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Canada Mortgage and Hous ing Corporation , the Federal Government ' s  

housing agency , i s  re sponsible for admini s tering the National 

Hous ing Act . 

The legi s lation i s  desi gned to aid in the improvement of hous ing 

and living conditions in Canada . As a result ,  the Corporation 

has intere s t s  in a l l  aspects of housing and urban growth and 

development . 

Under Part V of thi s  Act , the Government of Canada provides funds 

to CMHC to conduct res earch into the social , economic and techni­

cal aspects of  housing and related field s , and to undertake the 

publi shing and distribution of  the results of  thi s  research . 

CMHC therefore has a s tatutory respons ibility to make widely 

avail able , inf ormation whi ch may be useful in  the improvement of 

hous ing and l iving conditions . 

Thi s  publi cation is  one of the many items of  inf ormation 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

ABSTRACT 

A research project was conducted to find and evaluate remedial measures for combustion 
venting problems with gas-fired appliances. It was hoped to find measures that held promise 
for near- to mid-tenn commercialization. The project was one three projects conducted by a 
mu/ti-disciplinary team of scientists and engineers to investigate combustion venting 
remedial measures for several types of combustion appliances. The research represents one 
sub-project in an overall project to investigate residential combustion venting failure. 
Three remedial measures for gas-fired appliances were evaluated and were found to hold 
varying degrees of promise for near- to mid-tenn commercialization. The measures evaluated 
were temperature-dependent spill switches, a prototype draft assisting chamber and a draft 
inducing fan. No attempts were made to evaluate issues such as long tenn durability, or 
compliancies with codes and standards. 
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Thi s pro j ect wa s funded by the Canada Mortgage and Hous ing 
Corporation and the Pane l for Energy Research and Deve lopment 
(FERD) , but the views expre s s ed are the personal views of the 
authors , and neither the Corporation nor FERD ac cepts respon­
s ibility for them . 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

EXECUTIVE SUMMARY 

This project summanzes the findings of an effort. to evaluate remedial measures for gas-fired 
appliances experiencing combustion venting problems. This remedial measures research is one 
of seven sub-projects of an overall project entitled -

RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

Following a literature search to identify potential remedial measures, two or three measures 
which had promise of being ready for commercialization in the near- to mid-temi were selected 
and research or development work required to bring such commercialization closer to fruition 
was conducted. 

The findings of the literature search identified three measures that held promise for near-
to mid-tenn commercialization. These were -

the spillage advisor ( alann ), 
the retrofit draft-inducing fan, and 
the draft-assisting chamber. 

Spillage Advisor 

The concept here is not a single device but a range of devices which depend on a 
temperature-activated switch - a ''spill switch" - for triggering. The objective of the 
testing was to evaluate spill switches with two different trigger temperatures at various 
locations in the dilution port of a naturally aspirated gas fumace to detennine their 
effectiveness and consistency in detecting prolonged spillage of combustion products. No 
attempt was made to measure the effectiveness of any warning or fail-safe devices that 
the spill switches might be used with, since design of these is a fairly straightforward 
electric/electronic circuit problem once an effective sensing element has been chosen. 

The results of the tests indicated that the time required to trigger a switch varied 
depending on its tn'ggering temperature, its placement in the dilution port and the level 
of house depressurizatio11. It was concluded that it should be possible to develop a 
number of different devices to warn of the occu"ence of abnonnal combustion products 
spillage from a naturally aspirating gas furnace or to somehow alter the operation of the 
furnace (e.g. tum it off or activate a draft inducer) when such spillage occurs. These 
devices could all be triggered by a temperature sensitive switch (spill switch) of the 
Thennodisc type, which has been shown to react consistently to spillage incidents. 

Draft-inducing Fan (draft inducer) 

A number of retrofit draft-inducing fans are commercially available but there is little 
objective data on their peifonnance and effectiveness in co"ecting combustion venting 
problems. 
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The draft inducer increased the level of house depressurization required to cause 
iTTeversible spillage in the test furnace-chimney system from 7 Pa to over 20 Pa. ll may 
have increased it even more, but this was the highest level of depressurization at-
tainable with the blower door used. 

The draft inducing fan there/ ore appears to be a very effective remedial measure for use 
with gas furnaces experiencing combustion venting problems. 

Draft-assisting Chamber (DAC) 

The "draft-assisting chamber" is a proprietary device that becomes part of the venting 
system of a naturally aspirating combustion appliance. It is intended to fulfill two 
functions -

Contain initial spilled combustion products until proper draft is established. 

Assist in the initiation of proper upward flue flow in a stalled or backdrafting 
situation yet have no effect during nonnal flue operation. 

The prototype "draft-assisting chamber'' evaluated in these tests was found to be an 
effective remedial measure for containing spillage of combustion products from the 
dilution ope11i11g of naturally aspiratin g gas furnaces in houses where combustion venting 
is a minor problem. However, the prototype tested did not improve the house depressur-
ization limit significantly. 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
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INTRODUCTION 

Thi s  report des cribes one of s even sub-pro j e ct s  of an overa l l  
pro j ect entitled -

RESI DENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

- which was carried out for Canada Mortgage and Hous ing Corpora ­
tion by the S canada Sheltair Consortium Inc . A s ummary of the 
overa l l  pro j ect is provided in Appendix A .  

Thi s  i s  one of s everal final reports on the fifth sub-pro j ect , 
"Remedi a l  Measure s" , whi ch was concerned with res earch on 
remedial measures for various types of combus tion equipment 
experiencing combustion venting problems. Thi s  report dea l s  with 
remedial measures for gas -fired appliances .  

Thi s  pro j ect wa s des i gned to focus on thos e  remedi a l  measures 
that promi sed to be s imple , cost-effective and widely applicable 
to hou ses experiencing typical combustion venting fai lures . In 
order to identify measures meeting thes e  criteria , a l i terature 
s earch wa s undertaken . Thi s  li terature s earch and its  results 
are des cribed in Appendix B ,  whi ch a l s o  provides the rationale 
for choos ing the three measures whi ch were fina l ly included in 
thi s res earch . These three measures were : 

1 )  Warning and fai l - s afe devices , that if succes s fu l , can be 
interfa ced with appropriate electroni cs  to either a lert home­
owners or shut down the appliance in  the event of an incident 
of spi l lage or backdrafting . 

2 )  A "draft-a s s i sting chamber" des i gned to contain and revers e 
combustion gases spilling out the di lution port . 

3) A draft- inducing fan designed to increase draft in chimneys 
where buoyancy of the combustion products a l one i s  not 
suffi cient to overcome negative house pres sure . 

Thi s  report s ummari zes the test protocol adopted for each of 
these measures and the results of the tests . 
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DESCRIPTION OF THE REMEDIAL .MEASURES 

Alarm/Fail-Safe Devices 

The concept here is not a s ingle device but a range of 
devices whi ch depend on a temperature-activated switch - a 
''spi l l  switch" - for triggering . The ob j ective o f  the 
tes ting wa s to eva luate spi l l  switches of two dif ferent 
s ens itivities at various locations in the di lution port to 
determine their e f fectiveness and con s i stency in detecting 
prolonged spil lage of  combustion products . No attempt was 
made to measure the e f fectivenes s  of  any warning or fail-safe 
devices that the spi l l  switches might be used with , s ince 
des i gn of  thes e  is a fairly straightforward electric /elec­
troni c ci rcuit problem once an e f f ective s ens ing element has 
been chosen . 

The s pi l l  switches se lected for testing were ba sed on the 
"Thermodisc" ,  a commercially available temperature triggered 
switch used in various appliances as a high-l imit or low­
l imit control . It i s  avai lable in a number of configura­
tions : 

c lose on rise 
open on ri s e  
c l o s e  o n  f a l l  
open o n  f a l l  

- and with a number of different triggering temperatures .  

The switches used in the present testing are ba sed on the 
Thermodi sc  lOH Series Controls . These switches are open-on­
rise , s ingle-po l e / s ingle-throw l inear l imit thermostats that 
provide continuous thermal s en s ing a long a f luid f i l l ed 
copper capil lary s ens ing tube . On temperature ri s e , the 
f luid in the capi l lary tube expands caus ing a diaphragm in 
the switch to s nap at a pre-ca librated temperature , opening 
e lectri cal contacts . The capi llary tube a l lows the tempera­
ture s ens ing to be remote from the actual switch location . 
Automatic reset switches were used in  the testing a lthough 
manual reset is a l s o  available . 
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The switches used in the testing had the f o l l owing character­
i s tics . l 

1 )  Switch 1 - Length : 62 cm . Open on r i s e  at 80 . 5 ° C  ± 
5 . 5 ° C . Close at 73 . 3 ° C . 

2 )  Switch 2 - Length : 43 cm . Open on r i s e  at  73 . 3 ° C  ± 
8 . 3 ° C . Close at 43 . 3 ° C . 

A product brochure out l ining the f eatures of  the Thermodi s c  
lOH s eries is  inc luded i n  Appendix C .  

Draft-As sisting Chamber 

The "dra ft-a s s i s ting chamber" i s  a proprietary device that 
becomes part of the venting sys tem of a natura l ly aspirating 
combustion appl iance . It is intended to f unction in two ways 

o Contain initial spil led combust ion products unti l  proper 
dra ft i s  es tabli shed . 

o As s i s t  in the initiation of proper upward f lue f l ow in a 
stal led or backdra fting s i tuation yet have no e f f ect 
during norma l f lue operation . Thus it  is not intended 
to interf ere with the norma l combustion proce s s  or 
e f f iciency . 

Thi s proprietary chamber is  not yet commercially ava i lable 
but it is ea s i ly f abricated without special too l ing or 
equipment , as  wa s the prototype tes ted . 

Draft-Inducing Fan 

A number of retrofit draft-inducing fans are commerc i a l ly 
avai lable but there i s  little ob j ective data on the i r  perfor­
mance and ef fectivenes s  in correcting combus tion venting 
problems . The fan chos en for testing was the Model D I - 1  
manu factured by the Field Control s  Company in  North Caro l in­
a .  It  i s  a paddle -whee l type fan which mounts in the s ide of 
the vent connector ( f lue pipe ) and extends j ust over 25 mm 

1 Al l reported temperatures are exact conversions f rom 
Imperial specif ications . 

PAGE 3 DESCRIPTION OF MEASURES 



RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

into the f l ow path . There are thus 95 mm of a 120 mm 
diameter pipe that are not obstructed by the device . It i s  
powered by a 32 Watt , 0.4 Amp . AC motor . 

Product l iterature describing the draf t  inducer tested i s  
inc luded in Appendix D .  

PAGE 4 DESCRIPTION OF MEASURES 

" " .. 



RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

TEST HOUSE 

Al l devices were tes ted on an atmospheric gas furnace instal led 
in an unoccupied show home bui lt by Valecra f t  Hornes in Orleans , 
Ontario . Thi s  house was l oaned to S canada f or the s e  tests . The 
hou s e  i s  a two s torey , s tandard wood f rame hous e . An airtight­
nes s  test fol lowing the CGSB standard yielded the f o l l owing 
results : 

Air changes per hour at 50 Pa test pre s s ure : 5 . 5  
Equiva lent Leakage Area : 0.1 1  rn2 

C = 55 L/s  Pan n = 0 . 696 

Thi s  house has no known combustion venti lation problems . The 
verti cal centre of leakage wa s determined by mea suring in­
s ide/outs ide pres sure dif f erentia l s  at  a s econd f loor window , a 
first f loor window and a ba sement window , with the furnace f lue 
blocked and under calm conditions with a 2 0 ° C  inside/outs ide 
temperature d i f f erence . I t  was found to be l ocated at about the 
leve l of the second storey f loor . 

The furna ce i s  a York mode l UGR forced air furnace with input 
capacity of 23 kW ( 8 0 , 000 btuh ) . 

The house a l s o  has a gas-fired DHW heater ; however the s ection of 
the vent connector to which it wa s connected , wa s removed and 
replaced by a piece of straight pipe for the durati on of  the 
tes ting. Thi s  wa s done to el iminate the added comp l i cation o f  
the se cond f lue connection and thus s impl i fy ana lys i s  of  the 
re sults . 

The cooperation of Va lecraft Hornes in making thi s house avai lable 
is gratef u l ly a cknowl edged . 
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OVERVIEW OF THE TESTING APPROACH 

For the "dra ft-a s s is ting chamber" and the draft-inducing fan , the 
ob jective was to obtain characteristic curves of house depres sur­
i zation versus combus tion products spi l lage duration for the 
furnace / f lue/house system as found and with each of the devices 
f i tted . Thi s  wa s achieved by insta l l ing a blower door in an 
entrance doorway and repeating the following procedure many times 
at s evera l level s  of depres suri z ation : 

depre s suri z e  the house with the furnace at s tandby 
turn on the furnace and measure the time it takes to initiate 
proper f lue f low . 

The whole proce s s  wa s conducted wi th the furnace a s  found and 
then repeated with the draft-as s i s ting chamber instal led and 
again with the dra ft inducer instal led . 

The eva luation of the spi l l  switches had severa l ob jectives . 
Thes e  were to determine -

What conditions lead to the switches being activated or 
fai ling to be activated . Thi s data would provide a ba sel ine 
of data def ining what conditions activate the switch where­
upon more rigorous tes ting could be done . 

The e f fect of location on the duration of spi l lage required 
to activate the switches . Thes e  tests were des ign to help 
optimi ze the location of the switches . 

I f  s evere ba ckdra fting might del ay activation of  the switches 
due to cool outdoor air diluting combus tion gases  pa s s ing 
over the switches . Thus only s evere backdra fting cases would 
be considered here . 

The ef f ect of  the two dif ferent lengths and temperature 
l imits on duration of spi l l age required to activate the 
switches . Comparison of the performance of  th� two switches 
under identical conditions was sought here . 

To meet the above ob jectives , two s eries of tests were conducted . 
The f irst set o f  tests focused on evaluating the switches at a 
g iven location under various degrees of  spil lage including 
prolonged spil lage for more than three minutes . The two switches 
were tes ted s imultaneous ly and were conducted in para l l e l  with 
s pi l l age tests for the furnace as found . 
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In the second series of  tests , both switches were eva luated under 
more extreme spi llage and backdrafting conditions at three 
vertical locations and four levels of depre s suri zation , the 
minimum leve l being the house depre s s uri z ation limit of the 
house. 

The switches were not connected to any warning or fai l s a f e  
devices , they were s imply connected t o  a 120 volt relay whi ch was 
in  turn connected to the data-logging equipment ( des cribed in the 
next s e ction ) so that the time of triggering would be recorded . 
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TEST EQUIPMENT 

Virtually a l l  data generated in the testing was automatical ly 
recorded by a microcomputer-control led data- logging sys tem made 
up of the following components :  

o Microcomputer 
COMPAQ portable MS-DOS computer with 256K RAM, two 
f loppy disk drives and c lock card . 

o Data - logger ( A  to D converter , multiplexer ) 
S ciemetrics  Ins truments Model 8082A Electronic Measure­
ment System with 64 ana log channel s  and 16 digital 
channe l s . 

o Control Program 
Compi led BAS I C  program written by Scanada for customized 
proce s s ing of the data including periodic s torage of 
data on di skette . Thi s  program interfaces with the 
overa l l  system control software provided by 
Sc iemetrics . An important feature of thi s program i s  
that it  u s e s  the computer keyboard space bar as a status 
switch and records the time at whi ch the space bar i s  
pre s s ed by the operator . Thus the space bar and the 
operator can stand in as a s tatus switch for recording 
phenomena that are easier to s ense vi sua l ly than 
electroni cally,  such as reversa l  of f l ow at the dilution 
port . 

The program wa s able to scan a l l  channe l s  used in this  
tes ting approximately once every 2 s econds . 

o Temperature Sensors 
J type thermocouples capable of mea suring temperatures 
in the range 0 ° C  to 760 ° C  with an accuracy of 0 . 1 ° C . 

o Status Switches 
120 volt relay to detect opening of  the s pi l l  switch . 
24 volt relay to detect whether the furnace i s  on or 
o f f . 

o D i f f erenti a l  Pres sure Transducers 

.. 

A Setra Model 261 differential pre s sure transducer wa s 
used to convert pres sure s i gna l s  from pre s s ure taps to 
equiva lent voltage signals . Thi s  transducer outputs a 0 
- 5 V l inear s igna l  proportional to 0 - 25 Pa . The 
pres sure transducer was used in determining the location 
of  the vertical centre of  leakage of  the hous e . 
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o Blower Door 
A Retrotec Model RDF 001 door f a n  was used to depres sur­
i ze the house during the first s eries o f  tests . An 
Inf i l tec model R-1  door f an wa s used during the s econd 
s eries of tests . Both fans have a capacity of 24 00 L / s  
at  50 Pa , a control module whi ch a l l ows manua l ad j ust­
ment of  f low and two Magnahel i c  pres sure gauges for 
measurement of ins ide /outs ide pres sure d i f f erence and 
fan f l ow .  Four outs ide pre s s ure taps were located on 
the four faces of the hous e  and j oined to a pre s s ure 
averaging box as per the CGSB airtightn e s s  test s tan­
dard . 

o Wind Anemometer 
A Bacharach Mode l MRF FLORITE air ve locity meter wa s 
used to measure wind velocity at  the s i te . 
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DETAILED TEST PROCEDURES 

Task 1 :  Combustion venting characteristics of the house/furnace/ 
flue system as found 

1 . 1  Set up data-logging equipment , connect a l l  s ensors and 

s tatus switches . Deploy temperature s ensors as fol lows : 

0 9 in a 3 X 3 grid in di lution port ( see Figure 1) 
0 1 in furnace breaching 

0 1 in bottom of f lue 

0 1 in main f l oor room air 

0 1 in ba sement room air 

0 1 in exterior air ( outdoors ) 

1.2 Ens ure the furnace has not operated for at least 20 
minutes so  that the f lue and heat exchanger wi l l  have 

cooled to ambient conditions . 

1. 3 Turn furnace on and , us ing smoke penc i l s , observe direc­

tion of  f l ow at the di lution port and note duration of 

any spi l lage , pre s s ing the computer keyboard space bar 

when any revers a l  occurs . 

1.4 Once f u l l  upward f lue f low i s  established , turn o f f  

furnace and a l low t o  cool for a t  least 10 minute s . 

1. 5 Depre s suri ze the house us ing an a�rtightnes s  tes ting 

blower door , recording ins ide /outs ide pres sure d i f fer­

ence and fan f low . 

1.6 Repeat 1. 3 to 1.4 
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1 . 7 Repea t 1. 3 to 1 . 5  at increa s ing leve l s  of  depres ­

suri zation up t o  15 Pa o r  unti l  spi l lage duration 

exceeds 3 minutes . 

1.8 Repeat 1.2 to 1 . 7  in their entirety to ensure repeat­

abi l ity of  the results . 

1 . 9  Fol l owing another coo l -down period o f  at least 1 0  

minute s , run the furnace unti l  f lue g a s  temperature 

reaches equilibrium ( or near equil ibrium ) then turn the 

furna ce o f f . Record temperatures throughout the heat-up 

period and for at least 1 0  minutes a f ter shut o f f . 

The e s s enti al information derived in Task 1 wa s the data on 

depre s suri zation leve l versus duration of spil l age and the 

ba s i c  characterization of the hou s e / furna c e / f lue system a s  

found which wa s provided by the heat-up/ cool -down test ( Step 

1 . 9 ) . 
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Task 2 :  Combustion venting characteristics of the house/furnace/ 
flue system with "Draft-Assisting Chamber" installed 

The procedure in Task 2 was e s s entia lly the s ame as in Task 1 
with the exception that 6 of the 9 temperature s en s ors 

previously located in the furnace dilution port were deployed 

throughout the "draft-as s is ting chamber" to allow tracking of  

the movement of  the combustion products through the chamber 

and measurement of the retention time o f  the chambe r  ( see 

Fi gure 2 ) . 

The three remaining s ensors in the dilution port served to 

provide a f rame of reference to compare spillage results of 

for the furnace as  found to spillage results with the "Dra ft­

As s i s ting Chamber " .  

Two s eries o f  tests were conducted wi th the dra f t -a s s i sting 

chamber ins talled . I n  the f irst s eries , the gaps between the 

furnace casing and the internal dilution air pas s ageway were 

not sealed . Thi s  conf iguration would result in a minimum of  

interference with the exi sting des i gn of the dilution port. 

In the second s eries of tests thes e  gaps were sealed . 

The important information derived f rom Task 2 were the data 

on depres suri zation leve ls versus time f or the sys tem to 

initiate upward f lue f low , and the characterizati on of the 

hous e / f urnace / f lue system , a s  now modi f ied , provided by the 

heat-up/cool-down test. In addition , temperatures recorded 

within the "draft-a s s i sting chamber" indicated whether f low 

out the bottom of  the chamber con s i s ted o f  c ombu s tion 

products or air di splaced from the chamber by accumulating 

combustion products . Thus it  was pos s ible to identi fy the 

leve l of depres suri zation neces s ary to cause spi llage of  

combustion products into the furnace room. 
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Task 3 :  Combustion venting characteristics of the house/furnace 
flue system with draft inducer installed 

The test procedure for Task 3 was identical  to that used in 

Ta sk 1 .  

The draf t  inducer was wired to turn on s imul taneou s ly with 

furnace s tart-up . 

Two s eries of  tests were conducted - one with the dra ft 

inducer operating and a s econd with the dra f t  inducer in­

stal led but not operating . The latter tes t s  were done to 

determine i f  the protrus ion of the fan into the vent connec­

tor ( f lue pipe ) would make the system any more prone to 

venting fai lure if the fan should f a i l . 

Again , the important information derived f rom Ta sk 3 was the 

data on depres suri z ation level versus duration of spi l l age 

and the characteri zat ion of the hou s e / furnace / f lue sys tem , as 

now modi f i ed , provided by the heat-up/ cool -down test . 
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Task 4 :  Effectiveness and consistency of the spill switches 

During the f irst s eries of tests , both switches were placed 

hori zonta lly approximately 12 mm f rom the top lip of the 

dilution opening and in the plane of the opening . The time 

to a ctivate the swi tch was mea sured in conditions of  minor 

spi llage to s evere backdraf ting . The actua l location of the 

switches re lative to the top lip of the dilution opening is a 

compromi s e  between recommendations provided by Mof f att of 

Sheltair ( derived from thermal mapping of the dilution 

opening ) and pre liminary recommendations in a CGA report 

( Re ference 1 ) . 

In  the second s eries of  tests , the test protocol wa s expanded 

to include three vertical locations . These were : 

1 )  12 mm f rom the top lip of the dilution opening 

2 )  halfway between the top and bottom of the di lution 

opening 

3 )  12 mm f rom the bottom lip o f  the dilution opening . 

In  the s econd s eries of  tests , the switches were rece s s ed 6 
mm into the dilution opening . The time to activate each of 

the switches wa s recorded for depres suri zation leve ls from 

the hou s e  depre s suri zation limit up to twice that level . All 

the switch arrangements are shown in Figure 3 .  

The arrangement of  temperature s ensors in the dilution port 

wa s des i gned to complement the test locations of the swit­

ches . 
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Since the spi l l  switches were connected directly to the data­

logger , the time of  switch activation rel ative to furnace 

s tart-up was automatica l ly recorded and s tored on disk for 

each tes t . 

Since temperature sensors were located a d j a cent to the 

capil lary tubes , the average temperature a l ong the tube at 

the instant each switch wa s activated was a l s o  recorded . 

Thus the e s s ential information derived in  this task i s  the 

time at whi ch each switch was activated and the temperature 

dis tribution along its capi l l ary tube for s everal d i f ferent 

l ocations . 
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RESULTS 

Ambient Conditions 

The f irst phas e  of tests wa s performed over a 12 hour period 

f rom 22 : 0 0 March 27 , 1986 to 1 0 : 0 0 March 28 , 1986 . 

Periodic mea surements of  wind indicated calm conditions 

throughout the tests. 

Outdoor temperature wa s a cons tant 0 ° C  throughout the tests . 

Basement temperatures ranged from 15 ° C  to 16 ° C  whi le main 

f loor temperatures ranged between 17 ° C  and 18 ° C . Although not 

recorded , second f loor temperatures were estimated to be 

about 20 ° C . 

The s econd pha se of tests wa s performed over a 12 hour period 

f rom 22 : 0 0 Apri l 14 , 1986 to 10 : 0 0 April 15 , 1986 . 

Periodic measurements of wind indicated generally calm 

condi tions although sporadic instances o f  light bree z e s  were 

observed . Maximum gust of 2 . 5  m/ s ( 9  km/hr ) were recorded . 

Outdoor temperature s were 5 ° C  at the beginning of  the test 

dropping to a minimum of  about 2 . 5 ° C in the early morning 

hours . Basement temperatures ranged f rom 15 ° C  to 16 ° C  whi le 

main f loor temperatures ranged between 17 ° C  to 19 ° C . Again , 

s econd f loor temperatures were not recorded but were e s t i ­

mated t o  b e  about 20 ° C . 
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House/Furnace/Flue System as Found 

Spil lage of combustibles was determined by the technician 

us ing a smoke pencil to vi sually as s e s s  the direction of flow 

at the dilution opening . Thi s  technique combined with the 

keyboard s tatus switch operated by the s econd technician ( in 

respons e  to commands from the first techni cian ) proved to be 

an effective method of recording the approximate duration of 

spil lage for each test . Later analysi s  of the temperature 

profi les around the dilution opening helped to validate those 

s pi l lage times in tests where the technician was unsure of 

the actual duration of spi llage. 

In general , at higher levels of depre s s uri zation ( i . e .  

greater than 5 Pa ) ,  the temperature in the di lution opening 

responded to incidents of spil lage by ri s ing sharply when the 

furnace was turned on . Once pos itive draft was establi shed 

the temperature s around the di lution opening were observed to 

drop quickly in response to cooler air from the basement 

entering the di lution opening . Sensors along the vertical 

midl ine of the di lution opening showed the mos t  sensitivity 

to the flow patterns in the di lution opening . 

The re sults show that duration of spi l lage as measured by 

temperature s at the dilution opening was longer than reported 

by the technician . Differences of between two to four 

s econds were observed at the higher leve l s  of depres suri za­

tion ( i . e .  greater than 5 Pa ) .  This is not surpri s ing s ince 

the technic ian would tend to respond to the initial s talling 

of outward flow but the temperatures would not change until 

actual reversal took place . In s everal instances the tech-
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nician suggested that the reversal of spil lage might have 

been longer than he first reported . 

At low leve l s  of depres suri zation , the r i s e  in temperature 

around the di lution opening was sma l l  and radiative effects 

from the furnace itself made it diffi cult to pinpoint the 

exact moment of flow reversal . Temperature s remained rela­

tively steady fol lowing furnace turn-on although over time 

the trend was a gradual drop in temperature . In these 

instances , spi l lage times recorded by the techni cian in the 

fie ld were re lied on exclus ively . The difference between the 

technician's estimate and actual spi l lage i s  probably small 

anyway cons idering the duration of spi l lage at thes e  level i s  

short ( l e s s  than two seconds ) .  

Fi gure 4 i s  a plot of spil lage duration versus leve l o f  

depres suri zation for the house / furnace/flue sys tem as found . 

Raw data i s  inc luded in Appendix E .  

Two sets o f  data are pl otted for the two s erie s of tests done 

to check on repeatability of results . It can be s een that 

the two s ets o f  data are quite close . The discrepancies 

which do exi st are quite con s i stent with the expected 

accuracy of the test method . 

The trans ition from apparently revers ible flow to apparently 

irreversible backdrafting was quite sharp and occurred at 

about 7 . 5  Pa ± 0 . 5  Pa . Thus , for this s eries of tests , under 

the given indoor-outdoor conditions , the House Depres s ur­

i zation Limit ( HDL ) for thi s house can be said to be about 

7 . 5  Pa . 
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Figure 5 i s  a plot of the f lue gas temperature at the furnace 

breeching and at the chimney bas e  versus time f or the heat­

up/ cool -down test of the house /furnace /flue system as found . 

Thi s  plot i s  s imi lar to many others we have s een with the 

exception of an apparent ly erratic temperature respons e  as  

the sys tem approached steady state . The exact nature o f  thi s 

behaviour i s  not quite c lear and we are unable to speculate 

as to the exact cause at this time . Despite thi s  minor 

anoma ly , the plot s t i l l  satisfactori ly des cribes the house/ 

furnace / f lue sys tem as  found and provides a suitable baseline 

upon which to compare steady s tate performance of the other 

remedial measures . 
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House/Furnace/Flue System with "Draft-Assisting Chamber" In­

stalled 

The evaluation of the "draft-a s s i sting chamber" compris ed two 

pha ses  of testing . The first phas e  of testing wa s performed 

during the first series of tests on March 27/28 , 1986 . In 

thi s phas e  of testing , the "draft-a s s i sting chamber" was 

instal led but the exi sting gaps between the di lution box and 

the furnace cas ing were left unsealed . The s econd phas e  of 

testing wa s performed during the second series of tests on 

April 14/15 , 1986. For these tests , the cas ing/di lution box 

gaps were s ea led . 

Eva luation of the performance of the "draft-a s s i sting 

chamber" in containing and revers ing flow out of the di lution 

port requires a more rigid definition of spi l l age than that 

used in des cribing the performance of the furnace as found . 

Without the draft-a s s i sting chamber in place , it can be 

a s s umed that any flow out the di lution port contains combus ­

tion products when the furnace i s  operating , and thus outward 

or reverse flow i s  synonymous with spil lage of combustion 

products . With the "draft-assi sting chamber" instal led , the 

interface between the furnace and the room air becomes the 

bottom opening of the chamber ( 1  m below the furnace di lution 

port for the prototype tes ted ) rather than the furnace 

di lution port. Detection of reverse flow at the bottom 

opening of the "draft-a s s i sting chamber" does not neces sarily 

imply spi l lage of combustion products ; rather , it may mean 

displacement of ambient air in the chamber by combustion 

products a ccumulating wi thin it. Thus spil lage for thi s 

configurat ion i s  defined as  spi l lage of combustion products 

out the bottom opening of the "draft-a s s i sting chamber" 
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rather than s imply reverse flow at that point . Here , the 

mea surements of temperatures within the chamber provided the 

additiona l data needed to distinguish between reverse flow of 

air and actual spil lage of combustion products . 

Therefore , with the "dra ft-as sisting chamber" ins t a l l ed , two 

events were watched for . Thes e  were -

initiation of upward draft , a s  indicated by direction of 

flow at the bottom opening of the draft-as s i s ting 

chamber , and 

spi l lage of  combustion products as indi cated by direc­

tion of f low at the bottom opening of  the draft-ass ist­

ing chamber and by temperature of that f low . 

I t  was found that the "time to initiate upward dra ft" was 

about the s ame with or without the "draft-a s s i s ting chamber" . 

Thi s  i s  shown in Figure 6A . 

On examining Figure 6A , it i s  apparent that , with the 

cas ing /di lution box gaps unsealed , the incorporation of thi s  

particular prototype "draft-a s s i s ting chamber" has not s ig­

n i f i cantly improved the time required to initiate upward 

dra ft compared to results for the furnace as  found . At bes t , 

it has increa sed the house depres surization limit by about 

0 . 5  Pa , an insigni f i cant amount given the accura cy of the 

mea suring device ( ±  0 . 5 Pa ) . 

However , the sys tem did , in fact perform s i gnifi cantly 

di f ferently with the "draft-a s s i s ting chamber" in place in 

that there was no s pi l l age of combus tion products until  the 

HDL wa s reached . This  is shown by the right-angled duration 
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.. 

of spi l l age line in Figure 6B . The vertical s eparation 

between thi s  l ine and the curve for the furnace a s  found 

represents the benefit of the chamber i n  containing the 

spi l led combustion products . 

Figure s 7A and 7B are plots similar to Figures 6A and 6B but 
for the s econd pha se of testing the casing/di lution box gaps 

were sea led . Note that a new plot for the furnace "as found" 

i s  shown . The data for thi s plot was collected on the s ame 

night and just preceding the second eva luation of the draft­

a s s i s ting chamber . 

For a given leve l of depres surization , much longer times to 

initiate upward draft were recorded for both the furnace as 

found and with the draft-a s s i sting chamber insta l led , 

compared to the first s eries of tests ( Figures 6A and 6B ) .  

Thi s  i s  probably due to the different ambient condi tions 

whi ch preva i led . Although thi s  may make it difficult to 

compare the first series of tests with the s econd s eries of 

tes t s , the compari sons of the performance of sys tem to that 

of the furnace as found is valid . 

Aga in , as  observed in the first s eries of tests , the proto­

type "draft-a s s i sting chamber" resulted in l ittle s i gnificant 

improvement in the house depres surization l imit . It was 

increa sed by about 1 Pa from 7 . 5  Pa to 8 . 5  Pa . 

The abi lity of this prototype to contain spi l led combus tion 

products i s  again evident . Combustion products spi l led from 

the furnace di lution opening were contained in the chamber 

unt i l  proper draft wa s initiated . However ,  once the house 

depres surization l imit was exceeded by one additional Pascal , 
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the system failed completely and was unable to initiate 

proper dra ft . 

An interesting condition was observed at a depres surization 

leve l of 8 Pa . The technician observing flow at  the bottom 

opening of the "draft-as sis ting chamber" reported the flow 

fluctuating from outward to inward . Simultaneous ly ,  another 

observer noted that the sides of the chamber were a l ternating 

f rom hot-to-the-touch to cold-to-the-touch . This s e e - s aw 

condition lasted 36 seconds before full  upward dra ft wa s 

fina l ly es tablished . During this time no spillage of  combus­

tion products wa s detected at the chamber opening . The 

temperature profiles for this example are shown in Figure BA . 

For comparison the temperature profiles for a similar test 

where the f l ow reversal occurred a f ter only 1 0  seconds is 

shown in Figure 8 B . 

Figures 9A and 9 B  superimpose the heat -up / cool-down test 

results with the draft-assisting chamber ins ta l l ed ( no house 

depres surization ) on those for the system as  found . It  is  

c lear that the prototype did not show a detectable e ffect on 

operation of  the furnace/f lue system during norma l operating 

conditions ( i . e .  no house depres s urization ) .  
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House/Furnace/Flue System with Draft Inducer Installed 

Figure 1 0  i s  a plot of  duration of  spil l age versus level of 

depres surization for the system with the dra f t  inducer 

instal led superimposed on the plot for the system as found . 

I t  i s  apparent that incorporation of  the draf t  inducer has 

increased the level of  depre s s urization required to cause any 

given spil lage duration dramatically . For example , at 20 Pa 

depres s urization ( the maximum that could be a chieved wi th the 

blower door ava i l able ) spil lage la s ted only 45 s econds . This  

may have been c lo s e  to  the upper l imit of  depres surization 

for the dra f t  inducer . Nevertheles s , thi s  i s  clearly more 

than adequate f or a l l  but the worst conceivable cases of 

house depres surization . 

Due to the l imitations of  the blower door used , it  was not 

pos s ible to pos itively determine the change in the Hous e  

Depres s urization Limi t caused by the insta l l ation of  the 

dra f t  inducer . We can only say that it  was increased f rom 

7 . 5  Pa to more than 20 Pa . 

Figure 11 i s  a superimposition of the heat-up/cool -down test 

re sults with the dra ft inducer instal led on those for the 

system as f ound . I t  i s  c lear that the dra ft inducer has no 

detectable e f fect on the normal operation of the furnace / f lue 

sys tem . 

I t  wa s noted that operation of the draf t  inducer added 1 to 2 

Pa to the hou s e  depre s surization . 
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Spill Switches 

The performance of the spi l l  switches was evaluated in two 

s eparate s eries of tests . The first s eries of tests wa s 

des i gned to determine what conditions were neces sary to 

activate the switches . The data provided a bas e l ine upon 

which more exhaus tive testing could be performed . Thes e  

results are summarized i n  Table lA . 

The table shows the time from furnace s tart-up unti l  each of 

the spi l lage switches wa s activated as  a function of  leve l of 

depre s surization . Al so shown i s  the temperatures a long each 

of the capi l lary tubes at the moment the switch was activa ­

ted . ( Note that the 7 3 . 3 ° C switch extended a cros s  only one 

ha lf  of the di lution opening and as a result only two 

temperature readings are used to determine the average 

temperature along the tube . The 8 0 . 5 ° C swi tch extended 

acro s s  the full width of the opening and three temperature 

readings are used to determine the average activation 

temperature for the tube. ) 

As indi cated earlier , the transition from apparently revers ­

ible spi l lage to apparently irrever s ible spi l lage i s  very 

sudden . In  a l l  cases of  reversible spi l lage , the reversal  

occurred with 2 0  seconds of furnace start -up . Neither of the 

spi l l  switches were triggered in these cases . 

The switches only tripped on tho s e  test cases where spi l lage 

oc curred for three minutes or more ; i . e .  in thos e  conditions 

where the Hous e  Depres surization Limit wa s exceeded . 
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In  the first s eries of  tests , the switches appeared to 

perform a s  expected , the 7 3 . 3 ° C switch triggering first 

fol lowed by the 8 0 . S ° C .  Under identical leve l s  of depres sur­

ization , the switches tripped con s i s tently ( within ± 1 0  

s econds ) a l though the 8 0 . S ° C switch showed the mos t  variabi l ­

ity in  activation time . Thes e  results are s hown in Table lA . 

I t  was a l s o  noted that as  the level of depres surization 

increased it  took longer for the switches to be activated . A 

c loser examination of the temperatures in the di lution 

opening showed that the maximum temperature in  the di lution 

opening change s as  the level of depres surization increases . 

In  general , as the leve l of  depres surization increases , the 

maximum temperature moves from the top of the di lution 

opening down towards the middle and middle edges of the 

opening . S imi lar f indings were documented by She ltair in 

their mapping efforts of the di lution opening . ( Reference 2 )  

The change in the location of maximum temperatures and 

act ivation time of the switches as the depres surization level 

increased obs erved in the f irst series of  tests prompted a 

more detai led s econd series of tests . In thi s  s eries of 

tests , an additiona l variable , vertical location of the spi l l  

switch wa s added t o  the test protocol .  Thes e  results are 

shown in Tables lB to 10 . 

The data shown in Tables l B  to 1 0  i s  a l s o  plotted in  Figure 

1 2  and 1 3  for each of the spi l l  switches . The curves s how 

activation time a s  a function of level of depres surization 

for each of  the three locations in which the s pi l l  switches 

were instal led . These were again : 
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A )  1 2  mm from the top lip , reces sed 6 mm into the di lution 

opening . 

B )  Ha lfway between the top and bottom of the di lution 

opening , reces s ed 6 mm into the opening . 

C )  1 2  mm from the bottom of the di lution opening , rece ssed 

6 mm into the opening . 

The results can be summari zed as fol l ows : 

1 )  For each vertical location , a curve of time to a ctivate 

the switch vs . leve l of depres suri zation can be genera­

ted . At each vertica l  location , the curve generated for 

the S O . S ° C  switch i s  s imi lar to the curve generated for 

the 7 3 . 3 ° C switch . For each level of depres suri zation 

the activation time for the 7 3 . 3 ° C swi tch i s  shorter 

than the S O . S ° C switch . 

2 )  Each vertical location has its  own unique curve of 

swi tch activation time vs . leve l of depres suri z ation . 

3 )  At about lS Pa depres suri zation , the temperature 

dis tribution in the di lution port i s  quite uniform and 

the activation time for either switch is e s s ential ly 

independent of its location . 

4 ) For the switches located at the top of the di lution 

opening , the activation time at 1 0  Pa i s  greater than at 

7 . 5  Pa . Thi s  is identical to result s  observed in  the 

first s eries of tests . At 1 0  Pa the effect of rec e s s ing 

the capi l lary tube s 6 mm into the dilution opening 
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,. 

reduced the a ctivation time of  the S O . S ° C switch f rom 90 

s econds to 70 seconds . A s imi lar 20 second reduction 

was a l s o  observed at 7 . S  Pa . 

The e f f ect of reces s ing the shorter 73 . 3 ° C  switch into 

the di lution opening reduced the activation time at 7 . S  

Pa f rom 36 to 2S s econds , a reduction of  only eight 

s econds . An increase of s ix s econds was observed at 1 0  

Pa . Thus it appears that the shorter 73 . 3 ° C  switch i s  

les s s ensi tive to location i n  the opening than the 

longer S O . S ° C switch . 

For levels of depres s urization greater than 1 0  Pa , the 

activation time for the S O . S ° C switch drops f rom 70 

s econds at 10 Pa to 6S seconds at 15 Pa . The activation 

time for the 73 . 3 ° C  switch drops from 67 at 1 0  Pa to 47 

second s at 15 Pa . 

S )  For the switches located hal fway between the top and 

bottom of the di lution opening , activation time of both 

of the spi l l  switches is l inearly proportiona l to level 

of  depressurization . As leve l of depres surization 

increa ses , so  too does the activation time of  the 

switches . At 7 . S Pa , both switches were observed to 

trip about 26 seconds after furnace s tart -up . At 15 Pa , 

activation time for the S 0 . 5 ° C  switch wa s 61 seconds , 

and activation time for the 73 . 3 ° C  switch was 49 

s econds . 

6 )  For switches located at the bottom o f  the dilution 

opening , activation time of  the swi tches was greatest at 

7 . 5 Pa . It  took over 1 00 s econds before the S O . S ° C 
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switch wa s activated and 87 s econds before the 7 3 . 3 ° C  

switch wa s activated . At 1 0  P a  the time t o  a ctivate 

both switches decreas ed dramatical ly to 61 s econds for 

the 80 . 5 ° C  switch and 52 s econds for the 7 3 . 3 ° C  switch . 

At 15 Pa the activation time for both switch was a lmost 

identical to that observed at 10 Pa . 

To s ummarize , locating the spi l l  switches ha lfway between the 

top and bottom of the di lution opening resulted in the 

fa s test response to spi l lage . However ,  thi s a ctivation time 

increa sed as  leve l of depres surization increa s ed . Des pite 

this fact , the activation time wa s s t i l l  les s than that when 

the switches were located at the top or bottom of the 

di lution opening at any level of depre s s urization . 

At leve l s  of depres surization of 1 0  Pa or greater , there wa s 

only a sma l l  difference between moving the switche s c loser to 

the top of the opening than to the bottom of the opening . 

For a given dis tance from the centerl ine , a s l i ghtly greater 

delay was caused by moving the switches c loser to the top of 

the opening rather than the bottom of the opening . However , 

the maximum variation ( i . e .  locating the switch at the top 

instead of the bottom ) was l e s s  than 10 s econds for the 

80 . 5 ° C  switch and l e s s  than 15 s econds for the 7 3 . 3 ° C  swi tch . 

At the house depre s surization l imit , i . e .  7 . 5 Pa , locating 

the switches at the top of the dilution opening and the 

vertical centerl ine made no difference to the a ctivation 

time . Delays were only caused by moving the switches toward 

the bottom of the di lution opening . 
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Bas ed on thes e  test results , it appears there may be a location 

s omewhere between the vertical centerline and the bottom of the 

di lution opening where activation time i s  independent of the 

level o f  depres surization . I f  one could determine thi s location , 

the a ctivation time of  the switch would depend on only one 

variable - the temperature limit of the switch - rather than the 

three variables of location , depres surization , and temperature 

limit . 

Al though detai led examination o f  the temperature profi l es in 

the di lution opening wa s beyond the s cope of  thi s  pro ject , a 

prel iminary review of  the data reveal s  that as  the level of  

depre s surization increases , the temperature dis tribution in 

the di lution opening changed from being symmetric about the 

horizonta l centerl ine to a pattern with the hottes t  tempera­

tures shifting gradual ly towards the left s ide of the 

di lution opening . Thi s  is s igni ficant s ince the shorter 

7 3 . 3 ° C  switch covered only the right ha l f  of the di lution 

opening . Thi s make s it d i f f i cult to compare the relative 

performance of the two switches s ince the shorter , lower 

l imit spi l l  swi tch wa s probably located in a cooler tempera­

ture zone . Thi s  might also  explain why the activation times 

for both switches were remarkably s imi lar despite the 7 . 2 ° C  

d i f f erence i n  the temperature l imits between the two 

switches . 
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TABLE 1 :  Summary of results for spill switches 

TABLE lA: ACT I VATION T I ME OF SP I L L  SWI TCHES : SER I ES 1 TESTS : S W I TCHES IN PLANE OF D I L UTION OPEN I N G  

LOCAT ION A 

SWITCH l : OPEN @ BO . SC SWITCH 2 : 0PEN @ 7 3 . 3C 

PRESSURE T I ME TEMPERATURES ( C )  AVG TEMP PRESSURE T IME TEMPERATURE S ( C )  AVG TEMP 

( Pa )  (sec)  1 2 3 ( C )  ( P a )  ( sec ) 1 2 3 ( C )  

7 . 5  34 65 . 8  66 . 5  63 . 2  66 . 2  7 . 5  49 78 . 6  7 5 . 2  56 . 2  70 . 0  

7 . 5  33 58 . 4  65 . 1  48 . 8  61 . 8  7 . 5  38 61 . 9  68. 3  46 . 9  59 . 0  

10 89 85 . 8  65 . 9  74. l 7 5 . 9  1 0  69 5 7 . 3  67 . 8  92 . 2  7 2 . 4  

TABLE 1 8 :  ACT I VAT ION TIME OF SPILL SWITCHES : SER I ES 2 TESTS :SWITCHES RECESSED 6ITTTI I NTO D I LUT I ON OPEN I NG 

LOCAT ION A 

SWI TCH l : OPEN @ BO . SC SWITCH 2 : 0PEN @ 7 3 . 3C 

PRESSURE T I ME TEMPERATURES ( C )  AVG TEMP PRESSURE T IME TEMPERATURES(C)  AVG TEMP 

( Pa )  ( sec ) 1 2 3 ( C )  (Pa) ( sec) 1 2 3 ( C )  

7 . 5  26 87 102 39 94 . 5  7 . 5  28 89 108 74 90 . 3  

1 0  7 0  1 08 88 1 08 98 . 0  10 67 106 83 95 94 . 7  

1 2 . 5  7 1  1 1 1  88 87 99 . 5  1 2 . 5  61 105 81 82 89 . 3  

1 5  65 101  81  89 91 . 0  1 5  47 92 82 82 85 . 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -

TABLE lC:  ACTI VAT I ON T I ME OF SP I L L  SWITCHES : SERIES 2 TESTS : SW I TCHES RECESSED 6ITTTI I NTO D I LUT ION OPEN ING 

LOCAT I ON B 
SWITCH l : OPEN @ 80 . 5C SWITCH 2 : 0PEN @ 7 3 . 3C 

PRESSURE T I ME TEMPERATURES ( C )  AVG TEMP PRESSURE T I ME TEMPERATURES ( C )  AVG TEMP 

( Pa )  ( sec) 4 5 6 ( C )  ( P a )  ( sec)  1 2 3 ( C )  

7 . 5  26 60 90 23 7 5 . 0  7 . 5  26 60 90 23 57 . 7  

10 39 81 85 67 8 3 . 0  1 0  36 78 82 66 75 . 3  

1 2 . 5  49 86 78 79 82 . 0  12 . 5  46 84 76 7 7  79 . 0  

1 5  6 1  87 7 5  83 81 . 0  1 5  49 82 73 76 77 . o  

- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -

TABLE l D :  ACT I VAT ION T I ME O F  SP I L L  SWITCHES : SER I ES 2 TESTS : SWITCHES RECESSED 6ITTTI INTO D I LUTION OPEN ING 

LOCAT ION C 

SWITCH l : OPEN @ BO . SC SWITCH 2 : 0PEN @ 7 3 . 3C 

PRESSURE T I ME TEMPERATURES ( C )  AVG TEMP PRESSURE T IME TEMPERATURE S ( C )  AVG TEMP 

( Pa )  ( se c )  1 2 3 ( C )  ( P a )  ( sec) l 2 3 ( C )  

7 . 5  102 69 83 29 84 . 7  7 . 5  87 66 75 3 0  5 7 . 0  

1 0  6 1  87 83 84 7 7 . 0  10 52 83 78 86 82 . 3  

1 2 . 5  n/a n/a n/a n/a 1 2 . 5  n/a n/a n/a n/a 

15 59 86 79 87 74 . 7  1 5  56 85 78 85 82 . 7  
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CONCLUSIONS 

Warning Devices ( Spill Switches ) 

The results of these tests indicate that it  s hould be 

pos s ible to deve lop a number of d ifferent devices to warn of 

the occurrence of abnorma l combustion products spi l l age from 

a natura l ly a spirating gas furnace or to s omehow a lter the 

operation of the furnace ( e . g .  turn it off or activate a 

draft inducer ) when such spi l lage occurs . These devi ces 

could all be triggered by a temperature sens itive switch 

( spi l l  switch ) of the Therrnodisc type , whi ch has been shown 

to react con s i s tently to spi l lage incidents . 

However , the se tests were not exhaus tive ; e . g .  the effect of 

cold ba ckdrafts wa s not a s s e s sed . 

Draft-As sisting Chamber 

The prototype " draft - a s s i s ting chamber "  eva luated in thi s 

pre sent testing has been shown to be an effective remedial 

measure for containing spil lage of combustion products from 

the di lution opening of natura l ly aspirating gas furnaces in 

houses where combustion venting is a minor problem . Unfor­

tunately , the prototype tests does not appear to improve the 

House Depressuri zation Limi t s i gnifi cant ly . 

The reasons for this lack of s i gnificant improvement are not 

c lear at thi s  stage , s ince theoreti cal mode l l ing showed a 

potenti a l  improvement in system driving pres sure s  of the 

order of 3 Pa . One explanation can be postulated at thi s  
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s tage : The particular prototype chosen may have a l lowed the 

hot portions of the gases to s tratify out of the way of the 

main backdrafting stream , thus losing potentia l  buoyancy in 

that stream . Another factor may have been the fact that the 

test hou s e  had a rather high depressurization limit ( 7 . 5  Pa ) .  

The chamber would be expected to have a more pronounced 

effect in rai s ing the depre s surization limit of a house which 

s tarted at a lower level . 

Thi s  res earch ha s not addres sed the i s sues of code and 

regulation amendments or waivers whi ch might be required to 

permit the widespread use of the draft-a s s i sting chamber .  

However ,  the results of the before and after heat-up / cool­

down tests indicate that the draft-a s s i sting chamber does not 

affect the norma l operation of the furnace /flue system . 

Draft Inducer 

The draft inducer , too , appears to be an effective remedial 

measure . It improves the House Depres surization Limit by at 

least 2 0  Pa which is sufficient to overcome all but the most 

s evere combinations of natura l ly a spirating gas furnaces with 

tight bui lding enve lopes and large capacity exhaust equip­

ment . 
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OVERALL PROJECT SUMMARY 

The pro ject reported on here wa s des i gned to expand on previous 
s tudies of the problem of incomplete venti ng of combustion 
products from heating appliances in order to approach a more 
nearly comprehens ive understanding of the extent and nature of 
the problem in the Canadian hous ing s tock . Thi s pro ject , whi ch 
was carried out for Canada Mortgage and Hous ing Corporation by 
the Scanada Sheltair Consortium Inc . , con s i s ted of the s even sub­
pro j ects des cribed be low . 

PROJECT 1 COUNTRY-WIDE SURVEY 

Spi l lage detectors were instal led on the dra f t  hoods or baro­
metric dampers of gas and oil furnaces and water heaters in 9 3 7  
houses spread throughout the Vancouver ,  Winnipeg , Toronto , Ottawa 
and Charlottetown regions . The detectors were l e f t  in  place for 
approximately 2 months in late winter . 

Of the ga s heated houses surveyed , 1 0% had experienced prolonged 
and unusual amounts of combustion gas spi l lage and 65% had 
experienced either short duration s tart-up spil lage or prolonged 
spil lage of sma l l  amounts of combus tion gas . Of the oi l heated 
houses , 55% had experienced signi ficant spil lage of high tempera­
ture combu stion gas , but some of thes e  spi l lage events may have 
been of only short duration . 

Pre l iminary analys i s  indicates that spil lage problems s eem to be 
related to the fol lowing house or heating sys tem characteri stics : 

Winnipeg houses ( believed to be more nearly airtight due to 
extens ive use of s tucco ) 

pre-1945 houses 

post-1975 houses  

one storey houses 

exterior chimneys 
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ma sonry chimneys 
wi th 
under - s ized 
meta l l iners 

houses  with three or 
more exhaust fans 
hous e s  wi th two open 
masonry f i replaces 
poorly maintained 
heating appli ances 
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PROJECT 2 MODIFICAT IONS AND REFINEMENTS TO THE FLUE S IMULATOR 
MODEL 

FLUE S IMULATOR , a detai led theoretical computer-based model of 
the combus tion venting proce s s  had been deve loped for CMHC prior 
to thi s  pro j ect . It is intended for use as an aid in  
unders tanding the mechani sms of combustion venting fai lure and 
the c ircumstances that give rise to them . The modi f i cations 
undertaken in this pro j ect .were intended to make the program 
ea s i er to use and to a l l ow it to model a wider variety of 
furnace / f lue/house systems . The modi f i cations inc luded -

o re f inements to a l gori thms 
o more e f f icient operation of the program 
o mode l l ing additiona l features and system types 
o user- f riendly input and output 

The mod i fied model wa s va l idated against f ield test data and used 
to inves tigate a number of i s sues . 

A s eparate deve lopmental vers ion of the program , cal led WOOD 
BURNING S IMULATOR , wa s succes s fully developed to model the 
c ombustion and combustion venting proce s s  in wood s toves and 
f ireplace s . 

PROJECT 3 REF INEMENT OF THE CHECKLI STS 

A procedure for identi fying and diagnos ing combus tion venting 
fai lures had previous ly been developed for CMHC - the Re sidential 
Combust ion S a fety Checkli st . This pro ject provided an opportun­
ity to re f i ne the check l i s t  and deve lop variations of  it suitable 
for a variety of poss ible users such as furnace s ervice person­
nel , air  seal ing contractors , homeowners , etc . Early in the 
pro j ect , it wa s decided to separate the identification procedures 
f rom the diagnostic procedures . Thi s  a l lowed the proce s s  of  
identi fying houses with potential for combus tion venting problems 
to remain re lative s imple and a l lowed the diagnostic proces s  to 
become more complex s ince it would only be used on houses where 
the extra e f fort would l ikely be worthwhile . Thus the origina l 
backdra f t  check l i s t  has grown into f ive s eparate tests /procedures 

Venting Sys tems Pre-test 
a qui ck , visual inspection procedure whi ch identi fies  a house 
as either unl ikely to experience pres sure-induced spil lage or 
requi ring further inve stigation 
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Venting Sys tems Test 
a detai led test procedure for determining to what extent the 
combustion venting system of a house i s  a f fected by the 
envelope airtightnes s  and operation of exhaus t  equipment , 
perhaps the clearest des cendent of  the o ld backdra ft check­
l i s t . 

Chimney Performance Tes t  
a s imple method of determining whether a chimney i s  capable 
o f  providing adequate dra f t  

Heat Exchanger Leakage Test 
a qui ck method of determining if the heat exchanger of  a 
furnace has a ma j or leak 

Chimney Safety Inspection 
a vi sua l  check for ma intenance problems in the chimney system 

These tes t s / procedures are a l l  presented in a manua l entitled 
" Chimney Saf ety Tests " .  Ful l trials  of the procedures were 
carried out on the case s tudy houses inves tigated in Pro j ect 6 .  

PROJECT 4 HAZARD AS SESSMENT 

Al though little wa s known at the outset of  thi s  pro j ect about the 
frequency of  combus tion spi l lage , even les s wa s known about how 
much of a health ha zard such spi l l age repres ents . There fore thi s 
sub-pro j ect wa s inc luded to investigate the rea l nature of  the 
health and sa fety ri sk a s sociated with venting fai lures . The 
work wa s divided into five tasks -

1 .  Review of current knowledge on po l lutant generation due to 
improper venting of combus tion appliances ( literature 
review ) . 

2 .  Deve lopment of a computer program to predict leve l s  of  
various pol lutants under various combustion venting failure 
s cenarios . 

3 .  Acqui s ition and cal ibration of a s et of  ins trument s required 
to measure the various pol lutants at the level s  predicted by 
the computer model . 

4 .  Moni toring pol lutant levels in problem houses ident i fied in 
the Country-wide Survey ( Pro j ect 1 )  us ing the ins truments 
acquired in Ta sk 3 .  

5 .  Analys i s  of  the results of Task 4 to arrive at an overa l l  
a s se s sment o f  the hea lth ha zard repres ented by combus tion 
venting fai lures in Canadian houses . 
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The results indi cate that , in mos t  houses , one would rarely 
encounter acute , immediately l i f e-threatening concentrations of 
pol lutant s a s  a result of combustion spi l l age from furnaces or 
water heaters . However , chronic health risk due to low leve l , 
long term exposure to pol lutants , particularly N02 1 may be a 
more s igni f i cant problem which requires further inve stigation . 
High leve l s  of  CO do not seem to be caused by the problems which 
cause spi l lage and thus occur in spillage events only as a result 
of coincidence . 

PROJECT 5 REMEDIAL MEASURES 

Remedia l  measures for pre s sure-induced combustion venting 
problems were identi f ied and researched for a number of di f f erent 
types of combus tion appl iances . 

The remedial measures identif ied for F IREPLACES were : 

Spil lage Advi sor 
Thi s  i s  an ad j u s table volume a larm triggered by a 
combination of particulate and CO detectors and intended 
to be mounted on the front of the mantle or on the wa l l  
j ust above the f i replace . 

Ai rtight Glass  Doors Combined With An Exterior Combustion Air 
Supply Duct 

The research indicated that conventiona l glass  doors are 
not nearly airtight and do l ittle to s eparate the f ire­
place from the house ' s  pres sure regime . Prototype doors 
us ing spec ial glas s , heavier than normal s teel f rames 
and special sea l ing techniques were f abricated and 
instal led and tes ted . It was found that these doors 
increa s ed the l evel of house depre s suri zation required 
to cause pro longed spil lage from the fireplace from 3 Pa 
to 22 Pa . I t  i s  estimated that the insta l led cost would 
be $600 . Further research on the e f fect of  airtight 
doors on temperatures within the f ireplace and f lue and 
the pos s ible hazard to surrounding combustible materials  
i s  required . 

The remedia l  measures identified for GAS -F IRED APPLIANCES were : 

.. 

Spi l lage Advi sor 
Thi s  could be s imi lar to the f ireplace spil lage advisor 
but would be triggered by a heat probe mounted in the 
di lution port of the appliance . The heat probes inve s -
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tigated could a l s o  be used to trigger other remedia l  
measures d i s cus s ed below . 

Dra ft-inducing Fan 
A paddle-wheel-type fan mounted in the vent connector 
wa s found to increa se the level of house depres suri za­
tion required to cause irreversible spi l lage f rom a 
natural ly a spirating gas furnace f rom 7 Pa to more than 
20 Pa . 

Dra f t - a s s i sting Chamber 
A chamber surrounding the appliance ' s  di lution port and 
extending downwards contains combus tion products f l owing 
out of  the di lution port and pro longs the period before 
they are actua l ly spil led into the room . I t  wa s 
expected that the chamber would a l s o  u s e  the buoyancy of 
the conta ined combustion products to a s s i s t  the f lue in 
deve loping upward flow and thus would i ncrea s e  its  
res i s tance to house depres suri zation ; however , the 
results obtained with the prototype tes ted did not live 
up to expectations . It is  expected that modi f i cation of 
the de s i gn and tes ting with a furna ce / f lue /hou s e  
combination more prone t o  pre s sure-induced spi l lage wi l l  
improve thi s  a s pect of  the chamber ' s  performance . 

The re search on remedial measure s for OIL-F IRED APPLIANCES 
indi cated that s table backdra fting i s  unl ikely to be a problem 
with o i l - f ired appl iances s ince the pre s s ure generated by the 
burner blowers is able to rapidly overcome backdra f ting due to 
house depres suri zation and initiate upward f l ue f low . However ,  
this pre s suriz ation o f  the f lue sys tem i s  what a ccounts for the 
s tart -up spil lage as sociated with o i l  appliances and it i s  the 
duration of thi s  spi l l age that remedial mea sures must addres s .  
The measure s identi f ied were : 

Solenoid Va lve 
By delaying the s tart of combustion unt i l  the burner has 
had a chance to overcome backdraf ting and initiate 
upward f lue f low , the solenoid valve reduces the 
duration o f  s pi l lage but does not e l iminate it  a l ­
together . 

Dra ft- inducing Fan 
A f an , s imi lar to that described above under gas 
appliances , mounted in the f lue pipe downstream of  the 
barometric damper is not needed to overcome backdra fting 
s ince the burner blower can do thi s . However ,  it  does 
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relieve pres suri zation of that portion of the f lue pipe 
ups tream of  itself  and hence reduces spi ll age f rom that 
portion . There can still  be spi l l age from the down­
s tream portion ; but , s ince that portion does not include 
the barometric damper , it i s  eas ier to seal . 

Elimination of the Barometric Damper 
Provi s ion of  a we l l - sealed f lue pipe without a baro­
metric damper is one obvious way to reduce spi l lage . 
However ,  elimination of the barometric damper exposes 
the burner to the full chimney draft and disturbs the 
combus tion process  of conventional burners . Therefore 
this procedure must include replacement of the conven­
tiona l burner with a high pres sure burner whi ch is les s 
inf luenced by f lue pres sure . Provi s ion of an insulated 
f lue l iner i s  often inc luded as part of thi s  measure . 

The work on MAKE-UP AIR SUPPLY remedial measures was l e s s  
directed towards spec i f i c  measures but s erved t o  c larify a number 
of genera l air supply i s sues . It indicated that the provi s ion of 
additiona l supply air i s  not l ikely to be e f f ective as  a remedy 
for pres sure-induced spil lage of combus tion products i f  the 
supply air is introduced unaided through an envelope opening of 
any s i z e  l ikely to cons idered practica l . It is  only l ike ly to be 
e f fective if  a supply air fan i s  used and i f  that fan has a 
capacity at lea st equal to the total capacity o f  a l l  exhaus t  
equipment it i s  attempting to counteract . The dis charge f rom 
such a supply air fan can be introduced es sentia l ly anywhere in 
the hous e ,  but is l ikely to create f ewer therma l comf ort problems 
i f  introduced in a norma l ly unoccupied area such as the furnace 
room . 

The knowledge generated in the remedial measures res earch and 
a l ready avai lable to Cons ortium members was synthes i z ed into the 
draf t  Remedial Measures Guide , a manual intended to be a deci­
s i on-making guide for tradesmen and contractors who have identi­
f ied pre s sure- induced spi l lage problems in houses wi th vented 
f ue l - f ired appl iances and want to know how best to remedy these 
problems . I t  i s  des i gned to accompany the Venting Sys tems Test . 
Although the dra ft Guide i s  not yet comprehens ive and in some 
cases  des cribe s procedures whi ch have not been thoroughly f i eld 
tested and /or approved by regulatory authorities , it is hoped it 
wi l l  s timulate thought and discus s ion and improve current trade 
practice s . 
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PROJECT 6 PROBLEM HOUSE FOLLOW-UP 

Twenty of the houses identif ied in the country-wide survey a s  
experiencing the worst combustion spil l age probl ems were vis i ted 
with the f o l l owing ob j e ctives : 

to categori z e  and quanti fy the nature o f  venting f a i lures 
to i s olate contributing factors 
to collect f ield data on venting f a i lures for use in the f lue 
s imulator model va l idation 
to mea s ure the frequency and quanti ty o f  spi l lage in probl em 
houses  
to measure the approximate impact on air qua l ity o f  venting 
fai lure s in houses 
to eva luate the e f fectivenes s  o f  the chimney s a f ety tests in 
diagno s i s  of fai lure s and ident i f i cation of remedi a l  mea s ures 
to eva luate communications technique s  
t o  eva luate remedial measures under f i eld conditions 

I n  mo st o f  the houses , there were s everal f actors that were 
a s ses sed as contributing causes of the combustion spil lage 
problem - thus confirming the " sys tems " nature o f  the probl em . 
I t  i s  a l s o  worth noting that , in many hous e s , a lthough the 
spi l lage observed was indeed pres sure-induced , it occurred at 
quite low leve l s  o f  house depre s s urization becaus e  the chimneys 
were only able to generate very weak draft due to s ome problem 
s uch a s  a blocked or leaky f lue . The main problem in the s e  
cases , there f ore , wa s not depres suri zat ion but weak chimneys . 

PROJECT 7 COMMUNI CATI ONS STRATEGY 

As the survey revealed that the problem , whi le s ubstantial , i s  
not epidemi c in proportion , there i s  no need t o  create widespread 
a la rm in the genera l publ i c . A communi cation s trategy h a s  been 
draf ted with thi s  in mind . It places emphas i s  on mot ivating the 
heating and hous ing indu s tries to be aware of the combus ti on 
venting problem and its causes and to make e f fective u s e  o f  the 
diagnostic too l s  and preventive and remedial mea s ures developed 
in this pro j ect . 

OVERALL PROJECT SUMMARY AND CONCLUS I ONS 

The pro j ect has gone a long way towards meeting its origina l 
ob j ective s and has s igni f icantly advanced the state -of - the-art in 
this f ie ld . 
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It has led to improved unders tanding o f  the combus tion venting 
proces s and con f i rmed the " sys tems " nature of the f a i lures that 
l ead to combus tion venting problems . 

I t  appears that a s igni f i cant portion o f  the Canadian hous ing 
s tock has potentia l  for combustion venting fai lure to o ccur on a 
regular bas i s . I n  most cases , this i s  unlikely to l ead to 
immediate l i f e-threatening pollution l eve l s , but long term 
chron i c  hea lth hazards could be a problem ; however this latter 
concern requires further investigation before any def inite 
conclus ion can be reached . 

A number of techniques are avai l able for identi fying houses prone 
to combustion venting f a i lure and for diagnos ing the causes of 
such fai lure . There are a l s o  avai lable a number o f  mea sures for 
preventing combustion venting fai lure in new houses and for 
remedying it in exis ting houses . A communication strategy has 
been draf ted for conveying these techniques and meas ures to 
relevant people in the hous ing and heating industries and for 
encouraging them to make use these tool s .  
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PROJECT 5 . 2 :  RESEARCH PLAN FOR GAS FIRED APPLIANCES 

1 . 0  INTRODUCTION 

The purpos e  o f  thi s research plan i s  to identify the mos t  promi s ­

i n g  remedi a l  meas ures f o r  correcting or avoiding venting fai lures 

in gas f i red appl iances and to lay out a course of action for 

pre l iminary investigation of these mea sures . 

The detailed terms o f  reference ( i s sued Dec . 1 7 , 1 9 8 5 ) outl ined 

f our areas whi ch deserve priority attention . These are : 

1 )  Induced Dra ft Kits 

2 )  Fai l s a f e  and Alarm Sys tems 

3 )  Wind Diverting Caps 

4 )  A Dra f t -As s i st ing Chamber 

Further inve s tigations into remedial measures revea l ed an 

additiona l category : 

5 )  Optimi zation of the S i ze o f  the Di lution Device Opening 

( Al s o  ident i f ied wa s the " combustion air s upply sys tems " category 

for gas appliances , which wi l l  be handled for a l l  fuel types by 

SRC . ) 

Thi s  research plan i s  bas ed on exi s ting devices and/or techniques 

tha t , i f  s e l ec ted , would have a high probabil i ty of correcting or 

avoiding venting fai lure s . In addition , the chos en remedial 

mea sure s are to be applicable to a ma j ority o f  hou s e s  experienc­

ing s igni f i cant probl ems . 
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In order to ensure that the chosen remedi a l  measures have a high 

probabi lity of being ready for immediate or near term use by the 

public , the survey is l imited to those devices or techniques that 

are wel l  deve loped or wi l l  be in the near future . The s e l ection 

process  identi f ied measures that should be practi cal , common 

s ense so lutions that are also  reas onably priced . 
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2 . 0  LITERATURE SEARCH 

The f irst task in thi s res earch plan was to review the most 

recent surveys and studies in the f ield o f  remedial measures f or 

gas f ired appliances for residential appli cations . Based on thi s 

review ,  three o f  the mos t  promis ing mea s ures were chosen for 

deta i l ed f ield eva luation . The survey inc luded recent s tudies 

conducted by CGRI , CCRL , Sheltair Scient i f i c  and S canada Consul ­

tant s . 

Dra f t  Inducers 

Survey/As s e s sment of Dra f t  Inducers , Energy Sys tems Centre , ORF , 

March 1 9 8 5 . 

Fai l S a f e  and Alarm Sys tems 

Deve lopment and Te sting of a Thermal Spi l l  Switch f or Convention­

al Ga s Fired Furnaces and Water Heaters , Consumers ' Gas Company , 

February 1 9 8 6 . 

Tes ting o f  Warning and Sa f ety Swi tches ,  CGRI , October 1 9 8 5 . 

Monitoring Chimney Performance in Four Ottawa Houses , Sheltair 

Scienti f i c , April 1 9 8 5 . 

Res idential Combus tion Sa f ety Checklist , Sheltair Sci enti fic , 

December 1 9 8 4 . 
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Personal Communications wi th Mi chael D .  Monette , Aptech Detectors 

Inc . 

Communi cations between NEWTEC INDUSTRIES ALARM and Sheltair . 

Wind Diverting Caps 

Chimney Cowl Laboratory Tests , Polytechnic I nnovation and 

Res ource Centre , Lab Tes t  Report . 

The Testing o f  Fu l l  Scale Ventilator Cap Types to Determine Thei r  

E f fect o n  Natural Venti lation , Po lytechnic Innovation and 

Resource Center . 

Dra ft -As s i s ting Chamber 

Concept De s c ription , January 1 9 8 5 . Patent Appli cation , Augus t  

1 9 8 5 , S canada Consu ltants Limited . 

The above reports were s e l ected on the bas i s  of recommendations 

o f  res earchers f ami liar with the problems o f  spi l lage and 

backdra f ting of gas f i red appl iances .  Thes e  inc lude Don Fugl er 

o f  CMHC , John Rinel l a  of Consumers ' Gas and Michael Tremayne of 

EMR . Fo l l ow-up convers ations with each o f  thes e  individuals  

ensured that the inf ormation and status o f  each o f  the mea sures 

examined in thi s  res earch plan was a s  current a s  pos s ible . Mos t  

o f  the legwork has been performed by thes e  individua l s  and only 

thos e  mea s ures that s howed the most promi s e  h ave been brought 

forward . Further sys tematic searching might yield other meas ures 
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that are promi s ing and s t i l l  require further tes ting or ref ine­

ment . The remedial measures des cribed herein can thus be 

l abe l led " the mos t promi s ing technology ident i f i ed to date " . 

Thi s  labe l wi l l  undoubtedly change for s ome measures over the 

cours e  of thi s  pro j ect . 

2 . 1  Review of Remedial Measures 

The f o l lowing s ection summari zes the f indings of severa l 

s tudies on various remedial measures . Ba sed on thi s review 

the most promi s ing remedial measures wi l l  be highlighted . 

Dra ft Inducers 

Based on the s urvey performed by ORF on Dra ft Inducers , f our 

type s of inducers were found suitable for retrofit to 

res idential gas appliances . These were : 

1 )  An In-Line Power Venter 

2 )  A S ide Wa l l  Venter 

3 )  A Megas ave Supermate Condens ing Package 

4 )  A Heat Extractor 

The l a s t  two products pertain to the convers ion of conven­

tiona l gas f i red appliances to condens ing gas furnaces . 

Although a viable remedial measure { the vertica l chimney i s  

e l iminated a s  i s  mos t  o r  a l l  o f  the spi l lage and backdraf t 

probl ems ) ,  the cost o f  thi s retrofit ( $ 1 2 0 0 - $ 1 5 0 0 ) and the 

much broader ob j ective met by thi s  device ( i . e .  energy 
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cons ervation ) prec ludes its application in thi s  res earch 

plan . 

The Side Wa l l  Venter resolves the ba ckdra f ting probl em in the 

s ame way a s  does the condens ing gas furnace retro f i t s  by 

exhaus ting combustion gases hori zont a l ly to the s ide of the 

hou s e  ( i . e .  powered exhaus ting ) .  Thi s may repres ent a 

mid-cost so lution in the context o f  resolving conventional 

ba ckdra fting and spi l lage problems . However , in the event o f  

blocked o r  damaged chimneys thi s may be the mos t  cost ef f e c ­

ti ve al ternative t o  rebui lding the chimney . E s t imated costs , 

instal led , wa s quoted at about $ 6 0 0 . 

The In-Line Power Venter i s  compri s ed o f  either a prope l ler 

or centri fugal type exhauster de s i gned to provide positive 

venting for gas fired appliances . Like the S ide Wa l l  Venter , 

thi s  device appears to be a practica l mid-cost solution to 

ba ckdra fting and spi l lage . The advantage o f  the In-Line 

Power Venter over the Side Wa l l  Venter is the Power Venter 

reta ins the use of the exi s ting chimney . C l early an In-Line 

Power Venter that mechanica l ly a s s i s t s  dra ft would e l iminate 

spi l lage and ba ckdra fting problems . Presumably the control s  

of this sys tem could b e  integrated with the thermos tat to 

provide induced dra ft in respons e  to f urnace demand . 

One concern i s  the potential backdraf ting o f  f ireplaces i f  

the Power Venter contributes s i gni f icantly t o  the depres s ur­

i zat ion of the hou s e . Thi s  could be resolved by coupl ing the 

Power Venter to a motori z ed damper on a combustion air s upply 

opening . The cost of thi s In-Line Power Venter ranges 

between $ 4 0 0  to $ 6 0 0 . Additional costs o f  the combustion 

supply duct , motori zed damper and control sys tems to inte-
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grate thi s  whol e  sys tem would probably add another $ 2 0 0 . 

Further deve lopment a s  wel l  a s  volume production o f  thi s  

s ys tem might help t o  bring down costs i n  the future . 

Fai l  S a f e  and Warning Devi ces 

Although thes e  mea sures might not be cons idered a s  remedial 

mea s ures in the s ense that they do not promote pos itive 

dra f t , they are designed to s ignal the exi s tence o f  the 

problem whi ch in itse l f  is a very important part of the 

s o lution . 

A recent survey by CGRI reviewed current research and 

development o f  warning and s a f ety devi ces . According to that 

s tudy , warning devices were cons idered devices that detected 

the pre s ence of combustible gases . These devices were f itted 

with an audible a larm only . Saf ety devices were cons idered 

switches which shut down equipment i f  combustion gases were 

not venting properly . 

The s tudy showed that most warning devi ces that rel ied on the 

detection o f  combustibles or Carbon Monoxide ( CO )  were 

sus cept ible either to false a larms or were s imply unre l i ­

able . To date , only one C O  s ensor manufactured by Co-Sensor 

International i s  currently on the market . Di s cu s s ions with 

Don Fugler of CMHC suggest that , bas ed on a 4 0  house survey , 

CO leve l s  in thE1 s tack gas rarely exceed 5 0  ppm with mos t  

being we l l  be l ow . Current information suggests that the 

minimum detection level for the CO s ensor manuf actured by 

Co-Sensor i s  in the range of 1 0  to 5 0  ppm , however , product 

l i terature i s  s ti l l  unavai l able from the manufacturer . I f  

such s ens itivity can be confirmed , thi s  might prove t o  b e  a 
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suitable warning devi ce for eva luation . Another concern i s  

the " guess timated '' l i f e  span of the s en sor o f  about 3 years , 

whereupon the s en s or mus t  be re- calibrated back at the 

factory . Costs of thi s  sensor were quoted at about $ 1 0 0 . 

Newtec I ndustries Alarms i s  a l s o  working on CO detector 

technology in combination with a semi -conductor s ensor . Thi s  

a l l ows the detector t o  recogn i z e  carbon monoxide at lower 

l imits . According to the manufacturer , l aboratory results 

are encouraging but at pres ent the info rmat ion is propri ­

etary . Costs are expected to be about $ 6 0 . 0 0 .  Fina l ly ,  

a l though the spi l lage o f  CO i s  the most s erious problem , 

especi a l ly f or ma l f unctioning furnaces , it i s  not the only 

one . I t  may be a better strategy to identi fy a l l  spi l l age 

epi s odes , thereby addres s ing other concerns ( e . g .  air 

qua lity ,  moi s ture generation ) and introduc ing a s a f ety f actor 

in the detection sys tem . 

CGR I a l s o  revi ewed s a fety devices and f ound no exi s t ing 

retrofit options f or conventiona l ga s f i red furna ces a l though 

various s a fety devi ces are incorporated in new , h igher 

e f f i ciency furnaces . Al l thes e  devi ces are de s i gned to shut 

down the equipment if insuf f ic ient venting exi s t s . Thes e  

s ensors are ba sed o n  pres sure sens ing . CGRI h a s  been working 

on a temperature ba sed spi l l  switch that can be retrof itted 

to conventiona l gas furnaces and the results appear promi s ­

ing . The devi ce i s  a temperature s en s itive liquid which when 

heated expands within a sea led tube unt i l  suf f i ci ent pre s s ure 

bui lds up to trigger a switch . Both manual and automatic 

resets are avai labl e . The device i s  a l s o  f a i l s a f e , i . e .  in 

the event the sealed tube breaks the switch wi l l  automati­

c a l ly be triggered , shutting down the appl iance . A f o l low up 

convers ation with John Rine l la o f  Consumers '  Ga s indi cates 
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that no further work has been done on this spi l l  switch s ince 

October 1 9 8 5 . According to Rinella , the cost of thi s  switch 

wou ld be only a f ew dol lars . 

I f  the tube did f a i l  and the furnace was shut down , ( and 

there is no information on the l i fespan of thes e  tubes ) ,  

there i s  concern about the freez ing of the house in the event 

the occupants were not home . One pos s ibil ity would be to in­

tegrate an over-ride switch that would turn the f urnace back 

on at s ome low temperature that would , neverthel e s s , be above 

f reez ing . Appropriate indi cators would be incorporated to 

a lert homeowners of a spil lage or backdra ft occurrence while 

they were away . Again , as the leve l of sophistication 

i ncrea s e s , s o  does the cost . 

S imi l ar warning and saf ety devi ces have been under develop­

ment by Sheltair Scientific for the past two years . These 

devices are also based on temperature s ens ing . One o f  these 

is  a SNAP THERMODI SC ,  made of a heat sensitive switch , which 

when i s  exposed to a temperature that exceeded the factory 

set l imit would set o f f  an audible a larm .  Experience has 

indicated that the e f f ectivenes s  of these devi ces is very 

sensi tive to their placement on or near the dilution devi ce . 

Work both by Sheltair and Monette of Aptech has re sulted in 

extens ive mapping of the temperature profiles  in and around 

the di lution port . The results have produced spec i f i c  

locations i ndicating areas f o r  optimum placement o f  the 

devi c e  to s en s e  either a ba ckdra ft or spi l lage . Monette has 

a l s o  extrapo lated thi s  work to various furnace types and 

f ound that s ignif icant variations in placement are needed 

from one f urna ce type to another . The application o f  thi s  

remedi a l  mea s ure would requi re that a l l  pos s ible f urnace 
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types and con f igurations be completely documented i f  i t  i s  to 

be applied succe s s f u l ly by the indu s try . 

The pos s ibi l ity o f  extending the capabi l i ty of thi s  warning 

devi ce to a l s o  inc lude a spi l l  switch or f a i l s a f e  that would 

shut off the f urnace was investigated by Sheltair but aban­

doned because of the i ncreased complexi ty a s sociated wi th 

combining an alarm with a f a i l s a f e  mechan i sm . Additional 

complexities of providing a low temperature over-ride would 

also add to the cost of thi s  devi ce . Fai l s a fe devic e s  f or 

the DHW have a l s o  been developed . The l imi tations o f  the s e  

devi ces i s  that they have a manua l reset and they a l s o  

extinguish the pi lot light of the DHW . 

Wind Divert ing Chimney Caps 

Some aerodynami c testing o f  various chimney venti lato r  caps 

were f ound in l iterature . These tests are recorded i n  the 

two ref erences cited previou s ly . Reported in the s e  two 

sources are test results for : 

- an air foil  

- a delta wing 

- an air shield 

- a turbine 

- a chimney cowl 

- open s tack ( no device ) 

The first f our devi ces showed varying degrees o f  dra f t  

improvement over a chimney a t  higher wind s peeds ( 1 0 - 3 0  mph ) 

( 4 . 5  - 1 3  m/s ) with the air f o i l  s howing the l arge st and the 
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turbine the sma l lest e f fect . 

dra fting wind wa s not tes ted . 

hand , wa s s hown to e f fectively 

However ,  their e f f ect on down 

The chimney c owl on the other 

prevent backdraf ting due to 

down dra f ting wind when it wa s properly s i z ed for the f lue . 

Cowl s that were too sma l l  did not prevent downdrafting and 

carried s pi l lage in calm condi tion s . As thi s  devi ce addres ­

s e s  spec i f ical ly the problem o f  downdrafting winds , i t  should 

be tes ted in thi s s tudy i f  the appropriate case is found . 

Dra f t -As s i s ting Chamber 

The dra f t -a s s i sting chamber i s  positioned between the combus­

tion chamber and the f lue pipe of a heating appl iance . The 

sys tem wa s conceived by Michae l Swinton of S canada Consul­

tant s in December 1 9 8 4 , and a patent application was made in 

August 1 9 8 5 . The concept ha s been rigorous ly model l ed using 

the '' FLUES IM " computer s imulation and the results are very 

encouraging . Exploratory f ield testing has been undertaken , 

a l so yielding encouraging results . Thi s mea s ure has been 

included in thi s review for s everal reas on s : 

1 )  The concept i s  a practical and common s ense measures . 

2 )  The chamber should be inexpens ive and easy to manufac­

ture . 

3 ) The concept i s  total ly pas s ive ( i . e .  no moving parts ) .  

4 ) The chamber can eas i ly be adapted to existing gas 

appliance s , inc luding hot water heaters . 
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5 ) It has been conceived to minimi z e  interference with the 

norma l operation of atmospheric burners . 

The ob j ective o f  the tes ting would be to eval uate the worth 

of thi s device in preventing and/or containing and revers ing 
s pi l lage and backdra fting under conditions that produc e  these 

phenomena . 

Opt imi zation of the S i ze of the Di lution Port 

Prel iminary investigations through the model l ing work and 

ana lys i s  of a l imited number of f ield tes t s  have sugges ted 

that decreas ing the s i ze of the d i l ution port may have a 

pos itive ef fect on the dra ft by a l lowing more o f  the furnace 

buoyancy to be diverted to the f lue , thus energi z ing the f lue 

instead o f  directly spi l l ing the combustion products into the 

room . The impli cation i s  a potenti a l  reduction of the 

occurrence of spi l lage and backdraf ting . The ease in modi fy­

ing the s i z e  of the di lution port makes thi s concept a 

relative ly s imple mea sure to inves tigate . 

NOTE : Pre l iminary tes ting of both the dra f t-as s i s ting 

chamber and of the Di lution Port Reduction Option has s hown 

that pres ent bui lt-in di lution devi ces do not have continuous 

wa l l s  { there a re openings that l ead down to the c ontrol a rea , 

and up the s ide of the devi ce ) s o  that inherent in thes e  

latter two concepts i s  the e l imination o f  uncontrol led 

l eakage s ites . 
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3 . 0  SELECTION OF THE REMEDIAL MEASURES FOR DETAILED FIELD 
EVALUATION 

The remedia l  meas ures survey discus s ed above identif ied s everal 

a l ternative measures whi ch may help prevent or avoid spil lage or 

backdra fting . Bas ed on thi s  survey , the f o l l owing remedial 

mea s ures are recommended f or detai led f ield evaluation . In order 

of priority these are : 

1 )  Warning and s a f ety devices 

2 )  Dra f t-as s i sting chamber and dilution port s i z e  modif ication 

3 )  An in-l ine power venter 

Al though wind diverting caps do have the potenti a l  f or reducing 

or e l iminating downdra fting , thi s measure has not been inc luded 

in thi s res earch plan because it was cons idered that the inci ­

dences o f  backdra fting o r  spil lage directly attributable t o  wind 

e f fects i s  a minority of the cases . However ,  i f  a problem house 

i s  f ound in the s urvey that appears to be a c lear cut case o f  

downdra fting wind action , the opportunity wi l l  b e  sei zed upon and 

a chimney cowl wi l l  be instal led . 

Each o f  the mea sures selected for f i e ld evaluation has been 

chos en becaus e  it is anticipated that there i s  a high probabi l i ty 

that s u f f i ci ent data can be gathered with the l imited field 

testing permitted in thi s  pro j ect , to reach conclus ions on its  

l ike ly e f fectivenes s  and practicabi l ity . Each of the mea sures 

wi l l  be d i s cus sed in the context of the f o l l owing : 

a )  Rationa le for the mea s ure 

b )  Ob j ective of the f ield testing 

c )  Propos ed f ield testing 

d )  Format for presentation of results 

PAGE 6 8  APPENDIX B 

.... 



RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

Warning and Saf ety Devi ces 

We propos e  that the first priority in devel oping appropriate 

remedi a l  measures for gas f ired appliances is to fully eva luate 

the mos t  promi s ing warning and s a fety devices that have been 

deve loped to date . Thes e  are the THERMODISC developed by 

She ltair and the spi l lage switch developed by CGRI . Since both 

sens ors are relatively inexpen s ive , the incremental cost to 

eva luate two s ensors in the f ield under identical operating 

conditions wou ld be sma l l . The results wi l l  provide comparative 

performance eva luations of each device . 

Obj ectives 

The devi ce eva luation f ield testing wi l l  have two ob j ectives . 

The first ob j ective i s  to examine qua l itative criteria such a s  

cost , ea se of fabri cation and instal lation , rel iabi l i ty in  

manu fa cturing ( qua lity control ) ,  and acceptabi l ity of the mea sure 

by homeowners . The last eva luation criterion wi l l  addre s s  

homeowners respon se t o  a f a i l  s a f e  device ( one that shuts o f f  the 

appl iance ) vs . an audible a larm .  

The s e cond ob j ective wi l l  be to a s s e s s  quantitatively the tech­

nical perf ormance of these two devices in  the f i e ld . The 

information that wi l l  be sought in thi s part of the f i e ld testing 

wi l l  inc lude , but not be l imited to , the fol lowing : 

1 )  Abi lity of sensor to cons i s tently detect incidences o f  

backdra fting and /or spi l lage . 

2 )  The duration o f  spi l lage before s en s or detection . 
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3) Duration of the f a i l safe or warning proces s  ( automatic re-set 

devices are a s s umed ) .  

4 )  Veri f ication of  manufacturers ' speci f ications ( i . e .  does the 

s en sor trip appropriate switches at the temperature speci f ied 

by the manufacturer ) .  

Method 

The procedure to eva luate these warning and safety devices i s  

out l ined below . 

1 )  Select three case study houses that have been documented as  

having the potential to  spi l l  or  backdraft . 

2 )  Procure three thermodi s c s  and three spi l l  switches . 

3) Verify the therma l mapping of di lution ports documented by 

Aptech and She ltair on these actual case furnaces . 

4 )  Insta l l  one thermodi s c  and one spi l l  switch at the approp­

riate locat ions . 

5) Repeat the procedure s everal times . 

For each tes t , temperature profiles at the location of  each 

s ensor wi l l  be monitored . ( The temperature sensors used to map 

the pro f i le s  in the di lution port wi l l  be left in place . )  
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Presentation of Results 

It i s  propos ed that the results be pres ented in a matrix form 

that summari z e s  the comparative performance o f  each of  the 

s ensors in terms of the qual itative and quantitative criteria 

out lined in the ob j e ctives . 

Summary 

It i s  recogni zed that the s e  devices wi l l  not promote pos i tive 

dra f t , but , if succes s ful , they wi l l  at leas t  help determine 

where more expens ive so lutions are required . The f ocus of the 

deve lopment of warning and safety devi ces i s  ba s ed on the premise 

that there i s  a fundamenta l need to alert occupants to conditions 

that pos e  a potentia l hea lth hazard . The option should be as 

inexpens ive and nui sance- f ree as  pos sible in  order to be readi ly 

accepted by the public at large . In the event o f  a potential 

hea lth ha zard ( spi l l age or backdra fting ) ,  the device should 

provide adequate warning so  that homeowners can take precaution­

ary mea sures . It is po s s ible that , in the same manner that the 

smoke a larm is not commonplace in homes , so too wi l l  spi l lage 

a larms , patterned on these prototype s ,  be commonplace on gas 

fired appl iances . The first step towards that end might be thi s 

f i e ld eva luation proce s s . 

The intent of  deve loping re liable warning or s a f ety s ensors i s  to 

provide an appropriate s a fety mechani sm for house s  that are 

margina l ly sus ceptible to spil lage and backdraf ting but do not 

warrant more sophisticated remedial mea sure s . I f  the s ensors are 

insta l led in houses with more s igni f i cant spi l lage and backdra ft­

ing problems , other measures wi l l  also be required but at least , 
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s a f ety wi l l  have been a s sured . Thi s  wil l  provide the catalyst to 

develop more sophi sti cated remedi a l  measures . 

It should a l s o  be pointed out that the development of  fails afe 

and warning devices for gas furnaces parallels  the res earch plan 

f or f i replaces . It has been proposed that a family of a l arms 

might be deve loped us ing a common hous ing and circuitry . 

Di f f erent sensors could then be instal led depending on the 

appli cation , for example , thermodi s c s  f or gas furnaces or smoke 

bas ed s ensors for f ireplace s . Thi s  seems to be a logical course 

upon which to follow .  As a result , we plan to co-ordinate the 

e f forts on the development of warning devices for gas furnaces 

with those f or f i repl aces . 

Dra ft-a s s i s ting Chamber and Optimi zation of the S i z e  o f  the 

Dilution Device 

Thes e  measures have been given a high priority because , l ike the 

warning devices , thes e  measures are l ike ly inexpens ive , easy to 

fabricate and easy to insta l l . Model l ing e f forts have indicated 

good potentia l  for these measure s . 

Objectives 

The eva luation of thes e  remedial measures has three ob j ectives . 

The first i s  to determine whether decreases in the s i ze of the 

d i lution port can reduce or eliminate incidences of spi l lage or 

ba ckdra fting . 

The s econd ob j ective is  to a s s e s s  the potential of  dra f t -a s s i st­

ing chamber a s  a devi ce that prevents incidences of spi l l age or 
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backdra f ting by containing spi l l s  and a s s i s ting the dra ft 

initiating proces s .  

Third , s ince the computer mode l l ing i s  the primary reference for 

recommending thes e  measures , it  is appropriate that thes e  theore­

tical concepts be inves tigated in the f ield . 

Method 

Thes e  remedial mea sures wi l l  be evaluated on only one house that 

ha s been documented to be very sus ceptible to spi l lage or back­

dra f ting . 

The f ield tes ting wi l l  be designed to eva luate the e f f ect of  each 

remedial measure in reducing or eliminating spil lage and /or 

backdra fting problems . 

A test procedure i s  outl ined below . 

Di lution Port Opening 

l )  Monitor the temperatures in the furnace and chimney , as  

found , for various leve l s  o f  house depre s suri zation up to 

complete backdra fting for l minute or more . Depres suri zation 

wi l l  be achieved by a blower door to permit the mea surement 

of exact leve l s  of exhaust f low rate . 

2 )  For each leve l of depres suri zation record the duration of 

spi l lage . 
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3 )  Reduce the width of the di lution port by various amounts and 

repeat depres suri zation tests , recording the temperature 

pro f i les and spi l lage times . 

4) Repeat the tests for s evera l incremental ly larger di lution 

port width s . 

5 ) Repeat the steps 1 to 4 except vary the height of  the 

di lution port . 

Dra f t -As s i s t ing Chamber 

A s imi lar procedure wi l l  be adopted f or the dra ft-a s s i sting 

chamber , except in thi s  case only one spi l lage chamber wi l l  be 

mounted and the temperature profi les and duration of spi l lage 

wi l l  be recorded for varying leve l s  of exhaust fan f l ow rate . 

In addition we also  propose to investigate the e f f ects of 

optimi zing the s i z e  of the di lution port opening with the draft 

a s s i s ting chamber . 

The chamber wi l l  be instrumented with temperature s ensors . In 

each case , suf f i cient data wi l l  be col lected to input into the 

FLUES IM model for comparison with field results . 

Typical data that would be collected includes : 

1 )  Initi a l  heat exchanger temperature . 

2 )  Di lution air temperature . 

3 )  Stack temperature . 

4 )  Flue g a s  temperature at the end of  the vent connector . 

5 ) F lue gas temperature at the top of the chimney . 
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In addition it i s  a l s o  proposed the for both the res tri cted 

di lution port and the draft-a s s i s ting chamber ,  s igns of  adverse 

impact on the combus tion proces s  wi l l  be monitored . It i s  

recommended that the house selected for thi s remedial mea sure 

a l s o  be inc luded in the f ield eva luation of warning devi ce s . 

Thi s  wi l l  reduce ins trumentation insta l l ation e f forts on the 

chimney and di lution port . 

Presentation of Results 

Duration of spil lage vs . exhaus t fan f low rate wi l l  be plotted 

for each di lution port s i z e . Quantities of combustion products 

spi ll ed into the room wi l l  be estimated . Temperatures wi l l  be 

plotted against exhaust fan f low rate for each di lution port 

s i ze . 

S imi lar results wi l l  be presented for tests performed wi th and 

without the draft-a s s i sting chamber .  

Summary 

The eva luation of the se two remedia l  measures i s  important for 

s evera l rea s on s . The measures are tota l ly pas s ive , relying on no 

moving parts or electroni c  systems , and they s hould not interfere 

with the operation o f  the existing combustion proce s s . I f  the 

results are encouraging , it wi l l  be recommended that a s eparate 

s tudy be initiated to fully eva luate these mea sures in detai l .  
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In-Line Power Venter 

Thi s  measure has been chosen to address those houses that are 

current ly experiencing recurring severe backdra f t or spi l lage 

problems . Although more expens ive , thi s measure may represent a 

near- f a i l s a f e  solution for systems with known and s evere spi l lage 

or backdrafting problems . 

Objective 

The ob j ective is  to eva luate the e f f ectiveness of  an In-Line 

power venter as a method of eliminating combus tion gas spi l lage 

and backdra f ting for houses that have been clearly identi f ied as 

problematic . 

Method 

Field tes ting wi l l  invo lve the selection of  a house that is  

experiencing frequent inc idents of spi l l age or backdrafting . The 

s everity of the spi l l age and backdraft problems wi l l  be docu­

mented using the Res idential Combustion Check l i s t  procedures . 

Temperature prof iles in the chimney and furnace wi l l  be plotted 

before and a f ter instal lation of the power venter . Various 

l eve l s  of exhaust fan f low rate wi l l  be employed us ing existing 

house f ans and f i replaces and/or blower door to veri fy the 

success of the power venter . 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

Presentation of Results 

Results  wi l l  be presented in  terms of cos t , eas e  of instal lation , 

noi s e  and degree of succe s s  of the power venter i n  el iminating 

s p i l l age and backdra f ting problems . 

In the event of  spil lage , duration of  spi llage vs . level of  

depre s suri z ation wi l l  be  plotted . 

Temperature prof i le s  for the furnace and f lue wi l l  a l s o  be 

presented be fore and a f ter instal lation . 

Degree of  occupancy acceptance wi l l  a l s o  be addre s s ed . 
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Figure 2 
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The 1 0H Series control was first developed 
for the electric baseboard heating industry 
to sense hot spots that may develop along 
the length of the heating unit. I t  has been 
used in other applications where it is  neces· 
sary to sense temperatures along a contin­
uous length. 

The capillary Is  charged with selected 
f luids 10 g ive specific calibrations. These 
f luids expand on temperature rise causing 
the diaphragm to snap through at the cal· 
lbratlon temperature and operate the elec· 
trical contacts. 

Feat u res 
Impact Action: T h e  electrical switch of the 
1 0H is powered by a welded diaphragm 
which rapidly snaps through and imparts 
its kinetic energy to the bumper which 
opens the contacts. The result ing high 
speed contact separation ensures long 
contact l ife and a minimum of radio and 
television interference. 

Switch Actions: Two different switch ac­
tions are available: 

Automatic Reset - The standard 1 0 H 1 1  is 
built with SPST contacts which will  open 
(cut-out) on temperature rise, and auto· 
mat ically reset on temperature fal l .  

Manual Reset - In the manual  reset 
design (10H 1 4) the S PST con tacts wi l l  open 
on temperature rise. The reset function 

1 operates only when the control has cooled 
to a lower temperature and the reset button 
has been depressed. 

Sensitivity: Since the entire capillary tube is 
charged, the 10H will respond to the hottest 
spot along the capillary tube or t he 
diaphragm cup. In typical applications the 
capillary tube is mounted on the surface 
being sensed. 

Flexibility: The automatic reset 1 0H 1 1  is 
available with attached lead wires (Figure 
1) ,  or with 1 /4 "  quick-connect terminals 
(Figure 2). This control - with lead wires -
can be supplied with or without the ter­
minal insulating cover which snaps over 
the top of the control .  The manual reset 
1 0 H 1 4  is suppl ied only with lead wires and 
the terminal cover (F ig ure 3). 

The standard mount ing bracket includes 
two slots . 1 70 inches wide. An alternate 
"push on" bracket is  available (Figure 4). 
For applications where the switch ambient 
temperatu re may exceed the desi red 
calibration temperature, Cross Ambient 
bulbs are available ( Figure 5). 
Quality: In  the manufact u ring processes, 
the controls are 1 00 %  checked to the open­
ing calibration temperatures. In  addition, a 
statistical quality control audit of the cal· 
ibration temperature and other critical 
variables is made prior to shipment. 

The 1 0H Series is designed with a sub­
atmospheric vacuum charged capil lary. 
This means that the contacts wi l l  auto­
matical l y  open on loss of t he f l u id in the 
capil lary. 

General Bulletin 

1 0 �-i SERI ES 
. COl\Ji .. ROLS 

The 10H is a SPST l inear l imit 
thermostat that provides contin­
uous thermal sensing along a 
capi l lary tube. Avai lable in both 
automatic and manual reset 
construction. It employs a snap 
action diaphragm and is rated to 
carry electrical loads up to 15 
amperes (resistive) at 1 20/277 
VAC. 

TH ERM·O·DISC, INCORPORATED 
Plants in Mansfield, Ohio; Aiken, South Carolina; 
London, Kentucky and St. Thomas, Ontario. 

A SUBSIDIARY OF EMERSON ELECTRIC CO. 

I
- 1320 SOUTH MAIN STREET 

MANSFIELD, OHIO 44907 ii TELEPHONE (4191 756-591 1  

lliMlli FISDN� TELEX 987455 • CABLE TOOMFL 

Cal i brat i o n  Tem peratu re, 
D i ffere n t i a l  and 
To leran ces:  
T h e  1 0 H  Series can be cal ibrated to open 
(cut·out) on temperature rise between 
1 50 ° F  and 350 ° F. The standard manu­
facturing tolerance on the open calibration 
is  ± 1 5 ° F. The 1 0H 1 1  will automatically 
reset approximately 4o • F  below its open­
ing temperature. 

Please consult the factory for special tern· 
peratures, manufacturing tolerances, dif­
ferent ials and electrical rat ings. 

Typ i cal  E l ect rical  rat i n g s 
1 0H1 1 :  1 00,000 cycles, 350 ° F Max. Temp. 
10H14:  6,000 cycles, 350 ° F  Max. Temp. 

TYPE I RESISTIVE 

AMPERES ----
1 0H1 1 1 5  

1 5  
1 5  
1 0  

1 0H1 4 1-is 
25 
1 0  

INDUCTIVE 

AMPERES 

FLA LRA 

1 0  60 
5 30 
U 28.8 
- -

--
5 30 
4.8 28.8 
- -- -

VOLTS 

AC 

1 20 
240 
277 
600 --
240 
277 
600 

• UL File MH·5304, Guide No. MBPRZ. 
CSA File LR-37242 and LR-1 9988. 

RECOG-

NIZEO 

BY" 

UL & CSA 
UL & CSA 
UL & CSA 
CSA ONLY - --
UL & CSA 
UL & CSA 
CSA ONL Y - - - . -



Samples and Quotat i o n s  
Here i s  a check list of the facts we need to 
supply samples and quotations. Alter you 
have indicated your requirements, please 
mail this form, or a copy, to Therm-0.Disc, 
Inc., P.O. Box 3538, Mansfield, Ohio 44907. 
Or, if you wish, you may telephone the inf or· 
mation to us at 419/756-591 1 .  

· 

1. Electrical Load: 

a. Resistive 0 Inductive 0 .  
b. Amperes __ Voltage __ VAC. 

�- Calibration: 

a. Open ° F. 

b. 0 Standard differential 

(approximately 40 ° F). 

c. 0 Manual Reset (Supplied only with 

attached lead wires and terminal 

insulator cover). 

3. Capillary Length: 

a. O Standard · 24 " measured from 

mounting flange. 

b. 0 Other - Specify length ___ _ 

4. Terminations: 

a. D Standard - Two 6·1/2 " leads, # 1 4  

AWG, 1os ·c, 1/32" - thick black PVC 

insulation stripped 112 ". 

b. D Non-standard lead wire - specify 

c. D .032 x .250 brass terminals (Not 

available on Manual Reset). 

d. D Snap-on terminal insulator cover. 

(Available only when control is fur· 

nished with attached lead wires.) 

5. Mounting Bracket: 

a. D Standard · . 1 70 "  slots per 

Drawing 1 .  
b .  D "Push on" mounting bracket per 

Drawing 3. 

6. Life Requirement: 

a. cycles. 

7. Maximum Temperature Exposure: 

a.Capillary tube ° F. 

b.Switch body ° F. 

8. Estimated Annual Quantity 

Requirements: 

a. per year. 

b. ordered at one time. 

9. Appliance or Application: 

Please describe the function of the con· 

trol in your application and the type of 

units you manufacture. 

General Bullel in 10H/0783 
Printed in U.S.A. 

.. 

10H 1 1  
WITH WIRE LEADS 

AND TERMINAL COVER 

���•10 . 50 
___J 

• 00 6,5 
( STANDARD I 

J 
1----- 2.00 

I 
c•.Z• =-1 

� --ll!.---r . 37 

D"1win9 l 

10H 1 1  
WITH WIRE LEADS, TERM I NAL 

COVER, AND PUSH ON MTG. BKT. 

���• 10 .50 
__j 

• • o  6 5 
l S T A N DA R O )  

. . J �. . 
� 

1 . 50 
. 1 .688� . 2 .00 1 2•=i 

PUSH ON MTG 
FOR 1 8 7  TABS 5

3 

11
\

0 

l 
1-,---- 0 t l��J .

3
7 

"" . . . . . .. . ._,, 

"'l_j' 
" 

H 

10H 1 1  
WITH 90 °  BLD. TER M INALS 

. 0 8 2 
0 0  

Draw ir 1\) :2 

. 03Z x .250 
BLADE T E RMS. 

,J l 
I < l 

LJ 
10H14  

WITH WIRE LEADS 
AND TERM I NAL COVER 

� ��10 
---- � {' 

• 10 6.5 ( STANDARD I 

�J 
J----- 2 DO 

R E S E T  

B U T T O N  

'--

L1- l 
"f l 

",·,u · . , 

" 
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A P P E N D I X II D II 

PRODUCT LITERATURE ON F I ELD CONTROLS POWER VENTERS 
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RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 
PROJECT 5 :  REMEDIAL MEASURE FOR GAS-FIRED APPLIANCES 

A P P E N D I X n E 11 

DURATI ON OF S P ILLAGE AND DEPRESSURI ZATI ON DATA 
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I TABLE C. 1 :  SUlfW!Y OF SPILLAGE RESULTS: REMEDIAL HEASURES :SERIES 1 TEST:MARCH 27/28, 1986 

AS FOUllD DRAFT ASSISTING CHAMBER DRAFT INDUCER 

TEST 1 TEST 2 TEST 1 TEST 2 TEST 1 

: DEPRESS : CHIMNEY DILUTION VISUAL : CHIMNEY DILUTION VISUAL : CHIMNEY DILUTION D . A . C  VISUAL : CHIMNEY DILUTION D . A . C  VISUAi. : CHIMNEY DILUTION VISUAL 

:URIZATION: BOTilll OPENING : BOTIDH OPENING : BOTIOH OPENING OPENING : BOTIOH OPENING OPENING : BOTIDH OPENING 

Pa SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC SEC 

0 : 2 2 1 : 0 0 I : : 
2 .5  : 0 2 2 : 2 4 4 
5 : 0 6 4 : 2 5 4.4 : 2 6 0 2 
6 : : 2 6 7 . 7  : 0 8 0 5 . 5  : 0 6 0 

7 . 5  : 6 12 8.5  : NR NR NR : 4 10 0 6 : 2 9 0 
9. 5 : : : HR NR HR NR : HR HR HR 

10 : NR NR NR : : : 
15  : : : : 
20 : : : : 

*NR-HO RECOVERY AFTER 3 MINUTES OF BACKDRAFTING 

TABLE C.2:  SUl11ARY OF SPILLAGE RESULTS :REHEDIAL HEASURES: SERIES 2 TEST:APRIL 14/15, 1986 

AS FOUND : DRAFT ASSISTING CHAMBER 

TEST 1 TEST 1 

: DEPRESS : CHIMNEY DILUTION VISUAL : CHIMNEY DILUTION D.A.C VISUAL 

:URIZATIDN: BOTIDH OPENING : BOTIOH OPENING OPENING 

Pa SEC SEC SEC SEC SEC SEC SEC 

0 : 2 8 9 
5 : : 2 10 0 10 

6.5  : 2 11  15 : 2 6 0 14 
7 . 5  : NR NR HR : 9 19 0 13 

8 : : 23 36 0 34 
8.5  : : HR NR NR NR 

*NR-NO RECOVERY AFTER 3 MINUTES OF BACKDRAFTING 

SEC SEC SEC 

: 0 

5.4 : 0 2 
8 

NR 

: 0 5 
: 0 10 
: 0 46 

SEC 

2 

4 .4  
10  
46 
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