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Abstract 

The followi ng report docu ments the desi gn and development of an 
au tomati c  vent c losu re system for resi denti al exh au st system s .  The report 
di scu sses the rati onale behi nd the percei ve d  need fo r  su ch a system and 
defi nes the obj ecti ves of the desi gn and development work wi th respect to 
these needs. 

A detai led accou nt of the development of the desi gn and constru cti on of 
su ccessi ve prototypes wil l  be gi ven along with a thorou gh descripti on of the 
testi ng procedu res  employed to evalu ate the o perati onal characteri sti cs of 
each prototype as thei r  design was fu rther refined and developed. 

The operati onal characteristi cs of the vent closu re systems dev eloped will 
be presented to demonstrate thei r capabi li ti es and li mi tations wi th respec t  
to airfl ow and pressu re requ irements for operati on ,  battery li fe, and 
acceptable ou tdoor ambi ent temperatu re ranges.  The i nstallat io n  
requi rements of the systems wi ll also be demonstrated. 

Gi ven the capabi liti es and li mi tati ons of the ai r vent closu re sy stems 
developed, the report will co nclu de by li sti ng the su ccesses and fa ilu res of 
the desi gn. B ased on thi s analysi s ,  the potenti al for su ch a dev ic e  to 
u lti mately be accepted i n  the marketplace wi ll be postu lated. Additi onally, 
recommendati ons for any fu rther refi nements wi ll be su bmi tted. 
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1.0 EXECUTIVE SUMMARY 

Under the terms of an agreement between Canada M ortgage and H ou sing 
Corporation and J\1 r.  H ubert G er vais (R efe rence File No. 65 2 1- 13/ 92),  
M r. G ervais received funding under the H ousing T echnology Incentives 
Program (H T IP)  to carry out the design and devel opment of an automa ted 
air vent closure system. T he proposed system- in essence, an outdoor hood 
wi th a self-contained motorized damper and air flow sensing system- was 
to be self- actuated, airtight, and insulated unlike the conventional ou tdoor 
exh aust hood and damper assemblies currently available fo r residential 
applications . 

T he initial design and development efforts led to the fabri cation of 
prototyp es of the ai r vent closure system which were suitable for 
installation at the ou tdoor termination points of 15 0 mm rou nd and 
87 mm x 254 mm rectangular exhaust ducts. E ach device contained a 
single,  9 V batt ery, which powered the hood damper open upon the 
commencement of air fl ow within the exhau st du ct and shu t  upon th e 
terminati on of the exhau st air fl ow. T he operation of the motor was 
controlled by an integral air fl ow pressure sensing device and electroni c  
circu itry. T he devi ces were entirely self-contained and easily installed by 
untrained personnel . 

An evaluation of the performance of the devices in actual field tests 
demonstrated the viability of the concept of an inexpensive, self-contained, 
relatively airtight and well insulated closu re for residential exhau st vents .  
T he maj or complications experienced concerned the effects of froz en 
condensate on the operation of the air flow pressu re sensor and the closure 
mechanism's damper. Additionally, the use of a D C  battery to power the 
device placed limitations on the operation time, cold weather performa nce, 
and associated control options. 

All but one of the aforementioned limitations of the design were resolved by 
changing the power sou rce from a 9 V battery to a common 
9 V D C/120 V AC adapter. T his single change allowed for a significant 
improvement to the control hardware whi ch, in tu rn, improved the 
reliability of the devi ce and the ease with which it cou ld be controlled. T he 
problem of the damper mechanism freezing shu t  still remained ,  bu t it was 
envisioned that the use of alternative materials for the damper (such as 
polyethylene) and gasket materials would prevent such occurrences in the 
future . 
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The shop and fi eld testing of the dev ices led to design r efi nements that 
ultimately impr ov ed the v iability of the concept from the standpoints of 
pr act ica lity an d mark eta bility of t he v en t  closur e syst em d ev ic e . 

The fi nal pr ototy pe w ill be used to demonstr at e  the concept to pote ntially 
inter ested manufa ctur er s of v ent ilation r elated equipment for inclusion in 
their pr oduct l ines. 
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1.0 Rismm 

Aux termes d'un accord conclu entre M. Hubert Gervais et la Societe canadienne 

d'hypotheques et de logement (n° de reference 6521-13/92), M. Gervais a re9u 

une subvention dans le cadre du Programme d'encouragement a la technologie du 

batiment residentiel (PETBR) en vue de concevoir et de mettre au point une 

bouche d'evacuation a fermeture automatique. L'appareil propose, compose 

essentiellement d'un capuchon exterieur, d'un clapet motorise integre et 

d'un capteur de mouvement d'air, devait etre isole, automatique et etanche a 
l'air pour ainsi pallier aux lacunes des bouches d'evacuation classiques 

actuellement sur le marche pour lee applications residentiellee. 

Les premiers travaux de conception et de mise au point ant mene a la 

fabrication de prototypes pouvant etre poses a l'extremite exterieure de 

conduits d'evacuation rands (150 mm) et rectangulairee (87 mm x 254 mm). 

Chaque appareil est dote d'une eeule pile de 9 V servant a alimenter le 

moteur commandant l'ouverture du clapet des l'arrivee de l'air par le conduit 

et sa fermeture lorsque cease le mouvement d'air. Le fonctionnement du moteur 

est regle par un circuit electronique et un capteur de pression d'air d'une 

seule piece. Les deux bouches d'evacuation sont entierement autonomes et 

peuvent tree bien etre inetalleee par un non-specialiste. 

L'evaluation de la performance des appareils, a l'occasion d'essais en 

service, a demontre la viabilite du concept. En effet, il s'est avere que lee 

appareils pourraient etre peu couteux, autonomes et relativement stanches a 
l'air tout en constituant une fermeture bien isolee pour lee bouches 

d'evacuation residentielles. Les principales complications ont trait aux 

effete du gel du condensat sur le fonctionnement du capteur de mouvement d'air 

et sur le mecanisme de fermeture du clapet. De plus, l'utilisation d'une 

pile c.c. pour alimenter l'appareil nuit a la vitesse d'execution, au 

fonctionnement par temps froid et aux options de commande connexee. 



Taus ces inconvenients, sauf un, ont pu �tre resolus en rempla9ant la pile 9 v 

par une pile ordinaire 9 v a c. c. associee a un adaptateur 120 V c.a. Ce seul 

changement a permis d'ameliorer considerablement le materiel de commande et, 

de ce fait, la fiabilite de l'appareil et la facilite avec laquelle il peut 

�tre commande. Le probleme touchant le gel du clapet est demeure, mais on 

croit que l'emploi de materiaux differents pour le clapet (comme le 

polyethylene) et pour le joint d'etancheite pourrait le regler. 

Les etudes en service et en atelier des bouches d'evacuation a fermeture 

automatique ont permis de mettre au point des details qui ont finalement 

contribue a ameliorer la viabilite du concept quant a ea commodite et a ea 

valeur marchande. 

Le prototype final servira a faire la demonstration du concept a des 

fabricante d'equipement de ventilation qui pourraient �tre interesses a 
ajouter ce produit a leur propre gamme. 
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2.0 BACKGROUND 

The pr oj ect to develop the vent closur e device was under tak en to r espond to 
the need for an air tight and r eliable means of closing off r esidential 
exhaust du cts when the associated exhaust fans wer e  not oper ating. 
E xi sting exhaust hood and damper assembli es ar e poor ly made and, as 
such, do not close in an air tight manner (if at all) .  Thi s ,  combined with the 
absence of any i nsu lative valu e in most conventi onal exhaust hood and 
damper assembli es ,  r esults in a waste of home heating ener gy over the 
cour se of a typi cal winter . Additionally, unsealed exhaust ducts can cau se 
uncomfor table dr afts for the dwelling' s occupants. 

A r eview of the " state-of-the-ar t" vent closur e  systems r evealed ther e were a 
number of motor ized damper assembli es avai lable that could be used to seal 
off ducts. H owever ,  none of the damper s wer e  insulated, and all were 
power ed by a standar d  120 V or 24 V AC ser vice . Additionally, none of the 
dampers r eviewed had an integr ated contr ol system for initiating the 
" open" and " close" sequenc es of the damper 's o per ation. C onsequ ently, the 
homeowner or contr actor w ho wanted to incor por ate a vent closu re system 
into an exhau st air du ct system would have to design and install an air fl ow 
sensing device , wiring, and associated contr ols to allow the oper ation of the 
vent cl osur e  system. The compl exity of such i nstallation r equir ements 
would tend to discour age the typical homeowner fr om attempting su ch an 
effor t. 

The pr oposed vent closure system was designed to offer a reliable, low- cost, 
air tight, automatically actu ating alter native to conventional exhau st 
damper s .  The system wou ld be easily r etr ofitted in place of the existing 
hood or could be included in new home constr uction. The device, as 
or igi nally conceived, wou ld be able to oper ate i ndependently of the host 
dwelling electr ical system (i .e . ,  batter y power ed) and, as such, wou ld not 
r equir e an electr ician for installation. 

The development of such a device would benefit homeowner s  who wer e  
per for ming ener gy u pgr ade r etr ofits i n  their homes. The device wou ld 
decr ease air leakage thr ou gh the exhaust du cts when thei r r espective 
exhaust fans wer e  not i n  u se .  Additionally, the device wou ld offer a low
cost, r elatively simple alternative to existing damper systems for 
contr actor s to i nstall i n  th e homes of di scer ni ng cli ents .  
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3.0 OBJECTIVES 

The specific objectives of the project were to design and develop a prototype 
vent closure device. The device had to be low cost, easily installed, 
automatically actuating, airtight, insulated, and powered by a common 
9 V battery. It also had to be available in the common exhaust duct sizes to 
be compatible with standard residential exhaust ducts. 

The system had to be entirely self-contained in terms of power source and 
air flow sensing capability so that it could be easily retrofitted into existing 
exterior -exhaust p-ort-foca tions;--and.Tffiacrto-becapab-Te of -ope;atiiig-��liably 
under extreme winter conditions 
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4.0 PROTOTYPE DESCRIPTION 

4.1 General 

Two versions of the air vent closure system prototype were originally 
developed. One version was compatib le with 150 mm round vent systems 
(e.g., cooktop range fans, HR V ducts, dryers , etc.) ;  while the other version 
was compatib le with 89 mm x 254 mm ducts (e.g. , rangehoods). Photos 
No. 1 through 3 show the 89 mm x 254 mm version. Photo No. 4 show s the 
150 mm diameter version. Figures 1 and 2 detail the physical dimensions 
of b oth units . 

D espite the nominal dimensional differe nces, b oth devices had esse ntially 
the same configuration and assemb ly. They were constructed of galvanized 
sheet metal. E ach device consisted of a housing and internal frame for the 
air static and dynamic pressure sensing device, vent closure motor, and 
drive. A weather hood and screen was attached to the exterior side of the 
housing. An adapter duct, complete with an internal compartment for the 
b attery and control circuit hardware, was attached to the interior side of the 
housing. 

I t  was envisioned that the vent closure device would b e  used to replace 
existing exhaust vents . To this end, the unit was designed to b e  installed 
easily. The original vent would b e  removed, and the vent closure device 
would be installed in its place b y  inserting the duct adapter into the exterior 
termination point of the exhaust duct an d then screwing the closure 
housing into the exterior wall (S ee Photos No. 1 1 and 12). 

A 100 mm diameter version of the prototype, w hich incorporates sever al 
impro vements to the design and operation of the uni t, has since b een 
developed. The refinements were made in response to the results and 
ob servations of the lab oratory and fi eld testing of the original two prototypes, 
as documented in the Phase II report. The motor/ enclosure assemb ly was 
fab ricated completely of molded fib reglass ; although the exterior housing 
was made of steel. The layout of the control circuitry was altered to allow 
for its storage in the exterior housing as opposed to the duct compartment of 
the original prototypes .  The air fl ow sensing device and switches were also 
altered as describ ed in sub sequent sections. The 100 mm version of the vent 
closure device is shown in Photos No. 7 through 9. D etailed drawings of the 
device are depicted in Figures 3 through 5. 
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4.2 Air Flow Sensing Device 

The most cri tical component of the air vent closur e  system was determin ed 
to b e  the air flow sensing component and a ssociated swi tches. In the 
or iginal ver sions of the pr ototype,  an "L" shaped sensing vane (shown in 
Figur e  1) was designed to r espond to either static or dyn amic air pr essur es 
cr eated in the exhaust duct b y  the oper ation of the ex haust fan. B ased on 
these capab ilities ,  the sensor was used to initiate the vent closur e  opening 
and closing sequences in the following manner: 

1. The exhaust fan begi. ns oper ation, while the vent closur e  damper is  
shut. 

9. �tatir TYrt::>C<'11'r0 nntbin th e o.vha11ct '411/'t a"tin.,- ""'th" hr.�zr.n�nl ,,..,,. 
-· _... ..i..., .t""...__._.._.-. ............ '' ..a..v ........... .._ 11.1..a...a.. _.,,,,..... '-A.UV '-'1.\A.\.I '-"V.l.1....1..f, V.&..L. LI .L.V J..J..V.L...l V .L.l.tU.J. J.Vt; 

of the sensor for ces it to swing up to mak e contact wi th the open 
seq ue nc e  star ter contact. 

3 .  The open sequence star ter contact signals the motor to open the 
closur e  damper . 

4. Opening of the vent closur e  damper causes th e static prestmre w ithin 
the duct to di mi nish, while the dyn amic pr essur e  r esu lting from the 
air fl ow from the exhaust fa n incr ea ses a nd a cts on the ver tical leg of 
the sensor .  This continuous action maintains the contact b etween 
the hori zontal leg of the sensor and the " open" contact. The 
continued contact maintains the vent closur e  damper in an op en 
position. 

5.  Upon deactivation of the exhaust fan, the static and dynamic air 
pr essur es wi thin the duct fall to zer o; the air pr essur e  sensor br eaks 
contact with the "open" contact and falls b ack to its ori ginal position, 
ther eb y mak ing contact with the "close" contact. 

6. The "close" contact signals the motor to r etur n  the vent closur e  
damper to the closed position. 

The sensitivity of the pr essur e  sensor was dependent upon the dime ns io ns 
of the ver tical and horiz ont al legs. The dimensions of the ver tical and 
hori zontal legs wer e  establ ished to allow them to r espond to both dyn amic 
and static pr essur es that would be developed with in the duct by the 
oper ation of an exhaust fan with an air fl ow capacity typical for that size of 
duct. 
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In an effor t to impr ove the per for mance of the vent closur e  system, the 
pr essur e  sensing device and contr olling switches wer e r evised. The 
pr essur e  sensing device was impr oved thr ough the alter ation of the static 
pr essur e  sensing hor izontal ar m to a static pr essur e  sensing polyethylene 
slack diaphr agm (shown in Figur e  5) .  

The use of a slack diaphr agm pr evented air leakage from the exhaust duct 
into the vent closur e  housing, ther eby pr otecting the inter nal cir cuitr y  and 
motor/ dr ive assembly. The slack diaphr agm eliminated the installation 
r elated pr oblems associated with having to install the device perfe ctly 
hor izontal to achieve the r equir ed positioning of the hor izontal static 
pr essur e  sensing ar m. Additionally, the slack diaphr agm pr oved to be far 
super ior at r eacting to lower static pr essur es in the duct, ther eby allowi ng 
the device to oper ate over an incr eased r ange of exhaust fan capacities .  

4.3 Motor and Drive 

The motor selected to oper ate the vent closur e  was or iginally chosen in 
keeping wi th the notion that the system be batter y  oper ated and of low 
voltage . The motor is a 9 volt D C  unit with a two-way, r ever sible clutch. 
The motor dr ive shaft r otates at 2 r pm. The motor and dr ive shaft r otate the 
vent closur e  thr ough an ar c of appr oximately 30° from the open to closed 
positions. The manufactur er' s r ecommended ambient oper ating 
temper atur es of the motor r ange from -20° C to 60° C ;  although the unit was 
capable of oper ating at low er temper atur es. 

The motor dr ives the vent closur e  open and shut by way of a shaft to which 
the closur e  is attached.  The shaft is suppor ted by the motor at one end and 
a beari ng sleeve at the other . 

The motor and dr ive assembly ar e mounted on the frame contained in the 
vent closur e  housing. B oth ar e accessible by r emoving the frame from the 
housing. 

Ultimately, the r edesign of the pr ototype included the r emoval of the batter y  
from the design of the unit. The fi nal pr ototype is power ed by a 9 V to 120 V 
adapter , which is connected to the host house electr ical system. This 
change was necessar y  for many r easons. The oper ating life of the 9 V 
batter y  dur ing the winter months was unacceptably shor t, and frequent 
r eplacements wer e  necessar y. Additionally, a batter y  power ed system was 
not conducive to the use of the photo- electr ical contact and switching 
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circuitry which was designed into the final prototype (as discussed in the 
next section). 

4.4 Control Circuitry 

T he operation of the vent closure system is dependent upon the control 
circuit, which responds to flow/ no flow conditions as detected by the 
pressure sensing vane and slack diaphragm. Figure 6 depicts the origi nal 
control circuit diagram, while Figure 7 depicts the final circuit that 
employs the optical switches. 

T he control circuit was originally mounted on a circuit board along with 
the battery (Photo No. 10). The ass emb ly •.vas atta ched to the mo tor and 
contacts by way of a detachable wi ring harness .  T he circuit and batter y  
assembly was co nta ined in an internal housing in the exhaust duct adapter. 
section. T his  configuration not only minimized the size of the exteri or 
housing, but also placed the circuitry and battery in a relatively warm 
location within the wall assembly when the vent closure dev ice was 
installed. 

Since the change fr om the battery powered system to the 9 V D C/120 V AC 
adapter powered system, the operation of the control C ircuitry is  no longer 
as susceptible to outdoor temperatures as it once was . T herefore , the 
control circuitry is now located in the exterior housing of the device as is 
shown in Figure 3 .  

T he basic logic o f  the original control circu itry was a s  follows. Upon start
up of the exhaust fan, the vent closure damper was closed. T he static 
pressure resulting from the closed condition and the operation of the fa n 
caused the horizontal leg of the pressure sensing device to push up , making 
contact with the circuit contact and starting the "open" sequence.  T he 
motor then powered the vent closure damper to an open position. The 
operation of the motor was halted when the vent closure damper made 
contact wi th another circuit contact which stopped the motor. T he vent 
closure <lam pe r  was main tai ned i n  an open position as the pressure 
sensing va ne was held in position by the dynamic pressure exerted on the 
vertical leg by the exhaust a ir flo w. When the exhaust fan was shut off, the 
air flow ceased; and subsequently, the dynamic and static air pressure 
within the duct fel l to zero- allowing the pressure sensing vane to drop 
back to its original position. Upon returning to its original position, the 
vane made contact with another circuit contact that signal ed the motor to 
reverse and close the vent damper. When the vent damper returned to a 
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� losed position, the damper made contact with another circuit contact that 
stopped the motor from operating. The v ent closure dev ice then remained 
closed until the next time the exhaust fan started to operate. 

As noted during the fi eld testing, there were contact related problems 
experienced that sometimes caused the devi ce to operate erratically. 
Additionally, it was suspected that the contacts were susceptible to icing, 
which limited their capability to sense the location of the v ent closure. 
There was also a problem relat ing to the positioning of the contacts, which 
sometimes resulted in the motor running on in an attempt to either close or 
open the damper whenev er a positiv e  contact was not established as a result 
of the location of the contacts. 

The original contacts hav e been replaced with inexpensiv e  photo- optical 
switches ,  which rely on the interruption of an in tegral beam of light to 
signal a contact. There are three optical switches in the devi ce. O ne swi tch 
is  located abov e th e slack diaphragm static pressure sensor. When the 
static pressure in the duct increases, the slack diaphragm pushes a sh aft 
up through the optical swi tch wh ich interr upts its integrated light si gnal . 
Thi s inter ruption initiates the " open" sequence. of the dev ice. The damper 
is held in the open position by the action of the dynamic pressure v ane 
which mai ntains the position of the shaft in the optical switch. The damper 
is mov ed to the open position where a cam, located on the driv e shaft, 
interrupts another optical switch to signal the motor to stop the damper in 
the open position. The damper remains open until the exhaust ai r fl ow is 
stopped, and the slack diaphragm and dynamic pressure v ane falls b ack 
into resting position, thereby allowing the shaft to break contact with the 
optical switch abov e. T his action initiates the "close" sequence, which 
continues until the damper is shut and the cam located on the driv e shaft 
makes "contact" with the thi rd optical switch to signal the damper to stop 
in the closed posit ion. 
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5.0 PERFORMANCE CHARACTERISTICS 

The v ent cl osure d ev ices were subj ected to both l aboratory and fiel d testing 
in order to determine performance characteri sti cs and any needs for 
fu rther desi gn dev el opment. The foll owing secti ons iterate the observ ations 
made during the two phases of testing. 

5.1 Phase I: Laboratory Testing 

Tests were performed on the two original v ent cl osure damper systems to 
establ ish the foll owing parameters: 

• the mi nimu m  a moun t  of air flow necessary to initiate the "o pen" 
seq uence and to maintain the damper in an open posi tion, and 

• the rang e of neg ativ e house pressures that coul d  be dev el oped by the 
operation of other exhaust appli ances (e .g ., cl othes dryers, fu rnaces, 
domestic hot water heater s, ce nt ral v acuum systems, etc . )  un der 
which the v ent cl osu re dev ice woul d  conti nue to operate effectiv ely. 

F ig ure 8 depicts th e apparatus used to determi ne the aforementioned 
performance characteristi cs. 

The fi rst test perfor med determined the mini mum amount of air fl ow 
req uired to open each of the v ent cl osure dev ices .  Typ ically, 150 mm 
ex ha us t  du cts ar e size d and inslalled for exhaust fa ns hav ing a capaci ty 
gr eater than 50 L/s; whil e R� mm x 254 mm ducts are mos t commonl y  us ed 
for rangehoods,  which hav e exh aust capaciti es rang ing from 40 to 100 Li s .  
E xperience has  prov en tha t rangehoods typicall y operate at 50  to  75  L/s . 

The ' initiation' flow rate required to open the dev ices was heav il y  d ependent 
upon the size  and orientation of the pressure sensing v anes. B ased on the 
size of v ane fi nally used in the cl osu re systems, the 150 mm dev ice coul d  be 
made to operate at air fl ow rates in the order of 45 L /s . The 89 mm x 
254 mm dev ice  ope ne d  at u.u u ir fl ow ra te of 30  L/s. It is imµu rl ant t o  n ote 
that both these  air fl ow rate s a re withi n  the acceptable ra nge of air fl ow that 
woul d  actuall y be  found in ducts of these sizes. 

The second test  conducted was performed to establ ish the performance 
tol erance of the v ent cl osure systems under different "house" pressure 
reg imes.  This type of information was considered necessary, as the abil ity 
of the pressure sensing v ane to effectiv el y i ni tiate the "open" seq uence was 
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l ikel y  to be affected by n eg ativ e house pressures produced throug h  the 
operation of other air con suming appl ian ces typicall y foun d  in houses .  

Throug h  the use of the apparatus depicted in F ig ure 8, the prototype air 
v en t  closure systems were conn ected to a v ariabl e speed ex haust fan, which 
was conn ected to the pressure chamber. The pressure chamber was used 
to simul ate the "house" . B y  v arying the pressure between t he in side an d 
outside of the chamber to simul ate differen t l ev el s  of n eg ativ e house 
pressures,  the amoun t  of ex haust duct air flow n ecessary to in itiate the 
"open "  seq uen ce of each dev ice was determin ed.  

The 89 mm x 254 mm devi ce woul d  operate eff ectiv el y with the foll owing 
ex haust fan fl ow rates up to the lev el of the n eg ativ e house pressures 
in dicated .  

Fan Flow rate 

44 Us 
51 Us 
57 Us 

Maximum House Depressurization 

12 Pa 
22 Pa 
30 Pa 

I t  is g en erall y accepted that "n aturall y" occurring n eg ative house 
pressures usuall y do n ot ex ceed 10 P a. M echan ically in duced n eg ativ e 
house pressures typicall y do n ot ex ceed 20 P a . This being the case, it can be 
con cl uded that the 89 mm x 254 mm v en t  cl osure devi ce will operate 
effectiv el y within these pressure reg imes as l ong as the air fl ow rate 
throug h the dev ice is n ot l ess than 50 L/s. As men tion ed earl ier, thi s l ev el 
of fl ow r ate is in keeping with the type of ex haust appl ianc e that would 
req uire a 89 mm x 254 mm ex haust duct; therefore , it can be con cl uded that 
the 89 mm x 254 mm v en t  cl osure dev ice will perform satisfactoril y  in these 
appl ication s .  

The 150 mm v en t  cl osure system was al so ev al uated in thi s mann er with 
the foll owing resul ts: 

Fan Flow Rate 

44 Lis 
48 Lis 
55 Lis 

Maximum House Depressurization 

5 pa 
a pa 

20 pa 

Ag ain, this test rev eal ed that the 150 mm v en t  cl osure syste m  coul d  operate 
within the rang e of n eg ativ e pre ssures typicall y foun d  in houses as l ong as 
the air fl ow rate throug h  it was in the order of 55 L/s .  As ex haust systems 
req uiring 150 mm ducts usuall y operate wi th air fl ows ex ceeding 55 U s, it 
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is expected that the 150 mm vent clo sur e  system will also o per ate 
satisfa ctor ily in all applicatio ns .  

5.2 Phase II: Field Testing 

5.2.1 Kitchen Rangehood Installation 

The follo wing table do cuments o bser vatio ns co ncern ing the o per atio n o f  the 
air vent clo sur e  system installed in the vent hoo d  o f  a standar d k itchen 
r angehoo d exhaust sy stem. The r angehoo d was lo cated o ver the kitchen 
sto ve o n  an o utside wall. The r angehoo d was vented dir ectly o utdoor s 
thro ugh a four- inch, deep framed wall. Air flo w measur ing tests 
performeci on t.hP. r�rngehood indicated that the exhaust f an was capabl e of 
exhausting air at a r ate o f  30 to 35 U s  o n  lo w speed and 80 U s  o n  hig h speed 
o per atio n. 

Table 1 . 0  do cuments the no tes made o ver the co ur se o f  the field tes ting o f  the 
vent clo sur e  device. It sho uld be no ted that the vent clo sur e  was ro utinely 
cycled o pen and sh ut r eg ar dless o f  whether or no t the r angehoo d was 
actually r equir ed b y  coo king activity. 
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Table 1.0 Rangehood Observation Log 

Outdoor No. of 
Date Temoerature Cvcles Time/Cycle Comments 

February 20, 1993 -22° c 3 5 sec. • OK-new battery instal led. 
February 24, 1993 -20° c 3 10 sec. • OK 
February 24, 1993 -20° c 1 10 sec. • Closure damper frozen shut. H igh-

speed fan operation required to open 
damper. 

February 25, 1993 -18° c 2 1 O sec. • Closure frozen shut - had to be manually 
opened. Frozen conde nsation visible 
inside duct. 

February 25, 1993 -18° c 5 1 O sec. • OK - all speeds opened closure device. 
February 25, 1993 -20° c 1 10 sec. • OK 
February 26, 1993 -10° c . 1 10 sec. • Ice formed between vent damper gasket 

and housing fre ezing the unit shut. 
Clutch slipped during operation. 

February 2 7, 1993 -10°C 1 15 min. • Ice on vent damper prevented closure 
device from opening for 15 to 20 
seconds from start. 

• Ice h eld dynamic pressure sensing 
valve in "open" position - temporarily. 
U n it closed two minutes after range hood 

March 1 , 1993 -40 c 2 
fan operation was ceased. 

10 sec. · OK 
March 2, 1993 -6° c ·2 1 O sec. • OK 
March 3, 1993 -3° c 2 10 sec. • OK 
March 4, 1993 -40 c 2 10 sec. • OK 
March 5, 1993 -14° c 1 5 min. • OK 
March 7, 1993 -16° c 2 30 sec. • Dy namic pressure sensing van e frozen 

in "closed" pcsition and would not allow 
device to open for t h e  one m i nute off an 
operat ion required to defrost t h e  unit. 

March 7, 1993 -15° c 0 0 • Dead battery 
March 7, 1993 0° c 2 30 sec. · OK 
March 8, 1993 -2° c 5 30 sec. • OK 
March 8, 1993 -2°C 1 15 min. • OK 
March 9, 1993 0° c 3 30 sec. · OK 
March 10, 1993 -7° c 3 30 sec. • OK 
March 11, 1993 -17° c 1 10 min. • OK 
March 11, 1993 -17° c 1 15 min. • Closure iced s hut. 2 minutes of 

conti nuous fan operation required to 
defrost unit. 

March 12, 1993 - 0 0 • Dead battery 

March 17, 1993 -13°C 4 10 sec. • Duct air tem pe rature 4° C/room 
temperature 16° C 

• Operat ion OK 
March 18, 1993 -19° c 3 10 sec. • Duct air temperature -5° Clroom 

temperature 16° C 
• Operat ion OK 

March 19, 1993 - 11° c 4 15 sec. • OK 
March 20, 1993 -2° c 4 10 sec. • OK 
March 21, 1993 -2° c 3 10 sec. · OK 
March 21, 1993 -5° c 1 15 min. • OK 
March 22, 1993 0°C 2 1 O sec. • OK 
March 24, 1993 0°C 3 1 O sec. · OK 
March 26, 1993 0° c 1 10 min. • OK 
March 2 7, 1993 10° c 3 1 O sec. · OK 
March 29, 1993 0°C 1 12 min. • OK 
March 30, 1993 0 0 • Dead battery 
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Table 1 .0  documents the obs er vati ons noted r egar di ng the oper ati on of the 
air vent closur e  s ystem over the life span of thr ee batter ies. The firs t battery 
device operated ove r a peri od of 16 da ys, duri ng whi ch time i t  power ed the 
vent closur e  devi ce thr ough 19 cycles.  

The outdoor temper atur es duri ng the fir st half of the fir st batter y' s li fe wer e 
qui te cold, r angi ng from dayti me hi ghs of -15 ° C to nighttime lows of -30° C.  
It  was dur ing the cold peri ods that the vent c losur e  device had the most 
diffi culty with either the vent damper freezi ng s hut (i . e. ,  the damper gasket 
would freeze to the vent clos ur e hous ing), or the air pr essur e  s ensi ng vane 
freezing in the " damper shut" posi tion. 

When the vent damp er was frozen shut and the air pr essur e  sensi ng vane 
was opP.r8t.iw�, operalion of the ta ngehoo d fan caused the v ent closure 
device to attempt to open. Air pr essur e  i n  the duct was gener ally suffici ent 
to initi ate the "open" sequence by engagi ng t he "o pen" contact loc ated above 
the vane in the housing of the device and dis engagi ng the " end closure" 
contact located on the vent damper its elf. This series of acti ons wou ld caus e  
the motor to conti nue i ts attempts to open the closur e  damper (desp ite the 
damper bei ng i ced shut). Su bsequ ently, the motor dri ve clu tch would s li p  
u ntil the ra ngc hood fa n  was deactivated. Unfor tunately,  the fai lur e of the 
vent clos ur e  device to open could not be detected fr om insi de the hous e for 
this par ti cular ins tallati on. An outdoor vis ual i ns pecti on would be r equir ed 
to confir m  the vent damper status . 

In sever al inst ances ,  oper ati on of the r angehood fan was s uffici ent to war m  
the interi or of t he o uter housi ng of the vent closur e  d evi ce to the poi nt w her e 
frozen condensate melted and the vent damper opened freely. G ener ally, 
ex cept under sever e  ici ng condi tions , the vent damper opened after one or 
two minutes of r angehood fan oper ation. D ur ing the "war mi ng" peri od, 
the vent closur e  device motor conti nuously attempted to open the devi ce 
r esul ting i n  high batter y  power consumption and clutch wear. 

Fr eezing of condensate withi n the vent closur e  device inter mi ttently caus ed 
pr oblems with the pr ess ur e  s ensi ng vane and, possi bly, the r elated cir cui t 
con.tads. The v ane was found frozen in th e "shu t" pos ition on s ever al 
occasi ons . This r equir ed r angehoo d o per ation or manual i nterv enti on to 
corr ect. In one ins tance , th e pr ess ur e  sensing vane froze i n  the vent " open" 
posi tion, whi ch pr evented the vent closur e  from shu tting when the 
r angehood fan was deactiv ated. This occurr ence was s omewhat 
unexpected, as ther e was a conti nuous flow of war m  exhaus t  air over the 
vane which should have pr evented any condensate depos ited on the vane 
from freezi ng. The s ituati on corr ected itself when the vane dr opped back to 
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the vent "close" position one or two minutes after the r angehood fa n  was 
deactivated. 

T he s econd batter y  oper ated the vent closur e  device over a disappointing 
per iod of 6 days, dur ing which time it cycled the device open and shut 
16 times. The outdoor temper atur e  dur ing this per iod was r elatively mild;  
and, s ubsequently, ther e wer e  no oper ational pr oblems. After the 
pr ematur e  expir y  of the batter y, the vent closur e  device was r emoved from 
the fi eld for evaluation. A s hor t cir cuit in t he contr ol wir ing was 
pr esumably r esponsible for the shor t  batter y  life. The s hor t cir cuit most 
likely o ccurr ed wher e the contr ol cir cuit wir ing leaves the cir cuit boar d. At 
this location, the expos ed ar eas of the wire s could contact one another if the 
wir ing har ness  was twisted or shar ply folded (which was sometimes 
r equir ed to make the cir cuit boar d  fit into the compar tment within the vent 
closur e  housing when the devi ce was assembled or the batt er y  was 
c� anged) . E ffor ts wer e under taken pr ior to r eplacing the unit' s  b atter y to 
pr event such shor t  cir cuiting fr om occurr ing by pr oviding mor e clear ance 
between the wir es leaving the cir cui t boar d. 

T he thir d batter y was able to cycle the vent closur e  device 29 times over 
14 days . T he outdoor temper atur e  r anged from - 19° C to 0°  C thr oughout 
the testing, with a high temper atur e of 10° C being r ecor ded. D ur ing this 
time per iod, the vent closur e  devi ce oper ated effectively with no pr oblems 
noted. The r elatively shor t  batter y life was again likely attr ibutable to a 
wir ing shor t, as the wir ing from the contr ol cir cuit boar d  was again folded 
in such a manner as to allow some of the wir es  to contact one another . This 
pr oblem has since led to r econsider ation of the manner in which the contr ol 
cir cuit ,  contact switches ,  and vent motor ar e connected. 

Temper atur e  measur ements taken j us t  inside the vent damper itself 
r evealed that, given an indoor air temper atur e  of 16° C and an outdoor 
temper atur e  of - 13° C ,  the air temper atur e  within the duct could be 
maintained at 4° C. It should be noted that the pr ototype did not yet have 
any insulation incor por ated into the design. When the outdoor temper atur e  
dr opped to - 19° C ,  the temper atur e  j ust inside the vent closur e  damper was 
found to be -5 ° C .  

T he batter y  fa iled unexpect edly ear ly, leading to  suspicions that cir cuit 
r elated pr oblems wer e agai n  at fault despite the attempts made to isolate 
the wir ing. 

Wh en the vent closur e  devi ce oper ated without inter fer ence from ice, the 
unit quickly opened upon r angehood fa n  activation and closed immediately 
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upon fan shutdown. The device held the vent damper secur ely shut and 
pr evented cold draft s from developing ar ound the ar ea of the stove. 

5.2.2 Range Cooktop Exhaust System Installation 

The second vent closur e  device, the 150 mm 0 model, was installed at the 
vent ter mination of a cooktop ventilation system (similar to a J ennair e  
installation- see Photo 1 1). The vent closur e  device was fi tted wi th an 
independent counter cir cuit and vent damper position indicator cir cuit. 
Thi s device was installed to allow the oper ator to quick ly r ecor d  the number 
of cycles obtained per batter y  and to confir m  the corr ect oper ation of the vent 
closur e  device. 

Table 2.0 documents the basic time fr ame of battery life ver sus the number 
of open/ close cycles r ecor ded. 

Table 2.0 

Date Number of Cvcles 

January 18, 1993 to February 28, 1993 78 
March 1, 1993 to March 31, 1993 43 
Aoril 1 1993 lo Aoril 23 1993 22 

The following points r epr esent the comment s  the homeowner made 
concer ning the air vent closur e  device' s  operation. 

• The unit ex per ienced a decr easing batter y  lifespan despite the 
gener al over all war ming of the weather . 

• A few pr oblem s wer e  exper ienced wher e  the vent closur e  dev ice 
was not onl y frozen shut, but also tended to fr eeze open due to ice 
for ming on the pr essur e  sensing vane dur ing continuous 
oper ation. 

• D ur ing cu lu wea ther oper ation, the vent cl osur e  dev ice 
exper ienced instances where the un it would not open 
im mediately. This was either due to the pr essur e  vane failing t o  
activate the contr olling circuit because of ice for ming on the vane 
or to the vent closure damper being fr ozen to the housing of the 
unit. 
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6.0 PERFORMANCE AND TESTING ANALYSIS 

The testing of the two air vent closur e  devices could be consider ed a success, 
as the infor mation gather ed r egar ding the actual physical and oper ational 
char acter istics of the devices was extr emely useful in the development of 
fur ther r efinements to the design of the devices .  Additionally, the basic 
concept and feasibility of a wor k able, r emotely activated, r esidential vent 
closur e  device was adequately demonstr ated. 

The following points r epr esent a summar y  of the obser vations noted to date 
r egar ding the physical and oper ational char acter istics of the 89 mm x 
254 mm and the 150 mm diameter ver sions of t he air vent closur e  systems: 

1. The batter y  life was r elat ively li mited given 3 to 4 week s' winter 
oper ation. 

2. The actual vent dam per ex per ienced r egular icing r elated 
pr oblems dur ing cold weath er .  

3. Th e static/ dyn amic air pr essur e  sensing vane exper ienced ic ing 
and contact pr oblems duri ng cold weather . It was suspected th at 
th e " end" contacts located on the closur e  device housing also 
exper ienced contact pr oblems , which may have caused pr ematur e  
fa ilur e  of the batter y. 

4. The vent closur e  status was not r eadily appar ent to the fa n  
oper ator . O utdoor inspection was r equir ed to ver ify oper ation and 
position of the damper . 

5. The vent closur e  devices wer e  capable of r esponding appr opri ately 
and r eliably to the oper ation of the exhaust fa ns concer ned, 
notwithstanding the afor ementioned pr oblems. 

G iven these obser vations,  th e following conclusions wer e made. 

1. It was deter mined th at the disadvantages of a batter y  oper ated 
ven t  closur e  device far outweighed the advantages .  B atter y life in 
cold conditions, batter y  changing pr ocedur es, batter y status, and 
th e limitations imposed on the contr ol cir cuitr y  and contacts 
thr ough the use of a batter y  effectively r uled out a batter y  pow er ed 
option for the vent closur e  device. Ther efor e,  fur ther r esearch 
and design was then conducted on th e ver sion of vent closur e  
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device usi ng a 120 V AC household supply via a common 9 V 
D C/120 V AC adapter . 

The change of power sour ce allowed the development of a devi ce 
that would not be temper atur e  dependent; would r equir e  li ttle 
attenti on on the par t  of the end user ;  and would allow for the use 
of opti cal switches to contr ol the various sequences of the device. 
To thi s end, all desi gn and development effor ts wer e  then center ed 
ar ound the use of the 9 V D C/120 V AC adapter power supply. 

2 .  The fr eezi ng o f  the actual vent clo sur e  damper to the housi ng i s  a 
pr oblem that has not yet been completely solved. It was found that 
the foam air seali ng gask et adher ed to the peri meter of the vent 
damper would freeze to the housing when the da mper was closed. 
The i ndoor moi stur e  i n  the air was able to condense and fr eeze at 
this poi nt, thereby causi ng the pr oblem no ted. The r efined 
pr ototype of the vent damper and housi ng i s  constr ucted of 
fibr eglass;  and i t  i s  hoped that frozen condensate will not adher e  
to the sur faces of the devi ce .  Insul ati ve materi al has b een 
i ncor por ated i nto the desi gn of the vent closur e  devi ce i n  an effor t 
to pr event duct temper atur es a nd surfaces from fa lli ng below the 
freezi ng poi nt. Addi ti onal field testi ng will be r equir ed to confirm 
thi s appr oach. 

3 .  The pr oblems associ ated wi th the curr ent i ntegr ated stati c  and 
dynamic air pr essur e  sensi ng vane led to the development of a 
mor e  r efined desi gn.  Si nce the curr ent design would allow the 
vane to fr eeze to the duct or the contacts to be cover ed by i ce or 
moi stur e, a new desi gn has been developed that will pr event thi s 
from happening. Al though the concept i nvolves the conti nued use 
of a ver ti cal vane i n  the air str eam to detect dynami c pr essur e, the 
stati c  pr essur e  sensor has been modi fied to use a polyethylene 
" slack di aphr agm" to sense the stati c  air pr essur e  i n  the duct. 
Thi s  appr oach allows the vane to oper ate i n  such a manner that i t  
never comes i n  contact wi th the duct except at i ts hi nge (whi ch 
has not been a problem point). The m�e of a slack diaphragm has 
an added advantage ; i .e . , ihe air flow from the duct thr ough the 
housi ng of the air vent closur e  device will no longer b e  r equir ed. 
The confinement of the exhaust air str eam to the duct will pr event 
moi stur e, gr ease, or dust bui ldup on the contr ol cir cuitr y  and 
contr ol contacts located wi thi n  the device's housi ng. 
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The "end" contacts of the contr olling cir cuit wer e r eplaced with 
optical switches .  This change was possible due to the change of 
power sour ce from the 9 V D C  batter y  to the 9 V D C/120 V AC 
power adapter . The use of optical switches offer s many 
advantages over the or iginal dir ect contact appr oach to switching. 
The dir ect contacts wer e  suspected to have been pr one to ice 
buildup, which r educed their ability to mak e an effective contact. 
Additionally, the adjustment r equir ed to locate the individual 
contacts r elative to one another will no longer r epr esent a ser ious 
pr oblem. The optical switches wer e  located within the vent 
closur e  housing and, as such, will be pr otected from the outdoor 
elements and indoor exhaust air . Optical switches will be used to 
detect the static pr essur e  r ise in the duct due to exhaust fan 
activation and to stop the dr ive motor when the vent damper has 
either completely opened or closed. 

4. Although the chang e  of power sour ce will undoubtedly mak e the 
vent closur e  device much mor e r eliable than the or iginal device,  it 
would be advantag eo us to include a "status" indicator for the vent 
position. T his  will pr ovide feedback to the homeowner as to 
whether or not the vent closur e  device has opened or closed at the 
appr opriate times .  
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7.0 ADDIDONAL RESEARCH AND DEVELOPMENT REQUIREMENTS 

Giv en the per for mance and physi cal char acteris ti cs of the v ari ous pr ototype 
v ent closur e  devices fa bri cated to date, sev er al di ffer ent aspects of the dev ice 
r equiri ng mor e r esear ch and dev elopment effor ts to fur ther r efine the 
concept hav e been i denti fied. 

7.1 Vent Closure Materials 

D uri ng the testi ng of the pr ototypes, the actual closur e  damper became 
frozen to the v ent closur e  housi ng due to the freezi ng of condensate on the 
i nsi de of the damper . The pr oblem pr obably occurr ed as a r esult of the 
free7,ing and adhesion of the gasket mater ial used to pr ovide the seal 
between the damper and housi ng. 

At this ti me, the pr oblem has not been fully r esolv ed. The types of mater ials 
av ai lable for gaskets all appear to be suscepti ble to thi s  type of pr oblem. 
Notwi thstandi ng the dev elopment of a "non-sti ck "  gask et mater ial , it is  
env isioned that the gasket wi ll be  dr opped from the desi gn. The seal 
between the v ent closur e  damper and housi ng will r ely i nstead upon the 
dir ect connecti on of the two surfa ces. Adhesi on of the two surfa ces due to 
fr eezi ng condensate may be allev iated by the use of polyethylene or other 
si milar non-sti ck mater ial for the v ent closur e  damper and housi ng. Thi s 
concept will hav e  to be fur ther dev eloped by pr oduci ng the appr opr iate 
secti ons for cold weather testi ng. 

7.2 Power Adapter Installation Particulars 

Giv en the change of the desi gn from a fully i ndependent, batter y  powered 
devi ce to a devi ce that r eli es upon a connecti on to the host house electr ical 
system; i ts i nstallati on will not be as str ai ghtfor war d. A r oute for the 
electr ical connecti on between the dev ice and a 120 V outlet wi ll be r equir ed. 
Addi ti onal wor k  will hav e to be per for med to deter mi ne how the connecti on 
can be fa cili tated by the design of Lhe device. 

Desi gn modi ficati ons to accommodate a power cor d  path wi ll be r equir ed. 
It i s  li k ely that th e low v oltage wir e  fr om the devi ce wi ll be fed back from th e 
devi ce thr ough the duct. The wir e could then be r un from the duct to a 
conv eni ent 120 V outlet. For i nstallati ons i n  exposed header ar eas or for 
new constructi on i nstallati ons,  the power connecti on wi ll not r epr esent that 
much of an obstacle for the av er age homeowner /i nstaller . Installati ons i n  
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such locations, where the exhaust duct is contained within a finished cavity 
(such as a joist space) ,  will be slightly more difficult both in terms of feeding 
the power wire and utilizing a convenient 120 V outlet. 

7.3 Field Testing of Final Design 

Although the final design of the vent closure damper system has been 
" shop" tested to confirm the operational performance of the new circuit and 
switching systems, the refined device has not been field tested because this 
was beyond the scope of the original project. 

The performance of the optical switching system, the static pressure 
diaphragm, and the fibreglass housing-particularly under cold weather 
conditions-must be determined to confirm the success  of the final design. 
The field test will also allow for an assessment of the installation related 
difficulties that may be encountered. 

7.4 Potential for Battery Operation 

Although the refined design of the vent closure damper system utilizes 
power from the host house, the potential opportunity to return to the use of a 
D C  battery cell within the new circuitry should be determined. 

As originally contested, the use of a battery to power the device has many 
advantages in terms of ease of installation, compactness of design,  and the 
independence of the device from the host house electrical system. 
Unfortunately, the cold weather testing of the original prototypes suggested 
that the expected life of a battery operated system would be unfavourably 
short. Additionally, the use of power consuming optical switches in the 
refined control circuitry would consume battery power at all times. It is 
proposed that additional research may be worthwhile to resolve these 
problems so that a battery could be used to power the system. 

Insulating the entire closure device (particularly the battery compartment) , 
while still allowing relatively warmer duct air into the battery 
compartment may prevent the battery from becoming sufficiently cold 
enough to impair the device ' s  performance . 

The issue of the continuous power draw of the optical switches will take 
more effort to resolve. It may be possible to develop an "initiation" sequence 
that would allow the optical switches to be unpowered during periods of 
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inactivity. Upon the activation of the exhaust fan, a switching circuit would 
sense the static pressure rise in the closed duct and, in turn, activate the 
battery powered circuit and the optical switches .  The vent closure device 
would then operate normally until the exhaust fan was deactivated and a 
decrease in the exhaust duct of the static and dynamic pressures initiated a 
"power down" sequence to deactivate the optical switches .  Further 
electrical engineering will be required to determine the feasibility of this 
concept, but is the opinion of the design team that it would be well worth 
performing due to its implications on the vent closure system's design,  
operation, and installation consi ciP.rHti on s .  

7.5 Extended Applications of the Vent Closure Device 

Over the course of the research and development of the vent closure device 
prototypes, other potential applications for the technology were realized. 
Modified versions of the device may eventually prove to be  useful in 
combustion air delivery systems for fuel fired equipment. Additionally, the 
technology employed in the device may have direct applications in the 
control of building pressures through its integration into make-up air 
systems .  

It should be  noted that, while the technology developed for the vent closure 
device may prove useful in such applications , no effort has yet been made to 
examine the true potentials .  For instance, the need for dainper systems in 
such applications to be "fail safe" would have to considered. Presently; 
there is no such consideration in the damper for the vent closure device, as 
the failure of the device would only represent an inconvenience as opposed 
to a threat to the health of the building's occupants . In order for the device 
to be adapted to make-up air systems, the sensitivity of the device would 
have to be improved to be operable in the 5 to 20 pascals range. Again, the 
device would also have to be "fail safe" .  The measuring point(s) for the 
static pressure differential between indoor and outdoor pressures would 
have to be optimized; as a simple,  duct mounted sensor would be susceptible 
to wind and other location related pressures that may not be indicative of 
Llie Lrue, average indoor-to-outdoor pressure differentials. 

Although much work would remain to adapt the technology to such 
applications, the potential benefits in terms of increased occupant comfort 
and system control would tend to make the endeavour worthwhile .  
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8.0 COMPARISON OF VENT CLOSURE OPTIONS 

Table 3 provides a qualitative comparison of the vent closure device and two 
of the more conventional approaches to vent closing devices. 

Table 3 :  Evaluation of Closu re Devices 

Vent Clos u r e  B arometric Damp ers E l ectric Damp ers 
D e vice ( Hood Mount Tvoe) 

PH YSICA L 
Material Fibreglass Polyethylene Plastic Sheet Metal Sheet Metal 

Power 9 V DC from 1 20 V AJC None 24 V AC and 1 20 V AC 
Source 

Available Size (Non- 1 00° , 1 so0 , 1 OO" , 1 50" 1 25, 1 50 ,  200 
Custom) 89 x 254 1 75,200, 89 x 254 

O PERA TIONA L 
Operation Power Open/Power Shut Barometrically Power Open/Spring 

Opened/Closed Return 

Controls Sett-Contained None Wired to Control Circuit 
Static/Dynamic of Exhaust Fan 
Pressure Sensing 

Airtightness Good Poor-Good Good 
Reliabil ity Good Poor Excellent 

INS TA L LA TION Easy with Minor Easy More Difficult as Control 
Difficulties for Power Wiring is Complicated 
Wiring 

COST (Installed} $ 1 00 Less than $ 25 $ 1 50 to $ 200 

It is apparent from Table 3 that the vent closure device effectively fills the 
niche between barometric dampers and a typical example of conventional 
motorized damper assemblies .  Although the barometric dampers have a 
low initial cost and are easily installed, their performance in terms of 
consistency of airtightness is universally poor. Typical problems include: 
poorly fabricated components that do not fit closely together when the 
damper is shut allowing air leakage; inconsistent performance from 
damper to damper with respect to the ability of the damper to open and close 
effectively; static pressure drop across dampers that do not completely open; 
failure to prevent air leakage when shut; and susceptibility to pressures 
caused by stack effect, wind operation, and other air consuming devices .  
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The conventional , motorized damper assembly represents a significant 
improvement over the barometric damper. These devices are most often 
powered open by a 24 V AC motor and held open by lhe motor operating in a 
permanent stall condition (i .e . ,  the motor continues to try to open the 
damper even though the damper has reached its maximum open position). 
The properties of AC motors allow them to operate in such a fashion 
without damaging the motor. When the damper shuts , power is cut to the 
motor, and a spring returns the damper to a closed position. The dampers 
can be wired in such a manner to allow the motor to operate in the 
permanent stall mode to keep the damper shut. When power is cut to the 
motor, the spring moves the damper to an open position. Such 
configurations are used when a "fail safe" condition is required. 

The cost, availability, and installation considerations have prevented the 
conventional motorized dampers from gaining universal acceptance. The 
installed costs of such systems are typically in the range of $150 to $250 , 
which proves to be prohibitive when compared to barometric dampers .  
Additionally, the installation usually requires the talents of an electrician 
to wire the transformer to power the damper and the controls to the exhaust 
fan. Furthermore, as most exhaust equipment is CSA approved, field 
modifications cannol be performed to the exhaust fan circuitry to allow for 
the connection of control wiring from the exhaust fan to the vent closure . 
Independent flow switches or voltage detectors must be installed to detect 
the operation of the exhaust fan to signal the vent damper to open. Such 
requirements further complicate the installation. 

Given the issues that affect conventional motorized dampers , the vent 
closure device offers some distinct advantages .  The proj ected cost of the 
device is expected to be reasonable at $100.  The self-contained exhaust fan 
operation sensing system greatly simplifies the installation procedures to 
merely finding (or providing) a convenient location to "plug" the device into 
the 120 V supply of the host house. It is expected that the device will be 
readily available in all the conventional exhaust hood sizes, as there arc no 
obstructions within the duct that would seriously affect exhaust air flow. 
(It should be noted that the conventional motorized dampers are only 
available down to a 125 mm diameter leaving the 100 mm bathroom exhaust 
ducts without motorized alternatives) .  
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9.0 CONCLUSIONS 

Overall, the project to develop an innovative vent closure device can be 
considered a success. The two,  initial prototypes developed demonstrated 
the feasibility of a self-actuated, independent (notwithstanding the power 
supply) vent closure device that is not only inexpensive, but also is easily 
installed. Upon further refinement of the design, the device will potentially 
represent a viable alternative to conventional barometric and motorized 
dampers.  

One of the most important successes of the project concerned the design of a 
reliable control and switching strategy. Over the course of the project and 
the development of the controls,  the emphasis evolved from that of a 
mechanical design (which was demonstrated in the first vent closure 
device) to a sophisticated,  yet simple and relatively inexpensive electronic 
circuit. The first electronic circuit, which relied upon physical contact 
switches,  performed reasonably well but proved to have several faults both 
physical and operational in nature . These faults , realized during the field 
testing, led to the development of the circuitry that now controls the most 
recent 100 mm diameter prototype. The controlling circuit is not sensitive 
to operational irregularities as was the original control circuit. The refined 
design is capable of determining what position the damper should be in 
based on the status of the exhaust air flow in the duct only, thereby making 
the controls and entire vent closure system relatively insusceptible to 
irregularities in the exhaust fan operation. 

The rugged, solid-state design of the control circuit has no moving parts, 
thereby eliminating the circuitry from maintenance considerations . The 
circuitry and dynamic and static flow sensors have proven to be sufficiently 
sensitive to the range of air flow expected from typical exhaust fan 
operation to allow them to be universally applied to all sizes of vent closure 
dampers , thereby optimizing the entire system in terms of product costs 
and assembly efficiency. 

Further refinements to the design of the device will be required to optimize 
performance and cost considerations . The success of such efforts will have 
a direct impact on the future acceptance of the device as a realistic 
approach to sealing off exhaust duct vent termination points . 
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1 .  89 m rn x 254 m rn Vent Clos u re Device 

2. Exploded View: 89 mm x 254 mm Vent Closure Device 
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3.  Exploded View: 8 9  m m  x 254 m m  Device 

4. 1 50 mm 0 Vent Closure Device 
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9 .  Exploded View: 1 00 m m  0 Device 

1 0 . Orig inal Co ntrol C i rcuit with 9 V Battery 
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1 2. 89 m m  x 254 rn m I nsta l lat ion at 
Range hood 

1 1 .  1 50 m m  0 I nstal lat ion o n  Jen na i re Out l et 
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