (Slmulates chimney) 

Combust1on AJr Hood Temp. 
Ventllatlon Air Hood Temp. 
Rim Joist Pressure 
Ventllatlon Air Flow 
Combustion Air Flow 

Tlme of Measurement 

Test M••uniments With Exhaust Fan @ 85 l.JS 
Parameter 

Exhaust Fan 
Furnace Fan 
Fresh/Makeup Air Duct 
Combustion Air Duct 
Window (Slmulates chimney) 

Combustion Air Hood Temp. 
Fresh/Makeup Air Hood Temp. 
Rim Joist Pressure 
Fresh/Makeup Air Flow 
Combustion Air Flow 

Tlme of Measurement 

t 

Us 
Us 

°C 
°C 
Pa 
Us 
Us 

LJs 
us 

°C 
°C 
Pa 
l.Js 
LJs 

No Chimney Chimney 
CondlUon 

No Chimney Chimney No Chimney Chimney 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (18) (17) (18) 

N C  
(19) 

Ch 
(20) 

��·�m.�·-·5!F"'''··-·-

_

· . .. , 
FF· ·\· ·'.3;nt��;;�l o� 
E,N ' O'PEN :; �EN:; OPEN 
EN OPEN OPEN : OPEN 

�� SHUT\. �lftJ:SMUt ; OPEN 
w · ·· · ·�;r '%· l !�; �-iw· : ;'t�' · �l �-� �;.;;'.t'�it:\�::: ��:� t-:, 9, 7, ,"i J�.5. ;:, 6.0 ' 10.1 

f>5 
348 

OPEN 
OPEN 
OPEN 

8.4 
8.8 

-1.0 
36.1 

9.9 

� ;;-'6Wtt%�:;;·;11�; o� 
OPEN f SftU�C SHUT Sl'-UlT: :  SHUT 
OPEN . OPEN ; oPEN OPBf OPEN 
OPEN \:i�b�; ·� :� OPEN 

1.9 = '\ ' 1:9 .7!•· �i''':: oa;3 ·· 8.5 
7 9 ' nta ; � "1a .::;< 'Ji/a : /a 

- 1:0 ' -� .i{� -�.a ; .' :J;'.;�3 ; -�.3 
50.0 · o .. cn;,.::::: o.o;: · · O:o : o.o 

5.8 . JS:f .14.9 ., 14.2 i 10.9 

55 
356 

SHUT 
OPEN 
OPEN 

8.2 
n/a 

-3.5 
o.o 

1 1.0 

ss�w���W.$''1� 55 
470 ·""' OFf�} ]Mo'¥f't:� OFF 

SHUT � ·
- ·
oP�'tOPEN�

-
· �pfU: OPEN 

OPEN i SHUt )'SHUf* 'SH(J't SHUT 
OPEN f SHtfl\;SHut:h�vtl OPEN 

-�, - _, '{':::� ·''I'··. \ · » 
8.6 >.· ·. ,. .. ;_'.t.'�.?}lfi_': > :VrtW:'; nta 
nta %. 9i7':/¥94 . � , ).5.i 9.8 

L,.,... � �.·.···· . .;... . -.W·�·: _: � . ···: _ 3.3 , i"' .. 7.i:!,c;�., ,.,�s,_,_, . � -�� 3.5 
o o :·-�.··1s "''.''''�#'"'*',·so�= -10 1  . :; � . '�:-j!;: . , 1':�:':;: , . ... . .  - .: • 

11.1 ��,., o •. Q ::;; �'�"" W·:9.9.. o.o 

� �-:;':).i!��''i·· ij� 
OPEN OPEN '::SHUT /SHUT' 
SHUT SHUT SHuT :·SHUT 
OPEN OPEN :s1-1ur.:0PEN' 

n/a 
9.5 

-1.8 
36.0 

0.0 

\�:\:: ' :�·-:-:/)\/:· :::/ 
-� ::�Ei]!·�1i 
so.8 / o.o ')�.o 

o.o ' /{ 0.0 \/: O,� : 
1245 1250 1253 1255 1258 1300 1303 1307 1309 1324 1326 1327 ·1330 1332 1335 1338 1341 1344 620 633 

No Chimney Chimney 
(5) 

Condition 
No Chimney Chimney · No Chimney 

c1> t2> P> (4) (6) (7) (8) (9) (10) (11)  (12) (13) (14) (15) (16) 
r ·. ·65 · .,., 6!f:"'''"'6S'' 
. OFF . 363 498 

'.opEN OPeN, OPEN 
OPEN i:?f'.EN ' QPEN 
SHUT SHUT SHUT 

65 65 65 65 ·.· ' ' 65 "65 65 65 
OFF 361 500 : . . OFF '_ 339 482 OFF 352 

OPEN OPEN OPEN . . SHUT · SHIJT · SHUT SHUT SHIJT 
OPEN OPEN OPEN ·· OPEN . OPEN OPEN OPEN OPEN 
OPEN OPEN OPEN SHUT SHU'f SHU"T OPEN OPEN 

9.3 9.4 9,9 10.3 1 0.7 
� - 9.5 .9.4, 

9.2 8.7 
9.2 :' nia _; 

8:6 ·· 8.s 7.8 8.4 

i ':' -6.3 -3.5 
15.9 ' 37.5 
14.9 :11!� 

10.2 10.4 
-3.0 · -1 .0 
51.2 . 10.2 

8.6 9.7 

9.3 
-1 .0 
36.5 

7.5 

n/a . n/a ; nJa n/a 
-o.8 : .:.i1.s ... -9,5. ""eli ' -3.8 �3.8 
51.9 : 0.0 . 0.0 :,,. ·-·· 0.0 0.0 0.0 

8.4 f7.6 17.8 : 17.8 14.4 14.2 

. 65 '7" ���:�.: '\�)if.:'��· 65 
· 480 , . ,Off;, '. 357),� _<l95 OFF 

SHUT OPEN tOPEN<'• OPEN OPEN 
OPEN SHlf'r· '· sHUT <: 'SHlfr:: SHUT 
OPEN .. SHU1' �lJt'•�'.SHi.JT: OPEN 

-E , !��,y�:l�4 �H 
14.4 <i.9\ : 0.0 O.Q. 0.0 

Chimney N C  Ch 
(17) (18) (19) (20) 

65 
365 

OPEN 
SHUT 
OPEN 

65 1° 65�' '.?tiiF 

��� ���-;:;. 
OPEN ••• SHUT : Of>EN ,,,, :l· 

n/a nta ::, .;:.: nta' _',_.·'' n1a 
9.3 8.4 : >:.o.6 : • ''""0.6 

-1.3 -0.8 :: ;;;;.14.o ::, -...1;.o 
37.0 50.6 0.0 0.0 

0.0 0.0 o.o 0.0 

1352 1355 1358 1401 1404 1407 1413 1416 1419 1423 1427 1430 1436 1439 1442 1445 1448 1451 622 635 
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Name: 

AIR LEAKAGE TEST REPORT 

GORDON HOWELL Address : 15006 - 103 Avenue 

Nov 1 1 ,  1987 

Technician a W. Mavhew Project Name : CCDH 

Vol\Dle • 505 ml 

House pressure s 
Initial • 0 Pa 
Final • 0 Pa 
Backgrnd • � Pa 

Measured Corrected 
house 

Reading ercssure 
I ( Pa )  ( Pa )  
l .  60 60 . 0  
2 .  53 53 . 0  

3 .  44 44 . 0  
4 .  32 32 . 0  
s .  20 20 . 0  
6.  1 4  14 . 0  
7 .  

Comments on the wind speed a 13 km/h 
Barometric pressure • 94 kPa 

Indoor air temperature � 22 °C 
Outdoor air temperature = 10 °C 

Fan # holes Corrected Maximum Error 
Eressurc Elugged Flow {must. be < 6% l 

( Pa )  ( -l•open ) ( cfm ) ( % )  
39 4 378 . 6  
32 4 346 . 0  
23 4 298 . 6  
15 4 245 4 . 4  
55 7 157 3 . 6  
31 7 120 2 . 7  

+----------------------Air Leakage Test Re sults�----- - -- - - - - - - - - - - -- - - - - - - - - -+ 

C • 16 . 1  r • . 997 ( must be > 0 . 990 ) 

n • . 772 ( between 0 . 5 and 1 . 0 )  RSE 1 0  = 4 . 2 % ( must be < 7% ) 

Qse .. 330 cfm Air change 5 0  "' 1 . 1 1 per hour 

(he • 163 cfm 
Q1e • 95 cfm Equivalent leakage are a  = 28 in2 at 10 Pa 

: Qs • 56 cfm 
+ - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - +  

Comments 1 (Major leakage sites , recommendations . . •  ) 

46 
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JAN-28-1991 19 : 53 FROM Ho we l l -Mayh e w  Eng i ne e r i n g TO 1 4 1 67927590 F' . 05 

VENTILATION AND COMBUSTION AIR 

I.  Venti l ation 
The A1 berta Bu i l ding  Code (Arti cle 9 . 33 . 3 . 1 . ) requi res tha t systems 
capabl e of at l e ast Js a i r  change pe r hour mechan i ca l ven t f  h t  i on be provf ded i n  al l dwe 1 1 1 ng un i ts .  

Thi s tan be cal cul ated es per the fol l owi ng examp l e s .  

Home wi th a fl oor a rea  of 2 , 000 squa re feet ( i ncl udi ng basement ) 
and that has 8 foot h i g h  ce i l i ng s .  

Vol ume o f  home • 2 . 000 squa re feet *8 foot cei l i n g  hei ght 
= 1 6 .000 cubi c feet 

One a i r change wou l d  mean that we exhaust 1 6 , 000 c ubi c feet of 
a1 r per hour and supp l y  an equa l  amount of hea te d  a i r .  · 

Si nce we are i nte rested i n  � a i r  c hange pe r hou r ,  we woul d  o n 1 y  · 

have to exhaust  s . ooo cub i c  fee t  of a i r pe r hOu r and . o f  cou rse . 
supply an equa l amount of hea ted a i r .  

Norma l l y ,  exha u s t  fans  and ductwork ca l c ul ati ons Bre pe rformed 
u s i ng va l ves g i ven i n  cubi c fee t of a i r  moved p e r  mi nute ( C . F . M . ) .  
rathe r than cubi c feet pe r hour.  
The refore , ; f  we conve rt o u r  8 . 000 cubi c feet p e r  hour to cubi c 
feet per minute , we wou l d have to d i v i de i t  by 60 . 

c . F . H. �8 ,000 cubi c feet per hour 
60 m1 nutes per hou r 

• 1 33 C . F.M.  

To de termine i f  thi s house wou l d  meet the requi rement ,  i t  wou l d  
, be necessary to cheek the sizing of  the : 

- exhaust fans located i n  the wa shrooms and ki tchen . ( Fa n s  mu st exhaust air  d i rectly to the outs i de of 
the bui l d i ng . ) 

heated ma kepup a i r  requi rements . 
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I .  Yent·n ation ( continued) 

A. Heat Recovery Venti lator 

In some bui l d i ngs .. heat recovery venti l ators " are used . These 
systems exhaust a 1 r  and . hea t  i ncomi ng a i r  using heat that 
i s  1n the exhaust a i r. In  a i r  to a1 r type heat recovery 
venti l ators . the suppl y and exhaust a i r  s treams neve r comb1 ne . 
however � a re channel l ed thr1�ugh smal l pa s sa geways tha t are 
s i de by s 1 de so that the heat can be transferred acro s s  the 
ma teri al used to sepa ra te the ai r streams . 

As l ong as the heat recovery venti 1 ator was si zed to suppl y 
at l ea s t  1 33 C . F . M. and exha u s t  the same amount .  the mi n i ·  
mum ven t i l ation requ i red by Arti cl e 9 .  33 . 3 . 1  woul d  be met .  

8. Forced Air Furnace System 

... 

Another method that can be used , where forced ai r furnaces 
are prese n t .  i s  as fol l ows : 

1 .  The exhau s t  fans l ocated i n  the wa shroom ( s ) and ki tchen 
can be s i zed to provi de at l east 1 33 C . F . M .  exha u st . 

2. The fresh a i r  duct (make up a i r ) that l ead s from outs i de 
of the bui l d i ng to the return a 1 r  of the furnace can 
be s i zed to handle 1 33 C . f.M.  of outdoor e i r. ( The furnace 
si zi ng wi l l  have to be checked to e n s u re it can hand l e  
thi s add i ti onal l oad - a l so the furnace manufacturer 
shoul d be consul ted regard i ng the type of materi al the 
heat exchanger must be made of 1 n  order to avoi d rapi d 
corros i on . ) 

It wi l l  be necessary to actua l ly cal cul ate out the s i z e  of 
the fres h ai r duct si nce 1t depends on the fri ction l osses 
and the effecti ve l ength Of the duc t .  - (Nonna1 l y  a 6 i nch 
or 7 ·  i nch di ameter duct woul d  be suffi c i en t  for thi s amount 
of a 1 r. ) 

.. 

'I: 

.. 
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I I .  Combustion At � 

A.  Furnace and Hot Water Heater 

1 4 1 67'92759C 

Combusti on ai r i s  ]l!U prov i ded t h rough the fresh a i r 
duct that l ea ds to a return a i r system of a furnace . 
Thi s i s  due to the fact that hot water heate rs a re a l so 
normal ly present i n  homes . end are requ i red to have 
combustion a i r as wel l  a s  the furnace . Al so , the 
quanti t i es of a i r . ( i n  add i ti on to venti l a t i on a i r  
requi rement s )  woul d  be too l a rge a l oad o n  mos t  furnaces (not e practi cal sol ution to combustion ai r fn today ' s  
ti ght homes ) .  

P . C17 

Therefore , combus t i on a1 r must · be prov i ded sepa rate l y  
to the room i n  whi ch the furnace and hot water he a te r  
are l ocated . ( Refer to Standata D .  I . -017R "Combu st i on 
A i r  i n  Dwe l l ing Un i t s ) . Other methods such as  the use 
of the A . C . A . P . A . C .  Combusti on Ai r Dampe r a re a l so 
acceptabl e .  

8. Fi repl aces 

The method that woul d be most a cceptabl e i n  tod ay ' s energy 
eff f c f en t  a tmosphere woul d  be to prov i de combus t i on a i r  
d i rectl y to the fi re chambe r .  For fa ctory bu 1 1  t 
fi repl aces , the un i ts must be tested and l i s ted wi th 
thi s feature and be compl ete · wi t h  g l a ss doors . The 
combusti on a i r  s i z f ng wi l l  be provi ded i n  the i n s ta l l a t i on 
i n s truct i ons . I f  the uni t  does not come wi th th i s  fea ture , 
1 t  wou l d be nece s s a ry to provi de combu s t i on a i r di re c t l y  
from the outs i de t o  the room i n  wh i c h  the fi re p l a c e  h 
l oca ted . The mi nimum s i ze requi re d wou l d  be ca l cu l a ted 
in rel at i on to the i n s i de c ross-sec t i oned a rea of t he 
.ch i mney . As l ong a s  the fre sh ai r duct has an a rea at  
l ea s t  equa l to the area of the 1 ns 1 de of the c h i mney . 
1 t  ·can  be accepted . ( Norma l l y  a 8 i nch d i ameter duct ·:· 
or two 6 i nch d i ameter ducts . woul d be acceptabl e for 
factory bui l t  fi repl aces . )  l"he duct s hou l d  be as stra i ght 
end short as poss i bl e .  A manual damper1 ng mechan i sm 
h requ1 red to shut off the fl ow when the f1 rep l ace 1 s 
not 1n  use . 

When site bui l t  ma sonry f i repl a ces ( w/o t i ght-f1 tt1 n9 
ghss doors and combu s t i on a i r  di re c t l y  to the fi rebox )  
ire fnsta l l ed fn  1 home the combust i on a 1 r  duct ( s )  must 
be s hed in rel at i on to the cross· sect 1 oned a rea of the 
i n s i de of the chi mney fl ue . As l ong  as the combus t i on 
at r duct ( s )  has the same tota l c ross  .. sec t i on a l  a rea 1 t  
woul d  be acce pted ( norma l l y  a 9 i nch or two 7 1 nch  di ameter 
ducts are requi red ) �  · 

j 

' ·. 
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D I R E C T O R' S snN· n.A'IA I N T E R P R ET A T I O N S  � I/� V/� ·I/"� · 
a OCTOA£R 1966 H�bl·�[7R2 Page J of s 

COMBUSTION AIR FOR DWELLING UNITS 
Thi• �ll•\lft hat �••D d••• 1opt4 J olatl7 ,, the luildln1 lt1nd1rd1 lraneh •nd 
the �lWDb1111 eDd C•• SafltJ 11 1'\'Sct• lr•n�� t• e11rlf' th• r1qu l r1�1ntt fDr · 

. CCllll�U losa ah tor I H o  oU a11d aol ld fuel (•oo•lc11a1 ) bur.a1nl app l l aftHI th1t 
•r• la1tall•d within d•e l l in& taalta . 

'l'ht l11fora1Uon prov Sdtd tehtH on
°
1J to the q\llnUt lU 111d 1Hthod1 of 

prov1d1na eomburtlon • l r  for appl S 1nctt lftd doe• 11ot e,..e r the qu1n t S t lt1 of 
alr r1�ov14 \ly �echaeJeal ••nt l l •t lon •1•tem1 th1t ar• .&!!! r• •�lt•d to be 
,rovld•d fer a l l  d�1 l l in1 unltt . 

Other e1thod1 ••1 b• aeeapted • eont •�t J•ur local 1•• ( f or 1•• f ired 
app11anct• ) or bu l l d lft& ( for 011 •n4 •ol ld fu1 l f lred •pp l l aneer) lDtp1etot 
!or hrther Snton.aUon. 

f1replatU, Stoves. Spa ce Hea ters end Ranqes 811rn•nq SoHd Fuel 
Coinb�•t lon • l r  •u•t bl •upp l l e d  ., Oftt Of the two ro1 1 ow lna ••thod 1 1  

J .  �lrectlf t o  the f i r• cha11b1 r ( for f1ctor1 'u l l t  •ppl lanctl tht vn lt• ·�u• t 
•• t • • t•d •ftd l l•t•d with thl• rtaturt aftd eompl e te ln1 t 1 1 1 rt lon 
Snttruct lOft• ara requ i re d ) .  For ! 1r•p1aee a ,  &1••• door• •r• nor1111 1 1 1  
rtit\llnd $1\ erdu for thh .. thod t o  M vorkabh . 

l .  »l�tttlf to the roDlll la which tht 1pp 1 S 1ne1 1 1  l oc1t1d , Th l l  taft �e 
accompl l1h1d b1 1n1t1ll S�a • duet 111d ln1 d lr1c t 1 ,  f r11t11 eut1 lde the 
b11 lld .ln1 Into tht rooin vheu the a p p 1 S anc1 h located . !he duct shou l d  
b e  • •  ttra Saht &ftl •hort • •  po1 1 l b l 1  and ahoYld have the • am1 cro11 
••�t t oo•J at•• 11 the ln1 1dt of the •tovep1pe (er chimney )  thet aerves 
th• eppl J •ntt .  A d aniperlng mechan i •� 11 1 1 1 0  rtqu l red 1 0  that the duct 
11117 be elo1 1d vhtn tht •PP l J ance l• �ot la operat lon , 

App 1 l anct 
(fuel bu.rr110 

Oat 

Oil 

furnaces and Bolltra 

aolH fuel 

(euaplt• ,,.od uid ... u 

' 

Ar•• of Co!Dbust lon 
Air Duet (b•••� on 

Input or •ll app1l11tet1 
Sta ap1c1) 

CAN/CCA 1 14� . l 
CAN/CGA 1160 .l 
CSA ant 

HOO so"l/t.W 

All ee11�uatloa alr duct• tboult '9 •• •lT•l&ht aftd ahDrt •• po1• lbl• . 
llona1ll1 ao aore th1D two •1�• ••1 �· u11d unl 1 1 1  the duet a lze lt 
lae.n•HCI. 

11tUli Cf' 'tHI$ INTtf\l>At'TA'JOff fS AUTHOAlttO . 

F' . 08 

VNt>ER Ufn£1o1:;£ t.l.U.(151 Cf 1ME 

�AIOO-... £"TA 8UIWHQ COOE '"5 8V 1� 

fi - CTOR Of' IMLDINQ ITA.-.OARDC a· I 0·1·�.ILA.U-C. . . - -----------

Bu tiding Standard• Bren cl) ., • ··�·-· •fl•,.... LABOUh 
715 - 10908 • t9 A..,_,., .,.,.,._ .. - -. ..__ .-- - '"•rw••• -·••' -•well o..tsion 
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· JIOD - OIL !NO SOLJO fUEL [lRED rURNAtES AND 8011,ltS 

H•DJ•b17R2 
Paot 2 or s 

• 1&11 air to alt heat •�chana•r 
••1 � �••d for ••bt l l • t lOb 
ln l lau of fan/coll 

Th• ee91\uttSoD •lr te1111lnetloa 
optloaa ahova OD ••••• f4 •nd J 
will •••l•t la the pre•tnt lon of 
••1• •r•uaht• ea the fleer vSthla 
tb• &•••r&l •lclDltJ of the 
COID)u•tloa air dQCt (la \ht peat 
•�D ••'•d eombua t loa air 4uott 
vtr• •ft•� blocked off ) .  l t  �Ill 
alao l••••a th• chance of water 
pipe• ( ID the area �• low th• 
COIDbu•tloD •Sr duc t )  f•ll ln1 due 
t• fr••�lDI teDperatur•• (at 
l• ••t oa• optloD •u•t be u••• > ·  

17ai.11 ahown . 

Insulated 

F'lt Heating Coil 
1 er • •  • ,., 

·' �. . , -., . . .  ,. � . . . . .  
• •;,,. • - • •. • t.:" • • • .. ( , �:1 _..... Venlllation A. Ir to 

� �., Fan r • • • • .. - • ". L' . �m· I: • - • • • •  'i" - • • •  I , 1:; 1ving Areas of Home 
;; '· ' " 

' .. .. _ .  # dotted sec\ion shown 
:i."¥ L tnsulated Ventilation Air Ouet lor guidance only) 
-.-

Boiler 

For Combustion -�,��--�l----ir� Air �ermination 
� ·"" • Options See pages 

No. 4 and 5 

Insulated Ven111ation Ait Duct 
(dotted section shown for guidance only) 

I. . . 
• • �• af\ .. . • : I r----.. <I I 

'Ill -� · · · · ·· � I !  . . .. . . . . . . 

Supply Air Duct 
:I! : .. . . . . . . . .  .. 

• • • • • • • •  .. .  

Combustion IF!!i --1 ( I i I Furnace I Nr Ouct 

'S'o� Wall 
i : ' For C.o�bustion Air 

, • _ 
- Term1na ,1on 

I Options Su pages • No. 4 aod 5  . 

F' .  [1'3 
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llorE 
-

GAS FJREO A�PLJANCE$ 

8S•1>1 ·017R2 Pagt 3 or 5 

�he eo��u1tloa •lr teratnatloD 
optllDI •boVll DD paaea f4 ·�· 5 
wlil  •••l•t ln tb• pr•••Dt Joa 
of cold dr•u•ht• on tbe floor 
•lthlD thl ttbttal • lclDltf Of 
�h• eoah�•tlon air d��t ( ln th• 
P••t epaa ended eoa�u•t lon alr 
duet• ••r• oft•� �l ocked of f ) ,  
Z t  wll l  •110 l••••• the cbanc• 
Df Wat1r f lpa• ( lD thl araa 
._low tb1 coa'b\a1t lon air duct) 
f • l l laa due to frea&ln& 
t1mp1r1tur•• ( at l 1 11t Oft• 
optloD .-a•t ... u11d ) ,  

Coalbutt lon a lr ll\lt\ ttr.lnatt 
wlthSD JOO .. •bo•• •nd wSthln 
100 -. hor S�ont1ll7 froe th• 
�urne r 11v e 1  of th1 •P� l l aaca 
ba¥1DI th• l •r11•\ l�p�t. 

• An alr to air h••t 1xchan11 r 
••7 �· u11d for ••n t l l a t lon &n 
1J1u of f1n/eoll •1•\ta •hown . 

�� F'lt Heating Coil 
UlO 1 er • • .  , • .  7i( ·' • !t• • ., • •  · : · a. . - . ..  - •;,.•�· a'·� • • • •  ( Fan • :::_ ___.. Ventilation Air to � ____.....,.... u• ,. • • • , • • • • • L • �· • • •  • • . kt •  • •  • •.. ·• �:. lvlng Ate as of Home L • . .. ..  • (dotted section shown 
r;i .tsulated Ventilation Air Duel for guidance only) 

tnsulaled Ccmbustlon Ait Ouct 

Boiler 

For Combustion Air ·"i I 1- Termination 
- ·  Options See pages 

lniu1a1ed Ventilation Air Duct (d:>tt�d section shown for 
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• SUDSE CTI ON 9.33.3.  MECHANICAL VENTILATION 
(See Appendix A.) 

Mechanical 
v entilation 
requirements 

9.33.3.1.  Except as required in Article 9 .3 3 .3 .2. ,  dwelling units 
shall have a mechanical v entilation system capable of providing , 

during the heating season, at least 0.5 air change per hour or 
according to Table 9.33.3.A. 

-

9 . 3 3 . 3 . 2 .  Mechanical ventilation systems in dwelling un its 
designed in accordance to Part 6 to distribute ventilation air to or 
from all habitable rooms, but excluding such rooms as storage, 
foyer, laundry or mechanical rooms, shall be c apable of prov iding, 
during the heating season. not less than� w change per hour or 
according to Table 9.33.3.A. 

9 . 3 3 . 3 . 3 .  The rate o f  air chang e in Articles 9 . 3 3 .3 . 1 .  and 
9 .3 3 .3 .2 . .  and Table 9 .33.3.A shall  be based on the total interi or 
volume of all sroreys incl uding the basemen/ and heated crawl 
spaces, but excluding any attached or built-in garige. 

T a b l e  9 .3 3 . 3 . A .  
Forming Pan of Articles 9.33.3 . l .  and 9 .3 3 . 3 .2. -

MINIMUM R EQ UIRED VENTI LATI O N  RATE 

Mu. Total Mu. Total Floor Minimum Ventil ation R ate 
Interior Area<! )  B ased On 

VolumeC l l , Standard 2.44 m 0.5 Air Change 03 Air Change 
ml Ceiling Height. m2 per Hour, L/s per Hour. Us 

1 22 5 0  1 7  1 0  

1 4 6  60 20 1 2  

1 7 1  70 2 4  1 4  

1 9 5 8 0  2 7  1 6  

220 90 3 1  1 8  

244 1 0 0 3 4  2 0  

3 6 6  1 5 0  5 1  3 1  

4 8 8  200 68 4 1  

6 1 0  250 85 5 1  

7 3 2  3 0 0  1 02 6 1  

97 5 4 0 0  1 3 7  8 2  

1 2 1 9  500 1 7 1  1 02 

1 4 63 600 205 1 23 

Column 1 2 3 4 

N o l e s  to T a b l e  9.33.3 . A . :  

(I) For rooms or 1pac:c1 10 be included o r  cxc:lu�d ice Anic:lc 9.33.3.3 .  
1 2  
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9.33.3 .4. Where a h&bitable room or space in a dwelling unit i s  
not provided with natural ventilation described in Article 9.33.'l.S., 
mechanical ventilation shall be provided to that room or space that is 
capable of providing 0.5 air change per hour if the room or space is 
mechanically cooled. in summer, and 1.0 air change pe.r hour if it is 
�L • 

(See Appendix A.) 
9 .  3 3 . 3 .  5 .  A portion of the ventilation rate required by Articles 
9.33.3 . 1 .  and 9.33.3.2. shall be controlled automatieally by a 
centrally localed dchumidistat, or be provided by a continuously 
operating fan during the heating season. This portion of ventilation 
rate shall conform to Table 9.33.3.B. (See Appendix A.) 

T a b l e  9.33 .3 . D . 
Fonning Part of 9.33.3.S. 

MINIMUM REQUIRED VENTILATION RATE CONTROLLED 
AUTOMATICA LLY OR PROVIDED CONTINUOUSLY 

Mu. Total Mu. Total fJoor 
Minimum Minimum Interior Area<U B:iscd On 

Ventilation Rate, Ventilation Rate, Volume<1> . Standard 2.44 m 
Controlled Provided m3 Ceiling Height, 

Automatically, Us. Continuously, Lis m2 
244 1 00 20 1 0  
366 1 50 3 0  > 1 5  
4 8 8  200 4 0  2 0  
.732 300 40 3 0  

975 and over 400 and over 4 0  4 0  

Column 1 2 3 I 4 

Notes to Table 9 .33.3.A. :  

( I )  For rooms o r  spacu 10 be includ�:I or excluded ace Aniclc 9.33.3.3. 

9 . 3 3 .3 . 6 .  E:11.ccpt as provided for in Subsection 9.33.4. ot as 
otherwise stated in this Subsection, mechanical ventilation shall 
conform to the requirements of Part 6. 

13 
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Make-up /ili 9 . 3 3  . 3 . 7 .  Except as prov ided i n  Articles 9.33 .3 .8 .  an d  
9.33.3.14., mechanical venti111ion systems for dwtlling Wlits shall 
include provision for introduction of fre.sh m ake-up 1ir from the 
cuerior for the vcntil1tion r&lo controlled automaticllly or provided 
c:onlinuously u de.scribed in Article 9.33.3-.S. 

Miike-up Air 9 . 3 3 . 3 . 8 .  Make-up air u deicribed in Articles 9.33.3.7. and 
not re.quired 9.33 .3.13. is not required. if the dwelling unit doe.s not cont&in & 

narurally.a.spirating fuel-fired heating appliance, or if 111 fuel-flred 
applianc es arc isol1ted Crom the dwelling unit umo sphere.  
l.cceptoble appliances include induced dn!t or sulcd furnaces, g1S 
fireplaces and hol water tanlcl, wilh combus.t ion air directly from 
ouuidc and with scaled f11U.1; or firepllce.s IJld space heaurs that arc 
equ ipped with tight-fining, g u keled doors wilh &11 air supp ly 
requiremenu d irectly from the outside into the firebox. 

Make-up /ili 9 .  3 3 .  3 .  9 .  M ake-up air shall be tempered IS described in Articles 
tempered 9.33.3. 1 0. lo 9.33.3 .12.  

9.33.3 . 1 0 .  For locations wilh winter  des ign Lempcrature not l e ss 
th an - 10°C m ake -up air may be tempered by being supplied by 
ductin g  into secondary areas such IS util i ty or s torage rooms, by 
specially designed i ndividual room or space through-wall diffu sers, 
by methods described in Article 9.33.31 1 1 . ,  or by other accep t a b lt 
methods. 

9 .  3 3 .  3 . 1 1  • For locations with winter des ign  temperature less 
th8.0 - 10° C make-up ai r  may be tempered by being supplied through 
a forced air heatin g system as d escribed in Article 9 .33.3 . 1 2., by 
heating/fan un i t , by heat recovery v enli la tor. or  by other accep to ble 
methods. 

Make-up Air 9 . 3 3 . 3 . 1 2 . M 01ke .up air tempered throu gh forced.air  heating 
tempered by systems shall be

. 
prov ided by a duct conn e c ted 1 0  the retu m · a i.r  

forced-air plenu.m. The m&kc-up &ir duct shal l  be at leas t 100 nun d i am  or an 
he:iting equiv lllent combined duct with the furnace air supply. The make up 
systems air duc t shall be provided with 1 motor ized Clamper that is interlocked 

w ith the exh aust  fan control led by th e  dchumidistat  so that t.hc 
exhaus t fan only operates when the damper is in the open po si tion.  
The dehumidistat shall 1lso be interloclccd w i th the furnace air 
circulating fan s o  that the furn ac e  flJl will operate when the e irJi ausl 
ran is on and the d:unpcr is open. 
( See Example (c) in A-9.33.3.) 

14 
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9.  3 3 . 3  . 1 3 .  Except as described in Anicle 9.33.3.8 .. additional 
separaLe make-up air for the entire capacity shall be provided for 
other exhaust applian.cu installed in the dwelling llnit with a rated 
exhaust capacity_ exceeding 0.5 air change per hour, or according to 
Table 9.33.3.A. Non-forced make-up air shall conform to Table 
9.33.4.4. for the ratu indicated, otherwise the malce-up air shall be 
provided by a Can-forced unit of equivalent capaciry interlocked with 
the exhaust 11ppliance. 

ombination 9 . 3 3 . 3 . 1 4 .  A naturally-aspirating forced air heating system Orted air/ Serving a ma:itimum total heated floor area of 460 m2 is OCccptob/c 
u providing the ventilation requirements, if the system is capable 
or providing al 

'
1easl 0.3 air changes per hour during its healing 

operation or has an air supply according to Table 9.33.3.C. The 
system shall )).ave a ventilation rate controlled automatically or 
provided continuously by the furnace air circulating ran as required 
by Article 9.33.3 .5., and have the required air :supply according lo 
Table 9.33.3.C., provided directly to the return-air plenum. 
(See Example (b) in A·9.33 .3.) 

Ta�le  9 .33.3.C. 
Forming Pan of 9.33.3.14.  

M INIMUM AIR SUPPLY DUCT<I) DIAMETER FOR A 

COMDINATION FORCED AIR/VENTILATION SYSTEM 

Max. Total Interior I Mu.Total Floor AreaCll I VolumeCl> , . Based On Standard 
m3 2.44 m Ceiling Height, 

ml 

5 3 6  220 
8 05 3 3 0  

1 1 22 4 6 0  

Column 1 2 

Nutes to Ta ble 9.33.3.C.:  

Minimum Air S upply 
DuctCll Diameter, mm 

.> 

1 00 
125  
1 5 0  

3 

( 1)  The air supply duci has been sized for one duct 10 provide both for I.he air 
supply u required by me furnace inual111ion code and for lhc ventilation air 
required by \his S11b1cction. 

(2) For rooms or spaces LO be included or ucludcd see Anic:lc 9.33.3.3. 

15  
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9 . 3 3 . 3 . 1 5 .  Special purpose air exhausting equ ipment such a.s 
central vacuum cleaning systems, downdraft cook tops and clothes 
dryers shall not be inciuded ln c:alculating the capacity o r .  the 
ventilation system. 

9 . 3 3 . 3  . 1 6 . Systems de.signed to provide combustion arid/or 
dilution air for fuel-burning appliances sfull not be U$cd to supply 
malce-up air for the venti lation systems unless their capacity is 
suCficie.nt to serve both functions slmulLIJleously. An acceptable 
combination system includes a forced air heating system as de.scribed 
in Article 9.33.3 . 14.  
9 . 3 3 . 3 . 1 7 .  Wall . and ceiling fans required by Article 9 .33.3.5. to 
be controlled automllically or operate continuously, shall be rated 
by the muiufacturer not to exceed a sound level of 60 d.BA or 2.5 
Sones. 

9.33.3.18. Ezhausl ducts shall discharge directly to the outdoors. 
Where the uhaust duct passe.s through or is adjaccn1 to unhealed 

space, the duct shall be insulaled to prevent moisture condensa1ion 
in the duct. 

9 . 3 3 .3 . 1 9 .  Ventilation eq uipment shall be accessible for 
inspection, maintenance, repair and cleaning. Except where the 
ki1chen exhaus1 grille is located 11 least 1 .2 m horizon1.ally Crom the 
range, ki1chen t:UiallSt ducts shall be de.signed and installed so that 
the entire duct can be cleaned where the duct is not equipped with a 
"filter at the intake end. 

9 .3 3 . 3 . 2 0 .  Outdoor air intake and exhaust ou1le1s sh:i.11 be 
shielded from weather and insecl.S.  Shielding Crom insecl.S for 
ventil ating equipment may be by an access ible fil ter at  the 
equipment and by a 6 mm mesh screen at the in 1..ake or exhaust hood. 
Screening if used shall be of rust-proof maLcrial. 

Duel 9 .33.3.2 1 .  VenLilaLing ducu shall conform Lo I.he requiremenLS 
requirements of Pu1 6 for supply ducts, except uhaust ducts that serve only a . 

bathsoom or water·closet room may be or �om b u stible ma1erial 
provided the duel is reasonably air tight and consU'Ucted of a material 
impervious to water. 

Doors 
undercut 

9 .  3 3 .  3 . 1 2 . Interior doors for dwelling units shall be undercut a 
minimum of 12 mm or the rooms shall be provided with a grille of 
an equivalent area. 

16  
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sunsECTION 9.33.4. DASIC MECHANICAL 
VENTILATION SYSTEM 

(See Appendix A and Example (a) in A-9.33.4.) 

eral · 9 .  3 3 .  4 • 1 .  A basic mecharucal ventilation system shall comply 
with the requirements in Article 9.33.3.1. and shall consist of one 
or more e:uuus.t fans, without an air circulating ductwork system. 
The exhaust Cans shall be located in some or all of the kitchens 
and bathrooms. · The ventilation system shall conform to the 
appropriate requirements of Subsection 9.33.3., ucept the system 
need �ot conform lQ P� 6. 

9 . 3 3 . 4 . 2 .  The exhaust fans required in Article 9.33.4.1 . shall 
be ra1ed for sound as required in Article 9.33 .3 . 17 .  and controlled 
automatically by a dehumidislal as required in Article 9.33.3.5. 

9 .  3 3 .  4 .  3 .  The mechanical ventilation capacity o r  the exhaust 
fans in Article 9.33.4. 1 .  shall be assumed as the total of the 
individual fans, rated by the manufacturer al a differential pressure 
of al least 50 Pa. The exhaust duct size shall conform lo Table 
9.33.4.A. 

T a b l e  9 .33 . 4 . A . 

Formins Part of Ar1icle 9.33.4.3. 

EXH AUST D U CT<ll ., SIZE FOR A DASIC 

VENTI LATI O �  S Y STEM IN S U DS E CTION 9.33.4.  

Maximum Exhaust Fan 
Ventilation Rate, Us 

1 0  
25 
4 5  
7 0  

Column l 

Notes to T 11 b l e  9.33.4.A . :  

Min. Exhaus'i Due1Cl l Dia. 

Smooth Duel I Flexible Duet 

75 
1 00 
1 25 
1 50 

2 

1 00 
125  
1 50 
1 7 5  

3 

(I) The exhaust ducu shaU not exceed 15 m in length or have more lhan two 

90D c.Jbows, olhcrwise lhe duct shall be increased to lhe ntxt diameter siz.e. 

1 7  
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Make-up 9 . 3 3 . 4 . 4 .  MaJce'-up air shall be prov ided for the ventilation rate 
air controlled autom11ically or provided continuously u described in 

Article 9.33.3.5: and shall conform with Articles 9.33.3.7. to 
9.33.3 . 1 1 .  The non-forced air opening size for make-up · air for a ba.sic 
vcnt.ila1ion s·ystenl u provided !or in this Subse<:tion shall conConn 
to Table 9 .33.4.B. Forced make-up air equipment shall be rated by the 
manufacturer to provide (or the required air now rate. 

T a b l e  9.33 . 4 . D .  

Forming Part o f  .Article 9.33.4.B.  

MAKE-UP AIR O PENING SIZE FOR A D ASIC 

V ENTI LATION SYSTEM IN SUBSECTIO N . 9.33.4. 

Muimum 
Mimimum Make-up Air Duct Vent.ilition Rate 

Conuollcd 
Au1oma1ically or 

Provided Vent Area. cm2 
" Diam, mm 

Continuously, L/s 

8 4 7  80 
. 1 2  6 6  90 

1 5  8 5  100 
1 7  9 5  1 1 0 
20 1 1 4 1 20 
25 142 1 3 0  
3 0  1 7 0  1 5 0 
3 5  1 99 1 60 
4 0  227 1 7 0  
4 5  255 1 8 0 
5 0  284 1 9 0  
5 5 . 3 1 2  200 
60 3 4 0  2 1 0  

Column l 2 3 

1 8  
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Reference 

Appendix A 

"' 

Revision 

Delete all existing Appendix Notes to 
Subsection 9.33 .3. and substi tute the 
following: 

A· 9.33.3. &£ A · S>�33.4.  , M e c h a n i c a l  
V en t l l a t l o n .  Subsection 9.33.3. contains 
the general requirements for mechanical 
veniilation systems for dwelling units. l t  
also references Part 6 for the design of the 
ventilation systems, except for the  "B asic 
Mechanical Ventilation System" described in 
Subsection 9.33.4. Part 6 in rum requires 
good engineering practice, such as found in 
ASHRAE handbooks and HRAl Digest for the 
design of ventilation sysiems. 

S ubsection 9.33.'4 .  "B asic Mechanical 
Ventilation System", contains the specific: 
requirements for the instal l at ion · and 
verification of a simpl e ven1il ation sys tem, 
utiliting exhaust fans and make.up air as 
required. 

The following e x amples illust,ratc different 
ventilation systems and how the requirements 
can be satisfied depending on the heating 
system used. The house used in 1hese 
examples has two storeys with 1 00 ml per 
floor and contains an op�n firepl ace. 

21  
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Example (a) : shows the Buie Mecharucal Ventilation System as described 
in Subsection 9.33.4., · this can be used with any heating system. For this 
example the following would apply: 

(:i) 

1 .  9.33.4.1 . • O.S air changes per hour or from Table 9.33.3.A. for 

200 m2 a minimum v entilation rate of 68 L/s is 
required, this is provided by kitchen and bathroom 
exhaust fans; 

2 .  9.33 .4.2. • the bathroom fan to be rated for a maximum saund 
rating of 60 dBA (2.5 sones). be controlled by a 
dehumidistat and from Table 9.33 .3.B . a m inimum 
ventilation rate of 40 Us is required; 

3 .  9.33.4.3 . •  fans to be raied at a minimum of 50 Pa, exhaust duct 
si1.c according lo Table 9.33.4.A.; 

4 .  9.33 .4.4 . •  malce-up air is required since there is an open fireplace;. 
from Table 9.33.4.A. a 170  mm d i ameter duct is 

required for the 40 Us bathroom fan and in this case i t  
is provided to a storage room in the basement; and · 

5 .  9.33.3 .22 . •  doors to be undercut a minimwn of 12 mm or a grille 
of an equivalent area provided. 

I mn 21 U1 j. 

D 
Oohumldla1&1 tor 
balhroom 1a11 
clooll ul>Cl�UI 

Floot ar.aa • 100 rn2 1191 tloor 

ap.n nraiolac:e 
In lllling room 

mai..up 1.1r 
rnn 40 U1 

BASIC MECHANICAL V ENTILATI ON S Y STEM • 

O.S A .C ./H . WITH ANY H EATIN G  S YSTEM 
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um pie (b): shows a · ventilation system utilil.ing !I naturally-aspirating 
ed air heating sysiem with a two-speed furnace fan IS described in Article 

j3.3 . 1 4 .  A permittr.d alternate arr:ingement could uliliz.e a 4ehumidistat 
hich would con!rol the furnace air circul:iting fan for the ventilation rate as 

uircd by Article 9.33.3.5. . This is a combination healing/ventilating 
:sys1em where the furnace provides the heating IS well as supplying the 

quired house ventilation air. In this example, one air supply' duct is 
provided lo the return air plenum lo provide bolh for the air supply as required 
by lhe furnace installation code and for the ventilation air required by 
Subsection 9.3�.3 .  �or this example the following would apply: 

1 .  9.33 .3.14 . •  0.3 air changes per hour or from Table 9.33.3 .A. for 
. 200 m2 total heated floor area a minimum ventilation 

rate of 41 Us is required; 
2 .  9.33 .3 . 1 4  . •  minimum continuous ventilation rate or 20 L/s from 

Table 9.33.3.B. provided by the two-speed furnace fan: 
3 .  9.33 .3. 1 4 .  • the furnace and ventilation ouldoot air supply provided 

by a 100 mm diameter duct directly to the return-air 
plenum from Table 9.33.3.C.; 

4. 9 .33.3.2. • the system design to Part 6, which also refers to 
ASHRAE handbooks and HRAI Digest for design of 
ventilalion systems: and 

S .  9.33 .3.2'.Z . •  doors to 'be undercut a minimum of 1 2  mm or a grille 
of an equivalent area provided. 

1' 
natural Clall 0 �I 

--1� 
I IJ, 

1�1.,.,·1 a1r luppl)' 
c�lo ol • mn •1 Ua 
conUnuoue • nw. 20 U1 

( b )  VENTILATION SYSTEM WITH A FUEL-FI RED 

F O RCED AIR HEATING SYTEM � 0.3 A.C./H. AND 

C ONTI N U OUS VENTILATI O N  

23 
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Example  ( c ) :  shows a ventilation system utilizing a narurally-aspirating 
fuel-fired forced air heating system with a single speed furnace fan and a 
bathroom uhaust fan. In this example, an additional 1 00  mm m&ke-up air 
duct with a motorized damper is provided to the return-air plenum for the 
make-up air required by llie bathroom exhaust fan. nus additional m&ke-up air 
could also be provided by increasing the furnace air Sl!pply duct and iJu lalling 
a two-position motorized damper. For this example the following wou ld 
apply : 

1 .  9.33.3.2. - 0.3 air changes per hour or from Table 9.33.3.A. for 
20.0 ml total he�ted floor area a minimum ventilation 
rate of 41 Us is required; 

2 .  9.33.3.5. - minimum ventilation rate conttolled automatically of 
40 Us from Table 9.33.3.B., provided by bathroom 
exhaust fan; 

3 .  9.33.3 . 12. · make-up air is r�uired since there is an open fireplace, 
this can be supplied Lh.rough the forced air hea tin g  
system by a separate 1 00 mm due l with a motorized 
interlocked damper as de.icribed in Anicle 9.33.3. 1 2; 

4 .  9.33 .3 .2. • the system des i gn  to Part 6, which also rerers to 
ASHRAE handbooks and H RAl Diges t for design of 
vemilation systems; and 

S .  9.33 .3.22. • doors to be undercut a minimum of 12 mm or a grille 
of an �uivalent uea provided. 

(c)  VENTILATION SYSTEM WITH A FUEL-FI R E D  
FORCED A I R  H EATING SYTEM - 0 . 3  A .CJH. AND 
B ATHR OOM EXHAUST FAN 
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Revision 

Add new Note: 
A · 9 .3 3 . 3 . 4 .  A mechanical v entiluion 
system capable of operating on. a year round 
basis is required for habitable rooms or 
spaces which do not have openable windows. 
The ventilation system for these rooms may 
be combined w ith the whole house 
ventilation system described in Articles 
9.33.3. 1 .  and 9.33 .3.2. In most cases to 
comply with this requirement. an eithaust ran 
controlled by a switch or  dehumidistat 
capable of providing 1 air change per hour 
(where summer cooling is not provided) bued 
on the room or space volume would be 
required. 

Add new Note: 
A · 9 .33 .3 . 5 .  A u t o m a t i c  C o n t rol.  This 
Article requires that the Can(s) of a required 
ventilation rate be controlled automatically 
by a centrally located dehumidistat. In a 
typical example, where I.he bathroom exhaust 
fan(s) are controlled by this centrally loc:ited 
dehumidistat, the exhaust fan(s) should also 
be controlled by a switch or limer located in 
the b athroom. In all cases the central ly  
localed dehumidislal would be I.he overriding 
switch. For the most effect�v e  use  of the 
dehum idistat, it is recommended I.hat I.he 
se

.
tting be between 40% to 60% relativ e  

humidity to maintain a healthy environment 
and lo con trol any potential m o i s ture 
problems. 
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Revision 

A - 9 . 3 3 .3 . 7 .  M a k e - u p  a i r . Make-up 
air is not required for the entire venLilation 
capacity only for the ventilation rate 
controlled au to!l}atically or prov ide d 
continuously. However, in Article 9.33.3 . 1 3 .  
addi Lional separate malce-up a .ir  i s  also 
required for any exhaust appliance with a 
capaciry exceeding 0.5 air change per hour. 

This acknowledges the fact that although 
houses are being built tighter there is still 
enough air lea.lcage through the envelope that 
can provide the additional air requirements of 
approximucly ·sous to 1 OOL/s 11 5 P a .  
depending on th e  size o f  the house. Th.is i s  
based o n  a lealcage rate or NLA of 1 .08 

c m 2/ m 2  as established by a B EIT/EMR 
survey o f  airtightness o f  housing acros s  
Canada. Th e  S P a  deprcssurization h as  be en 
e s t a b l ished a.s Lhe m ax i m u m  permitted 
dcpressurization to prev ent backdraf!ing of 
naturally·aspirating appli ances. 

I · indicates N.R.C. errata ( issued January 1988 ) 
• .  indicates B .C. errata 

Note: N.R.C. issued revisions (or errat.:i) do not automatically become pan of 
the B.C. Building Code, they m ust be adopted by the Province. 
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VENTI LATION REQU I RE M ENTS: 
Changes to B.C. Bui lding Code Venti lation 
Standards 
Richard Kadulsld 

171e ventilation requirements of the 
·B.C. Building Code have been revised, 
and are now in force, 171e revisions go a 
long way to cleaning up the code 
language, making it more u11der
sta11dable. 

A number of tables afe provided with 
the code, to ease calc11/atio11. For most 
standard houses the b11ilder need just 
foil ow the steps tlzrougli a series of 
tables to calculate wliat's required. 

We're prese11ti11g tlie essential 
elements of the revised code. 

System Capacity 
All dwelling units m ust have a 

mechanical ventilation system capable 
of providing at least 0.5 air change per 
hour (ACH) during the heating 
season. 

Systems designed to distribute 
ventilation air to or from all rooms, 
(but excluding rooms such a� storage, 
foyer, laundry or mechanical) must be 
capable of providing at least 0.3 ACH. 

The ventilation rate is to be based 
on the total heated volume (including 
basement and heated crawl spaces). 

A portion of the required ventilation 
must be controlled automatically by a 
centrally located dehumidistat or be 
provided by a continuously operating 
fan during the heating season. Table 
9.33.3.B spells out the minimum 
required rates to be controlled 
automatically or continuously. 

In many houses this will mean that 
bath fans must be run continuously or 
controlled on a dehumidistat. 

Most houses (over 2100 sf) will 
require that 80 cf m of capacity be 
controlled by a dehumidistat. Houses 
with continuous ventilation (e.g. HRV 
or continuous exhaust fan) will require 
40 cf m continuous (80 cf m for houses 
over 4300 sf). 

The alert reader will note that the 
minimum ventilation rate provided 
continuously (at 80 cfm for large 
houses) can be as low as 0.15 ACH. 
While the system capacity m ust be .3 
ACH for distributed and .5 ACH for 

... 

non-distributed ventilation, it need not 
run at that rate continuously. 

The ventilation standard related to 
air changes per hour is not a 
meaningful measure. We began using 
it when we first seriously looked at 
ventilation requirements in homes, aJ?d 
had to look at what others do. In 
Europe, where ventilation has been 
mandated for much longer, they may 
use "air changes per hour" - but the 
volume of the average dwelling unit is 
much smaller than the average 
Canadian home. 

What has been recognized by the 
B.C. Building Code (directly or 
otherwise) is that ventilation is for 
people. The acknowledged minimum 
quantity required by a human is 
around 15 cfm (plus or minus 5 cfm). 

Exhaust equipment such as central 
vacuums, downdraft cook tops and 
clothes dryers will not be considered in 
calculating the ventilation system 
capacity. 

Make-up Ai r  
Mechanical ventilation systems must 

include provision for introduct ion of 
fresh make-up air from the ·exterior to 
match the ventilation controlled 
automatically. 

Make-up air is not needed if the 
dwelling bas no naturally-aspirating 
fuel-fired heating appliances, or if all 
fuel-fired appliances (including 
fireplaces) are isolated from the 
interior atmosphere. 

In colder climates (design 
temperature less than - 10°C) 
tempering of the make-up air is 
required. It can be done by mixing it 
with forced air heat, by use of an 
HRV, fan coil unit or other suitable 
method. 

Make-up air need not be tempered 
in miJd climate zones (winter design 
temperature above -10°C). It can be 
supplied into areas such as utility or 
£torage rooms. 

Make-up air tem pered through 
forced-air healing systems must be 
provided by a duct connected directly 
into the return air plenum. The make 
up air d uct must be provided with a 
motorized damper that is interlocked 
with the exh aust fan controlled by a 
dehumidistat so that the exhaust fan 
only operates when the damper is 
open. The dehum idistat must also be 
int erlocked wit h  the furn ace fan so 
that the furnace fan Will operate when 
the exhaust fan is on and the damper 
is open. 

T a b l e  9.33.3 . D .  

Forming Pan o f  9.33.3.5. 

. MINIMUM REQUIRED VENTILATION RATE CONTROLLED 
AUTOMATICALLY OR PROVIDED CONTINUOUSLY 

Max. Total Max. Total Floor 
Minimum Interior AreaO> Based On Minimum 

Volume<!) , Standard 2.44 m 
Ventilation Rate, Ventilation Rate, 

m3 Ceiling Height. Controlled Provided 

ml Automatically, Us Continuously, L/s 

244 1 00 20 1 0  
3 6 6  1 5 0  3 0  1 5  
4 8 8  200 40 20 
7 3 2  3 0 0  4 0  3 0  

975 an d  over 400 and over 4 0  4 0  

Column 1 2 3 4 

I l/1 • 2 elm 
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Additional make-up air must be 
provided for other exhaust appliances 
installed in the dwelling unit with a 
rated capacity exceeding 0.5 ACH. 
This may have to be by a fan-forced 
unit of equivalent capacity interlocked 
with the exhaust appliance. This would 
apply to equipment such as high 
capacity downdraft cook tops. 

Small houses with naturally aspir
ating appliances require fan forced 
make-up for 100% of the capacity 
(tempered if in a cold climate with 
winter desig temperatures <-10°C). 

A naturally-aspirating forced heating 
system serving a maximum total 
heated floor area of 460 m2 is 
acceptable as providing the ventilation 
requirements, if the system is capable 
of providing at least 0.3 air changes 
per hour during its heating operation 
or has an air supply (as provided for in 
a table providing minimum supply duct 
diameter). 

Combination Forced Air-Ventilation 
In houses up to 4900 sf, with a 

naturally drafted furnace, if the supply 
air is directly connected to the return 
air plenum, no other ventilation is 
required if the system can contribute 
.3 ACH. This type of system requires 
dehumidistat control of the furnace fan 
or a continuous running furnace fan. 

This system is a minor modification 
of existing furnace installations that 
have proven to be acceptable in the 
general housing stock. It is being 
accepted- for the time being because of 
its proven track record (and in part 
because of pressure from the gas 
industry). 

As houses get tighter and more 
sealed combustion furnaces are used it 
is likely that this kind of passive 
system may not be adequate. 

Combustion air ducts for fuel 
burning appliances are not to be used 
to supply make-up air for the 
ventilation systems unless their 
capacity is enough to serve both 
functions at the same time. 

Sound ratings 
Wall and ceiling fans that are 

controlled automatically or meant to 
operate continuously must be rated by 
the manufacturer not to exceed a 
sound level of 60 dBA or 2.5 Sones. 

Exhaust Ducts 
Exhaust ducts must vent directly to 

the outdoors. Where the exhaust duct 
passes through or adjacent to unheated 
spaces, it must be insulated to prevent 
moisture condensation in the duct. 

I N FOR MATION WANTED 

Ventilation ducts must be metal, but 
exhaust ducts that serve only a bath
room or powder room can be made of 
combustible material that is impervious 
to water. 

Service Access 
Ventilation equipment must be 

accessible for inspection, maintenance, 
repair and cleaning. Kitchen exhaust 
ducts must be designed and installed 
so that the duct can be cleaned if there 
is no filter at the intake. Kitchen ducts 
must be metal. 

Outdoor air intake and exhaust 
outlets must be shielded from weather 
and insects. Screening for insects may 
be by an accessible filter at the 
equipment and by a 6mm mesh screen 
at the intake or exhaust hood. 
Screening must be made of rust�proof 
material. 

Distribution 
To ensure distribution of air through 

the house, interior doors should be 
undercut Vi", the rooms provided with 
a grille, or a transfer grill with an 
equivalent area. 

Fan ratings must be rated by the 
manufacturer at a pressure difference 
of at least 50 Pascals. 

A study to evaluate the Impact of the draft CSA F326 
Standard for Residential Mechanical Ventilation Is being 
done by Allen Associates. {What are the consequences 
for the building Industry if the standard becomes 
mandatory?) 

Allen Associates would l ike to receive current product 
l iterature, preferably with price lists, from manufacturers 
and suppliers of residential ventilation equipment such as: 

* exhaust fans 
* make-up air fans and ducts 
* recirculation fan systems 
* central exhaust systems 

The study will Include a review of available equipment 
and costs of complete systems. 

If you can help, please send your l iterature to: 
Allen Associates 
33 Madison Avenue 
Toronto, Ontario 
MSR 252 

Attn: Mario Kani, P. Eng. 

* heat recovery ventilators 
* exhaust air heat pumps 
* passive supply vents 
* forced air and low flow high-wall or ceiling supply registers 
* exhaust grilles 
* intake and exhaust vent hoods (for exterior wal ls ,  complete with 
screens add/or filters) 
* ductwork (with an without insulation an for low-flow applications) 
* and controls. 

Information required is engineering and technical in 
nature and should specify, among other data, air flows, 
sound ratings, and applicability. 
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