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Canada Mortgage and Housing Corporation, the Federal Government's 

housing agency, is responsible for administering the National 

Housing Act. 

This legislation is designed to aid in the improvement of housing 

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

has interests in all aspects of housing and urban growth and 

development. 

Under part V of this Act, the Government of Canada provides funds 

to CMHC to conduct research into the social, economic and 

technical aspects of housing and related fields, and to undertake 

the publishing and distribution of the results of this research. 

CMHC therefore has statutory responsibility to make widely 

available, information which may be useful in the improvement of 

housing and living conditions. 

This publication is one of the many items of information 

published by CMHC with the assistance of federal funds. 
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EXECUTWE SUMMARY 

A research project was conducted to find and evaluate remedial measures for combustion 
venting problems with oil-fired appliances. It was hoped to find measures that held promise 
for near- to mid-tenn commercialization. The project was one of 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 f ai/ure. 
Three remedial measures for oil-fired appliances were evaluated and were found to hold 
varying degrees of promise for near- to mid-term commercialization. The measures evaluated 
were the solenoid delay valve, the draft inducing fan and a comprehensive retrofit package 
consisting of a sealed insulated flue liner, a sealed flue pipe (with no barometric damper) 
and a high pressure burner. No attempts were made to evaluate issues such as long term 
durability, or compliancies with codes and standards. 
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INTRODUCTION 

This report describes one of seven sub-projects of an overall 

project entitled -

RESIDENTIAL COMBUSTION VENTING FAILURE - A SYSTEMS APPROACH 

- which was carried out for Canada Mortgage and Housing Corpora

tion by the Scanada Sheltair Consortium Inc. A summary of the 

overall project is provided in Appendix A. 

This is one of several final reports on the fifth sub-project, 

"Remedial Measures", which was concerned with research on 

remedial measures for various types of combustion equipment 

experiencing combustion venting problems. This report deals with 

remedial measures for oil-fired appliances. 

This phase of the project was designed to focus on those remedial 

measures that promised to be simple, cost-effective and widely 

applicable to houses experiencing typical combustion venting 

failures. In order to identify measures meeting these criteria, 

a review of available measures was undertaken. This review and 

its results are described in Appendix B, which also provides the 

rationale for choosing the three measures which were finally 

included in this research. 
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SUMMARY OF RESULTS 

The research on remedial measures for oil-fired appliances was 

conducted by Solsearch Inc. of Charlottetown, P. E. I. under 

subcontract to the Scanada Sheltair Consortium. Solsearch's 

detailed reports are appended as follows: 

Appendix B 

Appendix C 

an early progress report providing the 
rationale for Solsearch's choice of 
measures to investigate 

Solsearch final report 

The results reported in the final report are summarized here. 

The combustion venting system of an oil furnace is significantly 

more complex than that of a gas furnace due to the presence of 

the burner blower and the barometric damper. The blower pressur

izes the combustion chamber flue pipe and portions of the flue, 

thus helping to resist backdrafting but perhaps exacerbating any 

tendency to spillage. The barometric damper adds higher friction 

losses to dilution flow than is the case for a gas furnace 

dilution port but it also provides very strong resistance to 

spillage flow because it closes and presents very little flow 

area. 

This complexity created problems in the research, resulting in 

several abortive, exploratory tests in addition to those that 

pzoduced more tangible output. 
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Flue Pipe Flow 

A very instructive test performed by Solsearch was designed 

to determine the effect of house depressurization on 

direction of flow in the flue pipe. This was accomplished 

by inserting an air flow meter in the flue pipe, approxi

mately 1 m downstream from the furnace breaching, and 

recording flow while gradually depressurizing the room with 

a blower door. The burner fan was operating but there was 

no oil flow and hence no firing. The test was performed on 

a conventional oil burner (Aero Environmental Model FAFC), 

with a 1. 25 USGPH nozzle and barometric damper, set up in 

the laboratory of Holland College in Charlottetown. The 

results are shown in Figure 1. 

The point to note in Figure 1 is that, even without the 

buoyancy created by a firing burner, flow in the flue was 

positive (up the chimney) until the house was depressurized 

to 65 Pa. The significance of this is that we need not be 

concerned about backdrafting with oil furnaces. The burner 

fan is able to develop sufficient pressure (and the baro

metric damper closes and thus does not release that pres

sure) to overcome any level of depressurization likely to be 

encountered in a house. 

Thus we need only be concerned about spillage of combustion 

gases due to an imbalance between the rate of flow through 

the furnace and the rate of flow up the chimney. When the 

rate of flow through the furnace exceeds the rate of flow in 

the chimney, even when the latter is upward, the flue pipe 

and portions of the flue will be pressurized and flue gases 

will be spilled into the furnace room through leaks around 
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the barometric damper, along the flue pipe and at the flue 

pipe's connections to the furnace and the chimney. Such a 

condition is most likely to occur at furnace start-up, when 

the chimney is cold, and will continue until hot gases are 

introduced into the vertical portions of the venting system 

so that their buoyancy can accelerate flue flow to even

tually match the furnace flow. 

Solsearch looked at three remedial measures for oil furnaces 

subject to pressure-induced spillage: 

the solenoid oil flow delay valve, 

the retrofit draft-inducing fan, and 

elimination of the barometric damper combined with a 

high pressure burner and insulated chimney. 

Solenoid Delay Valve 

A delayed action solenoid valve allows the fan on the oil burner 

to activate before the oil flow is started. The fan pressurizes 

the combustion chamber and at least the base of the chimney. The 

laboratory tests conducted by Solsearch confirmed that this 

initial pressurization will reverse a backdrafting chimney before 

the burner fires and combustion products are created. However, 

because the flue pipe is pressurized, there can still be spillage 

from the unintentional or intentional holes (e. g. barometric 

damper perimeter) . Thorough sealing of the flue pipe and all 

connections will reduce this spillage. Also, since proper flow 

... 
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FIGURE 1: Effect of Depressurization on Flue Pipe Flows 
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in the chimney is established sooner relative to the burner's 

first firing, the duration of spillage of combustion products may 

be reduced; however, no measurements of the effects of this 

remedial measure on spillage duration were undertaken during 

these tests. 

Draft-Inducing Fan 

The induced draft fan, mounted on the flue pipe, draws the 

products of combustion out of the combustion chamber and then 

pushes this flow up the chimney. Because the induced draft and 

burner fans create different pressure regimes in the furnace-flue 

pipe-chimney system, they were tested both separately and 

together at the Holland College Energy Systems Technology 

Laboratory. 

The results of these tests showed that the induced draft fan, 

especially if used in conjunction with a solenoid delay on the 

burner, can reverse backdrafts and minimize spillage under any 

likely house depressurization. Downstream of the fan there may 

be some start-up spillage at flue pipe joints, unless these are 

properly sealed. The key advantage of the induced draft fan over 

other oil remedial measures is that it depressurizes the flue 

pipe upstream of the device, thereby eliminating spillage through 

the barometric damper, flue pipe leaks and breech connection 

leaks. However, this device may also depressurize the combustion 

chamber possibly altering flame patterns. There was no inves

tigation of the effect of the fan on furnace/boiler burner 

performance. 
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Elimination of Barometric Damper 

The "high pressure burner/insulated flue combination" recommended 

by ESSO Canada was evaluated in this project. This retrofit 

system consists of three elements: 

replacement of the existing oil burner with a high 

pressure burner 

sealing of the flue pipe, including elimination of the 

barometric damper 

installation of a seamless, insulated flue liner in the 

existing masonry chimney, complete with wind-diverting 

cap 

To test the improvement of draft due to this system, two houses 

were retrofitted with it. Tests before and after the installa

tions showed a 4 to 7 Pa improvement in draft. The possible 

reduction in condensation due to the chimney insulation was not 

investigated. 

The system does create improved chimney draft and results in 

fewer holes at which flue gas spillage can occur. The margin of 

improvement is not as great as with the induced draft fan and the 

cost of this retrofit is quite high. However, it may be a good 

option for homeowners with a furnace/boiler in good condition and 

a chimney in need of repair (e. g suffering from condensation 

problems). In many cases it may also provide energy savings due 

to improved efficiency and thus the cost can be off set against 

this benefit as well as its benefit to combustion venting. 
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OVERALL PROJECT SUMMARY 

The project reported on here was designed to expand on previous 
studies of the problem of incomplete venting of combustion 
products from heating appliances in order to approach a more 
nearly comprehensive understanding of the extent and nature of 
the problem in the Canadian housing stock. This project, which 
was carried out for Canada Mortgage and Housing Corporation by 
the Scanada Sheltair Cohsortiurn Inc., consisted of the seven sub
projects described below. 

PROJECT 1 COUNTRY-WIDE SURVEY 

Spillage detectors were installed on the draft hoods or baro
metric dampers of gas and oil furnaces and water heaters in 937 
houses spread throughout the Vancouver, Winnipeg, Toronto, Ottawa 
and Charlottetown regions. The detectors were left in place for 
approximately 2 months in late winter. 

Of the gas heated houses surveyed, 10% had experienced prolonged 
and unusual amounts of combustion gas spillage and 6 5% had 
experienced either short duration start-up spillage or prolonged 
spillage of small amounts of combustion gas. Of the oil heated 
houses, 55% had experienced significant spillage of high tempera
ture combustion gas, but some of these spillage events may have 
been of only short duration. 

Preliminary analysis indicates that spillage problems seem to be 
related to the following house or heating system characteristics: 

Winnipeg houses (believed to be more nearly airtight due to 
extensive use of stucco) 

pre-1945 houses 

post-197 5 houses 

one storey houses 

exterior chimneys 

APPENDIX A PAGE 9 
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chimneys with 
under-sized 
metal liners 

houses with three or 
more exhaust fans 
houses with two open 
masonry fireplaces 
poorly maintained 
heating appliances 
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PROJECT 2 MODIFICATIONS AND REFINEMENTS TO THE FLUE SIMULATOR 
MODEL 

FLUE SIMULATOR, a detailed theoretical computer-based model of 
the combustion venting process had been developed for CMHC prior 
to this project. It is intended for use as an aid in 
understanding the mechanisms of combustion venting failure and 
the circumstances that give rise to them. The modifications 
undertaken in this project were intended to make the program 
easier to use and to allow it to model a wider variety of 
furnace/flue/house systems. The modifications included -

o refinements to algorithms 
o more efficient operation of the program 
o modelling additional features and system types 
o user-friendly input and output 

The modified model was validated against field test data and used 
to investigate a number of issues. 

A separate developmental version of the program, called WOOD 
BURNING SIMULATOR, was successfully developed to model the 
combustion and combustion venting process in wood stoves and 
fireplaces. 

PROJECT 3 REFINEMENT OF THE CHECKLISTS 

A procedure for identifying and diagnosing combustion venting 
failures had previously been developed for CMHC - the Residential 
Combustion Safety Checklist. This project provided an opportun
ity to refine the checklist and develop variations of it suitable 
for a variety of possible users such as furnace service person
nel, air sealing contractors, homeowners, etc. Early in the 
project, it was decided to separate the identification procedures 
from the diagnostic procedures. This allowed the process of 
identifying houses with potential for combustion venting problems 
to remain relative simple and allowed the diagnostic process to 
become more complex since it would only be used on houses where 
the extra effort would likely be worthwhile. Thus the original 
backdraft checklist has grown into five separate tests/procedures 

Venting Systems Pre-test 
a quick, visual inspection procedure which identifies a 
house as either unlikely to experience pressure-induced 
spillage or requiring further investigation 

AP PENDIX A PAGE 10 OVERALL PROJECT SUMMARY 
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Venting Systems Test 
a detailed test procedure for determining to what extent the 
combustion venting system of a house is affected by the 
envelope airtightness and operation of exhaust equipment, 
perhaps the clearest descendent of the old backdraft check
list. 

Chimney Performance Test 
a simple method of determining whether a chimney is capable 
of providing adequate draft 

Heat Exchanger Leakage Test 
a quick method of determining if the heat exchanger of a 
furnace has a major leak 

Chimney Safety Inspection 
a visual check for maintenance problems in the chimney 
system 

These tests/procedures are all presented in a manual entitled 
ttChimney Safety Tests''. Full trials of the procedures were 
carried out on the case study houses investigated in Project 6 .  

PROJECT 4 HAZARD ASSESSMENT 

Although little was known at the outset of this project about the 
frequency of combustion spillage, even less was known about how 
much of a health hazard such spillage represents. Therefore this 
sub-project was included to investigate the real nature of the 
health and safety risk associated with venting failures. The 
work was divided into five tasks -

1. Review of current knowledge on pollutant generation due to 
improper venting of combustion appliances (literature 
review). 

2. Development of a computer program to predict levels of 
various pollutants under various combustion venting failure 
scenarios. 

3. Acquisition and calibration of a set of instruments required 
to measure the various pollutants at the levels predicted by 
the computer model. 

4. Monitoring pollutant levels in problem houses identified in 
the Country-wide Survey (Project 1) using the instruments 
acquired in Task 3. 

5. Analysis of the results of Task 4 to arrive at an overall 
assessment of the health hazard represented by combustion 
venting failures in Canadian houses. 
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The results indicate that, in most houses, one would rarely 
encounter acute, immediately life-threatening concentrations of 
pollutants as a result of combustion spillage from furnaces or 
water heaters. However, chronic health risk due to low level, 
long term exposure to pollutants , particularly N021 may be a 
more significant problem which requires further investigation. 
High levels of CO do not seem to be caused by the problems which 
cause spillage and thus occur in spillage events only as a result 
of coincidence. 

PROJECT 5 REMEDIAL MEASURES 

Remedial measures for pressure-induced combustion venting 
problems were identified and researched for a number of different 
types of combustion appliances. 

The remedial measures identified for FIREPLACES were: 

Spillage Advisor 
This is an adjustable volume alarm triggered by a 
combination of particulate and CO detectors and 
intended to be mounted on the front of the mantle or on 
the wall just above the fireplace. 

Airtight Glass Doors Combined With An Exterior Combustion 
Air Supply Duct 

The research indicated that conventional glass doors 
are not nearly airtight and do little to separate the 
fireplace from the house's pressure regime. Prototype 
doors using special glass, heavier than normal steel 
frames and special sealing techniques were fabricated 
and installed and tested. It was found that these 
doors increased the level of house depressurization 
required to cause prolonged spillage from the fireplace 
from 3 Pa to 22 Pa. It is estimated that the installed 
cost would be $600. Further research on the effect of 
airtight doors on temperatures within the fireplace and 
flue and the possible hazard to surrounding combustible 
materials is required. 

The remedial measures identified for GAS-F IRED APPL IANCES were: 

Spillage Advisor 
This could be similar to the fireplace spillage advisor 
but would be triggered by a heat probe mounted in the 
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dilution port of the appliance. The heat probes inves
tigated could also be used to trigger other remedial 
measures discussed below. 

Draft-inducing Fan 
A paddle-wheel-type fan mounted in the vent connector 
was found to increase the level of house depressuriza
tion required to cause irreversible spillage from a 
naturally aspirating gas furnace from 7 Pa to more than 
20 Pa. 

Draft-assisting Chamber 
A chamber surrounding the appliance's dilution port and 
extending downwards contains combustion products 
flowing out of the dilution port and prolongs the 
period before they are actually spilled into the room. 
It was expected that the chamber would also use the 
buoyancy of the contained combustion products to assist 
the flue in developing upward flow and thus would 
increase its resistance to house depressurization; 
however, the results obtained with the prototype tested 
did not live up to expectations. It is expected that 
modification of the design and testing with a 
furnace/flue/house combination more prone to pressure
induced spillage will improve this aspect of the 
chamber's performance. 

The research on remedial measures for O IL-F IRED APPL IANCES 
indicated that stable backdrafting is unlikely to be a problem 
with oil-fired appliances since the pressure generated by the 
burner blowers is able to rapidly overcome backdraf ting due to 
house depressurization and initiate upward flue flow. However, 
this pressurization of the flue system is what accounts for the 
start-up spillage associated with oil appliances and it is the 
duration of this spillage that remedial measures must address. 
The measures identified were: 

Solenoid Valve 
By delaying the start of combustion until the burner 
has had a chance to overcome backdrafting and initiate 
upward flue flow, the solenoid valve reduces the 
duration of spillage but does not eliminate it al
together. 

Draft-inducing Fan 
A fan, similar to that described above under gas 
appliances, mounted in the flue pipe downstream of the 
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barometric damper is not needed to overcome backdraft
ing since the burner blower can do this. However, it 
does relieve pressurization of that portion of the flue 
pipe upstream of itself and hence reduces spillage from 
that portion. There can still be spillage from the 
downstream portion; but, since that portion does not 
include the barometric damper, it is easier to seal. 

Elimination of the Barometric Damper 
Provision of a well-sealed flue pipe without a baro
metric damper is one obvious way to reduce spillage. 
However, elimination of the barometric damper exposes 
the burner to the full chimney draft and disturbs the 
combustion process of conventional burners. Therefore 
this procedure must include replacement of the conven
tional burner with a high pressure burner which is less 
influenced by flue pressure. Provision of an insulated 
flue liner is often included as part of this measure. 

The work on MAKE-UP AIR SUPPLY remedial measures was less 
directed towards specific measures but served to clarify a number 
of general air supply issues. It indicated that the provision of 
additional supply air is not likely to be effective as a remedy 
for pressure-induced spillage of combustion products if the 
supply air is introduced unaided through an envelope opening of 
any size likely to considered practical. It is only likely to be 
effective if a supply air fan is used and if that fan has a 
capacity at least equal to the total capacity of all exhaust 
equipment it is attempting to counteract. The discharge from 
such a supply air fan can be introduced essentially anywhere in 
the house, but is likely to create fewer thermal comfort problems 
if introduced in a normally unoccupied area such as the furnace 
room. 

The knowledge generated in the remedial measures research and 
already available to Consortium members was synthesized into the 
draft Remedial Measures Guide, a manual intended to be a deci
sion-making guide for tradesmen and contractors who have identi
fied pressure-induced spillage problems in houses with vented 
fuel-fired appliances and want to know how best to remedy these 
problems. It is designed to accompany the Venting Systems Test. 
Although the draft Guide is not yet comprehensive and in some 
cases describes procedures which have not been thoroughly field 
tested and/or approved by regulatory authorities, it is hoped it 
will stimulate thought and discussion and improve current trade 
practices. 
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PROJECT 6 PROBLEM HOUSE FOLLOW-UP 

Twenty of the houses identified in the country-wide survey as 
experiencing the worst combustion spillage problems were visited 
with the following objectives: 

to categorize and quantify the nature of venting failures 
to isolate contributing factors 
to collect field data on venting failures for use in the 
flue simulator model validation 
to measure the frequency and quantity of spillage in problem 
houses 
to measure the approximate impact on air quality of venting 
failures in houses 
to evaluate the effectiveness of the chimney safety tests in 
diagnosis of failures and identification of remedial 
measures 
to evaluate communications techniques 
to evaluate remedial measures under field conditions 

In most of the houses, there were several factors that were 
assessed as contributing causes of the combustion spillage 
problem - thus confirming the "systems" nature of the problem. 
It is also worth noting that, in many houses, although the 
spillage observed was indeed pressure-induced, it occurred at 
quite low levels of house depressurization because the chimneys 
were only able to generate very weak draft due to some problem 
such as a blocked or leaky flue. The main problem in these 
cases, therefore, was not depressurization but weak chimneys. 

PROJECT 7 COMMUN ICATIONS STRATEGY 

As the survey revealed that the problem, while substantial, is 
not epidemic in proportion, there is no need to create widespread 
alarm in the general public. A communication strategy has been 
drafted with this in mind. It places emphasis on motivating the 
heating and housing industries to be aware of the combustion 
venting problem and its causes and to make effective use of the 
diagnostic tools and preventive and remedial measures developed 
in this project. 
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OVERALL PROJECT SUMMARY AND CONCLUSIONS 

The project has gone a long way towards meeting its original 
objectives and has significantly advanced the state-of-the-art in 
this field. 

It has led to improved understanding of the combustion venting 
process and confirmed the "systems" nature of the failures that 
lead to combustion venting problems. 

It appears that a significant portion of the Canadian housing 
stock has potential for combustion venting failure to occur on a 
regular basis. In most cases, this is unlikely to lead to 
immediate life-threatening pollution levels, but long term 
chronic health hazards could be a problem; however this latter 
concern requires further investigation before any definite 
conclusion can be reached. 

A number of techniques are available for identifying houses prone 
to combustion venting failure and for diagnosing the causes of 
such failure. There are also available a number of measures for 
preventing combustion venting failure in new houses and for 
remedying it in existing houses. A communication strategy has 
been drafted for conveying thesa techniques and measures to 
relevant people in the housing and heating industries and for 
encouraging them to make use these tools. 
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PROJOCT 5: REMEDIAL MEASURES RESEARCH; Oil Combustion Units 

1 .0 IDENTIFICATION OF PRIORITIES 

The A t l a n t i c  Reg i o n i s  o n e  o f  t he l a s t a rea s where a major 
percen t a ge o f  res i den t i a l  hea t i ng i s  s t i l l pro v i d ed by o i l 
a p p l i a n ce s . As i de from i mpro vemen t s  i n  b urner h a rdwa re a n d  f l ue 
c o n s t r u c t i o n t ec h n i q u e s  t here is l i t t l e  res ea rc h  i n t o  remed i a l  
mea s ures f or t he s e  e x i s t i ng u n i t s .  Th i s  i s  d ue p r i ma r i l y  t o  t he 
f a c t  t h a t  t he major i t y  o f  h o u s e s ,  t h o s e  b u i l t p r i or t o  1 97 5, 
se l d om ha ve c omb u s t i o n ven t i ng f a i l ure . ( A l t h o ug h  i n  o l der h ome s 
t here i s  o f t en ev i den ce o f  s p i l l a ge or p u f f i ng a t  s t a r t  u p  n o t  
c o n s i dered a s  ven t i ng f a i l ure s . )  In t he c a s e  w here h o u s e s  b u i l t  
w i t h i n t he l a s t  t en yea rs h a ve f a i l ed b a c k d ra f t  t es t s ,  t he 
h o meowners are e i t her u n aware o f  t he ven t i ng f a i l u re i n  t he i r 
h omes or a c cep t t he s e  c o n d i t i o n s  a s  c o n seq uen ces o f  new 
i n s u l a t i o n a n d  b u i l d i ng pra c t i ce s . F u r t her, t he b u rner s erv i ce 
i n d u s t ry i s  n o t a d dre s s i n g t he s e  pro b l ems bec a u s e o f  t he l a c k  o f  
t es t ed remedia l mea s ures a n d pro d u c t s  a v a i l a b l e  t o  t hem . 

Our i n i t i a l  re sea rc h i n t o remed i a l  a c t i o n s  f or o i l f i red 
a p p l i a n ces cen t ers o n  t he s e  f i ve a rea s o f  wor k: 

1 .  Comb u s t i o n a i r s u p p l i ed d i rec t l y  t o  t he f u rna ce or 
bo i l er .  

2. Pre- p u rge c y c l e  f or re s i den t i a l  a p p l i ca t i o n s  u t i l i z i ng 
e i t her t he b u rner f a n  or ex t ern a l dra f t  i n d u c ers t o  
o verc ome ven t i n g f a i l u re. 

3 .  Exha u s t a p p l i a n ce p r i o r i t i z a t i o n u s i n g e l ec t r i ca l 
i n t er l o c k s  w i t h  comb u s t i o n equ i pmen t . 

4 .  Sea l ed c om b u s t i on a p p l i a n ce s y s t ems . T h e s e  s y s t ems 
i n c l ude new bu rner a n d f l ue t ec h n o l ogy . 

5 .  Sp i l l a ge a nd ba c kdra f t  a l a rms 

O f  t he s e  f i ve t he c om b u s t i on a i r s u p p l y ( 1 )  a n d t he s ea l ed 
c omb u s t i o n s y s t em u t i l i z i n g a f orced d ra f t b u rn er a n d  a n  

i n s u l a t ed a n d  d o wn s i z ed f l ue l i ner ( 4 )  were i den t i f i ed a s  t wo 
p r i o r i t y  remed i a l  a c t i o n s  f or o i l f i red combu s t i o n u n i t s b y  
res o urce pers o n n e l . The s e  t wo a rea s o f  deve l o pmen t h a ve rece i ve d  
t he mo s t  s t u d y  t o  d a t e: 

Severa l a i r  s u p p l y s y s t ems f or c om b u s t i o n a p p l i a n ces a re 
a v a i l a b l e  i n  t he ma r ket p l a ce .  Sea l ed c om bu s t i o n u n i t s a re 
be i ng aggre s s i ve l y ma r ke t ed b y  a t  l ea s t  t wo major o i l 
c ompa n i es . As we l l ,  t he s e  new b u rner s y s t em s  h a ve promp t ed 
a s i gn i f i ca n t  a mo u n t o f  res ea r c h  i n t o  i n s u l a t ed f l ue a n d c a p 
des i gn a n d f l ue s i z i ng .  
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Comb u s t io n  A i r  s u p ply s h o u l d  be c o n s idered a s  a p r i ori t y 
r ec ornnen d a t io n  in h omes wi t h  ven t i ng f a i l u r e s . We h a ve 
in s t a l l ed a n u mber o f  t he s e  dev ices a s  a r es u l t o f  p r evio u s  
ba c k d r a f t  t e s t ing . We w i l l  be ver y inte r es t ed t o  s ee SRC ' s  
wo r k  in t his a r ea .  

E l ec t r ica l l y in t er l oc king c o m b u s t ion  a pp l ia n ce s  w i t h  exh a u s t  
e q uipment (3) a n d Spil l a ge a n d  ba c k d r a f t  a l a r ms ( 5 )  wer e  c o n s i der ed 
impo r t a n t a s  l ow c o s t  s a f e t y o pt i o n s :  

Mo f f a t ' s work u s ing a r e l a y t o  s h u t  down the f urn a c e b u r ner when 
power f u l  exha u s t f a n s  a r e i n  u s e i s  a f a i l s a fe a p p r o a c h  to 
venting f ai l ure p r o b l ems ca u sed by t he s im u l t a n eo u s  u se o f  
exha u s t  a p p l i a n ce s . Th i s  met h o d  i s  we l l  d o c u me n t ed a n d t he 
t ec h n o l ogies f or in s t a l l a t io n  a r e ea s i l y a c ce s s ib l e .  

We h a ve s een s evera l a l a r m dev i ces f or ga s c om b u s t io n  
a p p l ia n ces a n d  we expec t tha t t he s e  dev i ce s  wi l l s h o r t l y  be 
a v a i l a b l e  f or o i l f i red a p p l i a n ces a s  we l l .  

Pr e-pu rge cycle for re s id entia l oi l s ys tems 

I n  con s u l t a t i o n w i t h  Ro d Ars en a u l t o f  Ho l l a n d  Co l l ege, we 
pro po s e t o  l o o k  more c l o se l y  a t  pre- purge c y c l es ( c o rnno n  t o  
c ornnercia l b o i l er s )  a s  t h e y  m i gh t  be a p p l i ed t o  r es i den t i a l  oi l 
hea t ing equ i pmen t . In c orrrnerc i a l  bu rners t h i s  c y c l e  es t a b l i s hes 
po s i t i ve d r a f t  p r i or t o  c omb u s t i o n u t i l i z i ng t he f o r ced a i r 
b u r ner f a n  • I n  d i s c u s s i o n s  w i t h  o t hers t here wa s s ome 
a mb i v a l en ce a b o u t  t he b urner f a n s  a b i l i t y t o  o ve r c o me 
ba c k dra f t i ng .  Prev i o u s  wo r k  b y  Mo f f a t  o n  o n e f u rn a ce i n dica t e s  
t h a t  c o l d  f u r n a ce ( n o c omb u s t ion ) pres s u re mea s u remen t s  a t  t he 
b r eec h w e re c o n s i s t en t l y 3 0  pa . (.12" wa t er )  w i t h  t he b urner f a n  
o per a t ing . We f o u n d  t h i s  fig u r e  i n t r i gu ing beca u s e i f  i t  i s  
r epea t a b l e  o n  o t her f u r n a ce ma kes, pre-p u rge c y c l es c o u l d  be 
u t i l zed a s  a r emed i a l mea s ure t o  o v e rc ome ba c k d r a f t  prior t o  
f u r n a ce s t a r t u p .  

The r e s ea r c h w i l l  i n v o l ve t es t i ng a n d  a n a l y s i s o f  t wo r emed i a l  
a c t io n s  c o n cer ning P r e- p u r ge c y c l e s :  

1 .  Tes t ing a n d  As s e s s men t o f  t he b u rner f a n' s  a b i l i t y  to 
e s t a b l is h  s ign i f i c a n t  pre s s u r e  t o  o ver c ome ba c k d r a f t in g  
when u t i l izing a de l a yed a c t i o n s o l en o i d .  

2 .  Tes t in g  a n d a s s es s men t o f  pres s u r e s  devel o ped b y  
in d u ced d ra f t  k i t s  in t er l oc ked w i th f urn a ce b u rner a n d  
/ o r  exh a u s t a p p l i a n ces . 
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Justification of Priorities 

U se f u l ne s s a n d  r epea t a b i l i t y o f  t he r emed i a l  mea s u r e :  

P r e- p u r g i n g  c y c l es a r e c onmo n l y  u s ed i n  c onme r c i a l  bo i l er s 
to o ver c ome ba c k d r a f t i ng p r i o r t o  i gn i t i o n .  Co n cep t u a l l y 
th i s  tec h n i q u e  i s  t r a n s f er a b l e  t o  r es i den t i a l  e q u i p men t t o  
s o l ve s i m i l a r d r a f t  pro b l em s . 

P r e l i m i n a r y  t es t i n g i n d i c a t es t h a t  s t a n d a r d  r es i den t i a l  
e q u i pmen t c a n be mo d i f i ed s i mp l y  w i t h  CSA a p p r o ved ma t er i a l s  
to i n c o r p o r a t e  t he n ew c y c l e .  

I t  i s  p r o ba b l e  t h a t  p r e s s u r es p r o d u ced b y  t he f u r n a ce f a n  
a n d / o r  i n d u ced dra f t  k i t s  w i l l  be s u f f i c i en t  t o  o ve r c o me 
nega t i ve p r es s u r es deve l o ped b y  e x h a u s t  a p p l i a n ces u s ed i n  
t he h o u s eh o l d . 

Co s t  o f  t he r emed i a l  mea s ures w i l l  be l ow .  

Tec h n o l o g y  o f  t hese mea s u res i s  u n der s t o o d  a n d  ea s i l y  
t r a n s f er a b l e  t o  t he e l ec t r i ca l  a n d  b u r ner s erv i ce i n d u s t ry . 

Co n c l u s i o n s  o f  s t u d y : 

The s t u d y  wi l l be c o n d u c t ed u n der c o n t r o l l ed c o n d i t io n s  
g i v i n g a c c u ra t e  t es t r es u l t s  a n d  d a t a  f o r  ea c h  r eme d i a l  
mea s ure . 

Severa l d i f feren t burners a n d  f urn a ce t ypes w i l l  be t es t ed 
u n der s i m i l a r l a b  c o n d i t i o n s  prov i d i n g u n i f o r m i t y  o f  
r e s u l t s . 

Remed i a l  mea s ures w i l l  be a n a l y zed a s  t o  ea s e  o f  
i n s t a l l a t i o n a n d  c o s t o f  e q u i pmen t d u r i n g t he p r o gres s  o f  
t he t es t s . 
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2 .0 RESEARCH PLAN FOR PRE-PURGE CYCLE TESTING 

Remedia l Mea s u r e  #1 - De l ayed Action So l enoid Va l ve 

Ba ckgro u n d : Th e i nsta l l a t i o n  o f  so l e noid va lves i n  th e marit i me 
reg i o n h a s  b e e n  a n  e n ergy c o nserva t i o n  re c onme n d a t i o n  for severa l 
ye a rs a n d e l i gi b l e for f u n d i ng u n d er severa l p a st governme nt 
programs. The d e v i c e s  were or i gin a l l y markete d for oil  sa vings 
of a p proxima te l y  3% . Ma n y  o f  t h e  so l e noid d e v i c es t h a t  were 
i nsta ll e d  were th e 8 se c o n d  d e l a y e d  a ct i o n  variet y .  Un d er o n e  
governm e n t  program furn a c e  serv i c eme n thro ugh o u t  PE I were tra i n e d  
to i nsta l l  th ese u n i ts a n d  th ere is n ow a ge n e ra l a c c e pta n c e  o f  
t h e  d e v i c e . 

Dis c u ss i o n: T h e  d e l a y e d  a c tio n so l e n oid va l ve d e l a y s t h e  f l ow o f  
o i l to t h e  b urn er f or a s p e c i f i e d  p e riod o f  t i me a l l owing t h e  
burn e r  fa n t o  e sta b l ish a n  u p dra ft i n  th e c h imn e y  prior to 
ign i t i o n . In a dd itio n  th e d e l a y e d  a c tion so l e n o i d va l ve ma y 
e l imin a t e  spi l l age a n d p u f fing a t  sta rtu p  by a l l owin g  t h e  oi l 
p ump to rea c h  maximum pressure for a tomi z a tio n o f  o i l  prior to 
i gn it i on . Th e th eory is th a t  t h is d e vice h a s  th e a bi l ity to 
esta b l ish dra f t  i n  th e c h i mn e y  overcom i n g  n e g a tive pressures 
wit hin th e h ome c a u s e d  by e x h a u st a p p l ia n c es .  Mo f f at's c ursory 
tests i nd i c a t e  th a t  d e l a yin g c omb ustion a l l ows t h e  f urna c e  f a n  to 
d eve l op re l ative l y  h igh sta ti c press ure within t h e  f l u e pip e  
u n d er co l d  c omb usti o n  c h amber c o nditio n s . 

Th e a ir pressure cre a ted by th e a vera g e  bu rn er (17 5 0  RPM) is 
a bout .2 5" water ( 6 0 Pa) measured in the b urn er a ir tube . 
Mo f f a t's me a s urme n ts at t h e  bre e c h  o f  . 1 2 "  water (3 0 Pa )  indicates 
a n  a bi l ity f or th e f urn a c e  f a n  to d eve l op sign i fi c a nt pressure to 
esta b l ish dra ft in t h e  c h imn e y . 

How ever, th e re is some ske p t i c ism a bout t h e  a b i l ity o f  t h e  burn er fa n 
a l on e  to overcom� ba ckdra f tin g . A l though th e f a n  h a s  th e a bi l i ty 
to d e v e l o p 6 0  Pa pressure in th e a ir d e l ivery tu b e ,  turb u l a n c e  
a n d res i sta n c e  o f  t h e  h e a t exc h a nger a n d  smoke p i p e mig ht 
s i gn i f i c a nt l y re d u c e  a n y  a bi l i ty o f  th e f a n  to overcome n ega t i ve 
pressure a n d e sta b l i sh u pdra f t. ( Note th e s i gn i fic a n t  pressure 
dro p b e twe e n  t h e  a ss umed a ir pre ss ure in t h e  b urn e r  tu b e  a n d  
Mo ffa t's a ir me a sureme n ts a t  t h e bre e c h  o f  t h e  f urn a c e.) 

It i s  t h e  p u r pose of t h is rese a r c h to d e te rmi n e  how va rio us fans 
i n  bo i l e rs a n d  hot a i r-furn a c es va ry in t h e ir a b i l i ty to overc ome 
ba ckdra ft i ng .  Th e m e t h o d  of test i ng a n d  resu l ts a r e  o ut l in e d  
l a ter i n  t h e  rese a r c h p l a n . 
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Remed i a l  Measu r e  t2 - Induced Ch i mn ey Dra f t  

Ba ckg r o u n d: In d u c e d  c h i mn e y  d r a ft ma y p r ove to b e  a n  a p p r o p r i a t e  
r emed i a l  me a s u r e  i n  h omes exp e r i e n c i ng n ega t i ve d r a ft p r e ssu r es 
w h i c h  ca n n o t  b e  sa f e l y  overcome b y  b u r n e r  f a n s a n d t h e rma l d r a f t. 
Ch i mn e y  d r a f t  i s  i n d u c e d  b y  i nsta l l i ng a l ow h o r se p owe r f a n  
d i r e ct l y i n  t h e  f l u e  p i p e .  In d u c e d  d r a ft k i ts a r e  n ow a va i l a ble . 
T h e  i nvest i ga t i o n  o f  th ese d ev i c es w i l l d e te r m i n e  w h e t h e r  th e y  
c a n e l i m i n a t e  th e use o f  th e ba r ometr i c  d amp e r , c o nt r o l  c o l d  ba c k  
d r a f t i n g a n d o v e r c ome sig n i f i c a n t n e g a t i v e p r e ss u r e  w i t h i n t h e  
h o use h o l d .  

D i s c u ss i o n :  T h e  i n d u c e d  dra ft f a n s w i l l  b e  r u n th r o ug h  a test 
r eg i me ( s i m i l a r  to th a t  use d i n  test i ng th e f u r n a c e  b u r n e r  f a n) 
to d e te rm i n e  the c h a r a cte r ist i cs o f  o pe r a t i o n  a n d MAD l i m i ts .  
Th e f a n  w i l l  b e  use d i n  c o n j u n c t i o n  w i th a d e l a y e d  a ct i o n  so l e n o i d  
va l ve o n  th e b u rn e r .  Seve r a l me t h o ds o f  c o n t r o l l i ng t h e  i n d u c e d  
d r a ft f a ns a r e  u n d er c o nsid era t i o n : 

Co n t r o l  o p e ra t i o n  o f  th e f a n  b y  me a n s o f  th e h o u se ho l d  
t h e rmosta t. Th e d e l a y e d  a ct i o n  so l e n o i d  w i l l  a l l ow t h e  f a n 
to d eve l o p dra f t  in th e c h imn e y  pr i o r  to c omb ustio n. 

Inter l o ck i n d u c e  d d r a ft f a n  to exh a ust a pp l i a n  c es by me a ns 
o f  a re l a y t o  p o w e r  f a n  w h e n e v e r  e x h a u st a p p l i a n c e s a r e  i n  
use . T h is meth o d  o f  c o n t r ol ma y re d u c e  t h e  possib i l i ty o f  
c o l d  or h o t  ba c kdra ft te n d e n c i es. 

Co n t r o l  i n d u c e d  d r a f t  f a n  b y  m e a n s o f  a d i f f e r e n t i a l  
press ure switc h sensi n g  c h imn e y  dra ft . Th e proving swit c h  
w o u l d  a ct i va t e  t h e  f a n  w h e n  p r essu r e  w i t h i n  t h e c h i m n e y  
d r o p p e d  b e l ow . 0 1 "  o f  wa te r . Usi n g  th i s  c o n tro l ma y r e d u c e  
h ot a n d c o l d  ba ckdra ftin g . 

T h ese me t h o ds o f  c o n t r o l l i n g th e i n d u c e d  dra ft f a n  wi l l b e  
a ssesse d a f ter t h e  f o l l owing tests i n dic a te t h e  p o t e n t i a l  o f  th i s  
r emed i a l  me a s ure to overcome ve n t i ng f a il u r es .  
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3.0 PROPOSED METHOD OF RESEARCHING JUJIEDIAL MEASURES 

T h e  o b j e c t i v e s  o f  t h ese tests er e to d e te rm i n e  the e f f e ct i v e n ess 
en d a b i l i ty o f  e a c h  r em e d i a l  measu r e to o v e r c ome ba c k d r e f t i n g  
u n d e r  c o n tr o l l ed c o n d i t i o n s. 

T h e  test i n g  w i l l  ta ke p l a c e  et t h e  Ho l l a n d  Co l l e g e  E n e r g y S ystems 
T e c h n o l o g y  C e n t r e. Th ese f a c i l i t i es i n c l ud e  a l i b r a r y  o f  
r es e a r c h wo r k  a n d  ma nua 1s f o r  o i l c om bust i o n  fur n a c es en d a 
w o r ks h o p  f o r  f a b r i c a t i on e n d  i nsta l l a t i o n  o f  test e qu i pme n t. T h e  
r em e d i a l  me asur es w i  11 be test e d  i n  a fur n a c e  r oom w i th two 
f u r n a c es, a h y d r o n i c  system a n d  a f o r c e d  a i r  system. Th ese 
fur n a c es c a n b e  f i tt e d  w i th se v e r a l d i f f e r e nt bu r n e r s. 

Va r i a b l es to b e  c o n s i d e r e d a n d  r equ i r e d equ i pme n t  a r e  l i ste d 
b e l ow. 

VAR IABLE 

Fu r n a c e  r oom p r essur e (Pa ) 

P r essur e i n  f l ue (Pa) 

De l a y (se con ds ) 

Dr a f t d i r e c t i o n  

Outdoo r  temp e r a tu r e,  
w i n d  s p e e d  a n d  d i r e c t i on 

MEASURE I CONTROL 

Ret r ote c Doo r  Fa n 

Dwy e r  Ma n omete r 

Un i v e r sa l  v a r i a b l e d e l a y 
t i me r  w i t h so l e no i d va l v e 
Stopwa tc h 

Smoke P e n c i l s 

W e a t h e r  o f f i c e 

T h e  te sts be l ow w i l l  b e  con ducte d o n  both a h ot a i r  fur n a c e  a n d 
b o i l e r  ut i l i z i n g se v e r a l d i f f e r e n t  bu r n e r  ma kes . 

Descrip tion o f  Tes t s :  

Test 1. S t a tic pressure induced by fa ns 

Co n d i t i on :  F l ue B l o c ke d  
Mon omete r to measur e p r essur e i ns i d e f l ue 
p i p e vs t i me 

la . Bu r n e r  f a n  o pe r a t i n g  a n d  f l ue p r e ssu r e w i l l  be  
r e c o r d e d  ov e r  t i me unti l  ste a d y  sta te p r essu r e i s  
r e a c h e d  . 

... 
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lb. As a bove, b u t  d r a f t  in d u c e r  f a n  r e p l a c es bu r n e r  
f a n . 

le. As a b ove, with both f a ns r u n ning t oge t h e r . 

Da ta wi 11 be g r a p hica l l y d is p l a y e d  in a p r ess u r e  v.s. t ime g r a ph 
a s  be l ow :  

• ' 
1C 

I 
--1 ND UC ED j 

-:=...-==----==- --� 1 B PRESSURE I r_ 

- -_ 1 A 
(Pa) I ---! / � 

TIME 
j /' ,/ 

_ (SEC) __If/ / -----·--, �-· ----------
Resu l ts wi l l  d e te r mi n e :  

t ime r e q u i r e d  t o  r e a c h  ma ximum f a n  e f f ective n ess . 

- ma ximum p r ess u r e  e a c h  f a n  is ca p a b l e o f  p r o d u cing. 

- a compa r iso n o f  bo i l e r a n d  f u r n a c e c h a r a c te r istics. 

Tes t 2 .  Backd r a f t  & Spi l l age p oints ( co l d )  

2 . 1 With bu r n e r  f a n  o n ,  th e r oom wi l l be g r a d u a l l y  
d e p r ess u r i z e d  u n ti l  spi l l a ge a n d ba ckd r a f t  o c c u r .  

2. 2 As a bove , b u t  using d r a ft in d u c e r .  

2. 3 As a bove , using both f a ns. 

Resu l ts wi l l  d e te r mi n e :  

- Abso l u t e MAD ( c o l d) i n  Pa . 

Test 3. So l enoid De l ay Time Requi r ed to Esta b l ish Upd r a f t  

S t a r t in g  wi t h  t h e f a n  o f f, t h e time r eq u i r e d  t o  
esta b l is h  u p d r a ft wi l l  be measu r e d a t  a se r ies o f  
a p p r o p r ia t e d e p r ess u r i z a t io n  l e ve l s. 
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Resu l t s  will d e t ermin e: 

- Ac t u al MAD (cold ) 

- Maximum pra c t ical delay 

• 
I 

FURNACE i 
ROOM I 

PRESSURE I (PA) 
I � --

�- -· - ·-·----- -··-··-- · ·----· ·-· . (���) I 
Da t a  w i ll be graph i cally d i splay ed i it  a pressure v . s. t i me graph . 

Te s t  4. Beckd r a f t  a nd Spi l lage Te s t s  (Ho t )  

W i t h  t h e  b ur n er f i r i n g ,  Tes t s  2 . 1 ,  2 . 2, e n d  2 . 3  w i ll b e  
re p ea t e d .  

Resul t s  w i ll de t erm i n e: 

- Absol u t e  MAD (Ho t ) .  

I t  i s  l i k e ly t ha t  f ur t her t es t s  w i ll be i n cluded as t h i s  work 
de v elops . The r eme d i al measures w i ll be assessed on t he bas i s  o f  
e q u i pme n t i n s t alla t ion, cos t a n d  da t a  c o lle c t ed dur i n g t h e  t e s t  
p er i od a n d  prese n t e d i n  t he final r e p or t . 

8 
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1 .  SUWMRY 

Th i s  wo r k ,  b y  So l s e a r c h I n c . , i s  pa r t  o f  t h e CMHC p r o j e c t , 
" R e s i d e n t i a l  C om b u s t i o n V e n t i n g Fa i l u r e s - A S y s t ems 
A p p r o a c h 11 , ma n a g e d  b y  t h e S c a n a d a S h e l t a i r  Co n s o r t i um . 

S i x p o t e n t i a l  me a s u r e s w h i c h c o u l d r e d u c e  s p i l l a g e  o r  
ba c k d r a f t i n g i n  o i l f i r e d  c om b u s t i o n s y s t em s  we r e  a s s e s s e d  
a n d  t h e t h r e e mo s t p r a c t i c a l  me a s u r e s w e r e c h o s e n  f o r  
t e s t i n g .  

S p i l l a g e  o c c u r s wh e n  a p o r t i o n o f  t h e c om b u s t i o n p r o d u c t s  
v e n t s  i n t o  t h e h o u s e . Ba c k d r a f t i n g o c c u r s  w h e n  t h e f l o w i n  
t h e c h i mn e y  i s  r e v e r s e d , a n d  u n d e r  t h i s  c o n d i t i o n ,  a l l 
c om b u s t i o n p r o d u c t s  v e n t i n t o  t h e h o u s e .  

T h e  t h r e e me a s u r e s t e s t e d w e r e : ( 1 )  a d e l a y e d  a c t i o n 
s o l e n o i d v a l v e ;  ( 2 )  a n  i n d u c e d  d r a f t  f a n ;  a n d  ( 3 )  a h i g h 
p r e s s u r e  b u r n e r  w i t h  a d am p e r  l e s s , i n s u l a t e d f l u e . 

Th e f i r s t  s e r i e s o f  t e s t s t e s t e d t h e a b i l i t y o f  a 
c o n v e n t i o n a l b u r n e r  f a n t o  r e \' e r s e  f l ow i n  a ba c k d r a f t i n g 
c h i mn e y , u n d e r  d i f f e r e n t  l e \' e l s  o f  h o u s e  d e p r e s s u r i z a t i o n .  
T h e  s e c o n d  s e r i e s o f  t e s t s  m e a s u r e d t h e s t a t i c  p r e s s u r e  
o b t a i n a b l e b y  t h e b u r n e r  f a n  a n d / o r  d r a f t  i n d u c i n g f a n  w i t h  
a b l o d ; e d  f l u e .  T h e  t h i r d  s e r i e s o f  t e s t s d e t e r m i n e d  t h e 
l e v e l  0 f  h 0me d e p r e s s u r i z a t i o n a t  w h i c h a b o i l e r w o u l d b e g i n  
t o  s h ow s p i  1 l a g e . T h e  f o u r t h  s e r i e s o f  t e s t s  w e r e  f i e l d  
t e s t i n g o f  h i g h p r e s s u r e  b u r n e r s  a n d  d am p e r l e s s , i n s u l a t c- d 
f l u e s  i n s t a l l e d i n  t w o h o u s e s . 

T h e s e  l i m i t e d t e s t s  d em o n s t r a t e d t h a t  t h e r em e d i a l  m P a s u r e s 
s u g g e s  t e d f o r o i 1 f u r n a c e s  s e em t o  b e  s u i t a b 1 e w ri y s t l' 
m i n i m i z e c om b u s t i o n g a s s p i l l a g e . 

T h e  i n d u c e d  d r a f t  f a n , e s p e c i a l l y  i f  u s e d i n  c o n j u n c t i o n 
w i t h  a s o l e n o i d d e l a y o n  t h e b u r n e r , c a n  r e v e r s e  ba c k d r a f t s  
a n d  m i n i m i z e  s p i l l a g e  u n d e r  a n y  l i k e l y h o u s e  d e p r e s s u r 
i z a t i o n .  Dow n s t r e a m  o f  t h e f a n  t h e r e ma y be s om e  s t a r t - u p  
s p i l l a g e  a t  f l u e p i p e  j o i n t s , u n l e s s  t h e s e  a r e  p r o p e r l y  
s e a l e d .  Th e r e  wa s n o  i n v e s t i g a t i o n o f  t h e e f f e c t  o f  t h e f a n  
o n  f u r n a c e / b o i l e r b u r n e r p e r f o r ma n c e . 

T h e  d e l a y e d  a c t i o n s o l e n o i d g i v e s s u f f i c i e n t  t i me f o r  t h e 
b u r n e r  f a n  t o  r e v e r s e  a n  i n i t i a l b a c k d r a f t . I t  d o e s  n o t  
p r e v e n t s p i l l a g e  f r om t h e u n i n t e n t i o n a l o r  i n t e n t i o n a l h o l e s 
( e g .  d amp e r  p e r i m e t e r ) ,  a l t h o u g h  b y  b e t t e r e s t a b l i s h i n g 
p r o p e r f l ow i n  t h e c h i mn e y , i t  ma y r e d u c e  t h e d u r a t i o n o f  
s p i l l a g e .  B y a t h o r o u g h  s e a l i n g o f  t h e f l u e p i p e  a n d  a l l  
c o n n e c t i o n s , t h i s  s p i l l a g e  w i l l  be f u r t h e r  r e d u c e d . N o  
me a s u r eme n t s  o f  t h e e f f e c t s  o f  t h e r eme d i a l  me a s u r e s o n  
s p i l l a g e  d u r a t i o n w e r e  u n d e r t a k e n  d u r i n g t h e s e  t e s t s . 

1 

� 



T h e  d a mp e r l e s s , i n s u l a t e d f l u e a n d  h i g h p r e s s u r e  b u r n e r  d o e s  
c r e a t e  a n  i mp r o v e d  c h i mn e y  d r a f t  a n d f e w e r  h o l e s  f o r  f l u e  
ga s s p i l l a g e  t o  o c c u r . T h e  ma r g i n o f  i mp r o v em e n t i s  n o t  a s  
g r e a t  a s  w i t h  t h e i n d u c e d  d r a f t  f a n  a n d  t h e c o s t o f  t h i s  
r e t r o f i t i s  q u i t e h i g h .  I t  s e ems t o  be a g o o d  o p t i o n f o r  
h ome own e r s  w i t h  a f u r n a c e / b o i l e r i n  g o o d  c o n d i t i o n a n d  a 
c h i mn e y  i n  n e e d o f  r e pa i r  ( o r  s u f f e r i n g f r om c o n d e n s a t i o n 
p r o b l ems ) .  
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2 .  I NTRODUCT I ON 

T h e  CMHC p r o j e c t , " R e s i d e n t i a l C om b u s t i o n V e n t i n g Fa i l u r e  -
A Sy s t em s A p p r o a c h " , i s  t h e c u l m i n a t i o n o f  s e \• e r a l  y e a r s  o f  
r e s e a r c h i n t o  c h i mn e y s t h a t  f a i l t o  p r o p e r l y  v e n t e x h a u s t  
g a s e s . As p a r t  o f  t h e 1 9 8 6  r e s e a r c h , r em e d i a l  me a s u r e s w e r e  
t o  b e  i n v e s t i g a t e d t o  c o u n t e r a c t  t h e s p i l l a g e o f  c om b u s t i o n 
p r o d u c t s  f r om o i l ,  g a s , a n d  w o o d - b u r n i n g a p p l i a n c e s . T h e  
S c a n a d a S h e 1 t a i r C o n s o r t i um ,  w h i c h ma n a g e d  t h e p r o j e c t , 
c h o s e S o l s e a r c h I n c . ,  o f  P r i n c e  E dw a r d  I s l a n d , t o  u n d e r t a k e 
t h e r e s e a r c h  i n t o  r em e d i a l  m e a s u r e s f o r  o i l - f i r e d s y s t em s . 
A d e s c r i p t i o n o f  t y p i c a l o i l f u r n a c e o p e r a t i o n ,  f o r  t h o s e  
u n f am i l i a r  w i t h  t h e p r o c e s s , i s  i n c l u d e d  i n  A p p e n d i x 1 .  

A f t e r d i s c u s s i o n s  w i t h  v a r i o u s  a u t h o r i t i e s ,  a l i s t o f s i x  
me a s u r e s wa s c r e a t e d ( s e e Ap p e n d i x  2 ) . T h e s e  w e r e a s s e s s e d  
i n  t u r n  t o  p r o d u c e  a s h c r t l i s t o f  t h r e e d e v i c e s  t h a t  w e r e 
f e a s i b l e ,  p r a c t i c a l , a n d  s u i t a b l e f o r  t e s t i n g :  ( 1 )  De l a y e d  

A c t i o n S o l e n o i d Va l v e ; ( 2 ) I n d u c e d D r a f t F a n ; a n d  ( 3 ) H i g h 
P r e s s u r e  B u r n e r / I n s u l a t e d F l u e . 

T h e  f i r s t  t wo d e v i c e s  w e r e  l a b o r a t o r y  t e s t e d .  A d e l a y e d 
a c t i o n s o l e n o i d v a l v e a l l ow s  t h e f a n o n  t h e o i l b u r n e r  t o  
a c t i v a t e b e  f o r  e t h e  o i l f l  o w  i s s t a r t e d . T h e  c om b  u s  t i o n  
c h a m b e r , a n d  a t  l e a s t t h e b a s e  o f  t h e c h i mn e y , i s  
p r e s s u r i z e d  b y  t h i s f a n  f l o w ,  a n d  t h e t h e o r y wa s t h a t  t h i s 
i n i t i a l p r e s s u r i z a t i o n c o u l d  r e \' e r s E· a b a c l\ d r a f t i n g c h i mn e y  
b e f o r e t h e b u r n e r f i r e d a n d c om b u s t i o n p r o d u c t s w e r c 
c r e a t e d .  

T h  e i n d u e e d d r a f t f a n , rn ci u n t e d o n t h e f l u e p i p £• • r u I 1 s t h e 
p r o d u c t s  o f  c om b u s t i o n o u t  o f  t h e c om b u s t i o n c h a m b e r  a n d 
t h e n  p u s h e s  t h i s a i r  f l o w u p  t h e c h i mn e y . B e c a u s e  t h e 
i n d u c e d  d r a f t  a n d  b u r n e r  f a n s  c r e a t e  d i f f e r e n t  p r e s s u r e  
r e g i m e s  i n  t h e f u r n a c e - f l u e p i p e - c h i m n e y  s y s t em ,  t h E· y w 0 u l d  
h a v e  t o  b e  t e s t e d b o t h  s e p a r a t e l y  a n d  t o g e t h e r . T h e s e  t e s t s 
w e r e  u n d e r t a k e n  a t  t h e H o l l a n d  C o l l e g e  E n e r g y S y s t em s  
Te c h n o l o g y  L a b o r a t o r y . 

T h e  t h i r d  s u g g e s t e d r em e d i a l  me n s u r e i s  t h e  " h i g h p r e s s u r e 
b u r n e r / i n s u l a t e d  f l u e  c om b i n a t i o n "  r e c orrrn e n d e d  b y  E S S O  
Ca n a d a . To t e s t  t h e  i m p r o v em e n t  0 f  d r a f t  a n d  t h e r e d u c t i o n 
o f  p o s s i b l e s p i l l a g e d u e  t o  t h i s  s y s t em ,  t wo h o u s e s  w e r e 
r e t r o f i t t e d  w i t h  t h e b u r n e r / c h i mn e y . T e s t s  b e f o r e a n d  a f t e r  
t h e i n s t a l l a t i o n s  s h ow e d  t h e d r a f t  i mp r o v em e n t . T h e 
po s s i b l e c o n d e n s a t i o n p r e v e n t i o n , d u e  t o  t h e c h i m n e y  
i n s u l a t i o n , wa s n o t  i n v e s t i g a t e d . 

3 

; 



3 .  PROCEDURE 

"' 

T h e  f i r s t  t wo r em e d i a l  me a s u r e s , t h e d e l a y e d  a c t i o n s o l e n o i d 
v a l v e  a n d t h e i n d u c e d  d r a f t  f a n , w e r e  t e s t e d a t  t h e Ho l l a n d  
C o l l e g e  E n e r g y  S y s t em s  T e c h n o l o g y  La b o r a t o r y .  T h e  g e ome t r y  
a n d  d i m e n s i o n s  o f  t h e b o i l e r / f l u e p i p e a r e  d e t a i l e d i n  
F i g u r e  1 .  No t e t h a t  t h e r e  a r e  6 . 3  m e t r e s  o f  f l u e p i p e a n d  
c h i mn e y  i n s i d e t h e b u i l d i n g a n d  l e s s  t h a n  a m e t r e a b o v e  t h e 
r o o f . E s s e n t i a l l y ,  t h i s  i n s t a l l a t i o n i s  a n  i n t e r n a l  c h i mn e y  
a n d  s h o u l d  s h ow l i t t l e  s u s c e p t i b i l i t y t o  o u t s i d e t em p e r a t u r e  
i n  r e g a r d s t o  f l u e g a s c o o l i n g .  P o i n t s  A a n d  B o n F i g u r e  1 
a r e  6rrm h o l e s  i n  t h e f l u e  p i p e ,  u s e d  f o r  o b s e r v a t i o n ,  a n d  
Po i n t C i s  t h e i n s p e c t i o n p o r t  o n  t h e f a c e o f  t h e b o i l e r .  

T h e  b o i l e r i s  a K e r r  Mo d e l A 3  & A 4 . 
f i t t e d t o  i t  s e q u e n t i a l l y : 

S e v e r a l b u r n e r s  w e r e  

C o n v e n t i o n a l b u r n e r : 

H i g h  p r e s s u r e  b u r n e r : 

Ae r o  E n v i r o nm e n t a l , � o d e l FAFC 
1 . 2 5 USGPH n o z z l e 
Fa n r pm 1 7 2  5 
S o l e n o i d  d e l a y 8 s e c o n d s  

R i e l  l o  M e c t r o n  M 3 , T y p e  2 1 5  TC 
0 . 6 0 USGPH 
( a  0 . 9 5 USGPII  n o z z l e w a s 

t e s t e d s e p a r a t e l y )  
F a n  r prn 3 2 5 0 
S o l e n o i d  d e l a y  1 2  s e c o n d s  
A i r s u p p l y d a m p e r  c l o s e s  w h e n  

u n i t n o t  o p e r a t i n g 

1\Io d i f i c a t i o n s  w e r e  m a d e  t o  t h e b u r n e r s  t o  a l l o w t h e o i l 
s u p p l y t o  b e  c u t  o f f , e v e n  t h o u g h  t h e b u r n e r  h a d b e e n  
a c t i \· a t e d ( s e e  F i g u r e  2 ) . T h i s  a l l o w e d  t h e t e s t e r s  t o  k e e p  
t h e f l u e c o o l , i f  d e s i r e d , wh e n  r u n n i n g a s e r i e s o f  " s t a r t 
u p  a g a i n s t  b a e k d r a f t "  t e s t s . 

T h e  d r a f t  i n d u c e r  wa s a T j e r n l u n d A u t o d r a f t , M o d e l D Z , 
p a d d l e  t y p e  w h i c h wa s mo u n t e d o n  t h e f l u e p i p e a b o u t  l m  f r om 
t h e b o i l e r ( s e e F i g u r e  1 ) . T h e  i n d u c e r d i d  n o t  a f f e c t  t h e 
f l ow o f  f l u e g a s e s  w h e n  n o t  i n  o p e r a t i o n .  S e e  Ap p e n d i x  3 
f o r  d e t a i l s o f  t h e i n d u c e r . 

To mo d e l n e g a t i v e h o u s e  p r e s s u r e i n  t h e l a b o r a t o r y ,  a 
R e t r o t e c RDF 4 0 0  d o o r f a n  wa s i n s t a l l e d i n  o n e  o f  t h e 
l a b o r a t o r y  d o o r s .  T h e  p r e s s u r e  m e a s u r em e n t wa s b y  a Dwy e r 
D u r a b l o c k  Mo d e l 1 1 5  ma n om e t e r  w i t h  a r e a d i n g a c c u r a c y  o f  
a b o u t  0 . 3  Pa . Howe v e r  t h i s  a p p a r e n t  a c c u r a c y  s h o u l d  b e  
q u a l i f i e d b y  w i n d y  t e s t i n g c o n d i t i o n s  w h i c h ma d e  t h e 
ma n om e t e r o s c i l l a t i o n s  + 1 Pa . I f  t h e p r e s s u r e  f l u c t u a t i o n s  
e x c e e d e d  t h i s f i g u r e , t es t i n g wa s a b o r t e d . 
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T h e r e  a r e s om e  d i s c r e p a n c i e s i n  t e r m i n o l o g y  i n  t h e t e s t  
r e p o r t i n g .  I n  t h e o r i g i n a l  t e s t i n g ,  a s  s h o w n  i n  t h e 
G l o s s a r y  a n d  t h e r aw d a t a  a p p e n d e d , t h e r e  w e r e  t wo s p i l l a g e  
p o i n t s  o b s e r v e d . "C r o s s - o v e r "  o c c u r r e d w h e n  t h e c a n d l e 
f l am e  i n d i c a t e d va r i e d f l ow i n ,  a n d  o u t  o f , t h e o b s e r va t i o n 
h o l e .  " Sp i l l a g e "  wa s d e f i n e d  a s  c o n t i n u o u s l y o u t wa r d  f l ow 
o f  c omb u s t i o n ga s e s  f r om t h e f l u e t o  t h e r o om .  I n  t h e bo d y  
o f  t h e r e po r t ,  t h e " c r o s s - o v e r "  d a t a  h a s b e e n  u s e d t o  
i n d i c a t e  t h a t  s p i l l a g e  i s  s t a r t i n g ,  a n d  t h i s da t a  i s  
l a be l l e d a s  " s p i l l a g e "  d a t a . 

F i gure 1 - Bur n er a n d  F l ue Geome t r y  

1 75 FLUE P IPE 
D R AFT ' N DU CI N G  FAN 
B AROM ETR I C  DAMPER 
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F i g u r e  2 - C i r c u i t D i a g r am  o f  Con v e n t i ona l Bu r n e r  

L1 

LINE 

' LIM I T  SWITCH 

r PRIM ARY CONlROL 

TOGGLE SWITCH 

IGNl"ll ON 

TRANSFORMER 

L2 

NEUTRAL 

N OTE: Th e toggle switch is u sed to delay the oil  com ing into the com bu stion 
cham ber. 
Th e burner is a l l owed to run and in duce air m ovem e n t  into the Fl u e  without 
combu stio n .  

After burn er fan started the c a d  e e l  term i n a l s  were shorted t o  
p revent shut- down. 

F i g u re 2 C i rc u i t  D i a g ra m o f  Con ven t i o n a l  B u rn er 
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3 . 1  BACKDRAFT TEST I NG 

Th e f i r s t  s e r i e s  o f  t e s t s  wa s p e r f o r me d t o  e s t a b l i s h w h e t h e r  
a b u r n e r  f a n  o r  a d r a f t  i n d u c e r , d u r i n g t h e s o l e n o i d d e l a y  
be f o r e t h e b u r n e r  i g n i t e s , c o u l d  r e v e r s e  a b a c k d r a f t i n g 
c h i mn e y . I f  a c h i mn e y  h a s  c o o l e d d u r i n g t h e o f f - c y c l e  a n d 
h o u s e d e p r e s s u r i z a t i o n c a u s e s t h e c h i mn e y  t o  a c t  a s  a n  a i r 
s u p p l y t o  t h e h o u s e , c h i mn e y  f l ow m u s t b e  r e v e r s e d u p o n  
f u r n a c e  o r  b o i l e r s t a r t - u p .  W i t h o u t  a n y  d e l a y i n  b u r n e r  
a c t i v a t i o n ,  s u c h  s i t u a t i o n s  r e s u l t i n  f u r n a c e  b a c k p u f f i n g 
a n d  r um b l i n g .  T h e  t e s t s we r e  p e r f o r m e d  w h e n  o u t s i d e 
t emp e r a t u r e s w e r e  a p p r o x i ma t e l y  - 1 0 °c .  C h i mn e y  t em p e r a t u r e s 
a p p r o a c h e d  - 1 0 °c a f t e r  e x t e n s i v e ba c k d r a f t i n g .  Co l d e r  
c o n d i t i o n s  wo u l d  h a v e  p r o v i d e d  a mo r e  d i f f i c u l t e n v i r o nme n t  
f o r  d r a f t  r e - e s t a b l i s hme n t , a s  c h i mn e y  p r e - c o o l i n g w o u l d  b e  
mo r e  s e v e r e . 

T h e  t e s t s  we r e  p e r f o r me d w i t h  t h e l a bo r a t o r y  r o om 
d e p r e s s u r i z e d  t o  d i s c r e e t  l e v e l s  b y  t h e d o o r  f a n , t o  a 
ma x i m um o f  6 0  Pa . T h e  s y s t em wa s r u n a g a i n s t  a v a r i e t y  o f  
d e p r e s s u r i z a t i o n s , a n d t h e t i m e s  w e r e r e c o r d e d  w h e n  t h e 
ba c k d r a f t i n g f l ow wa s e f f e c t i v e l y  s t a l l e d b y  t h e b u r n e r  f a n  
f l ow .  T h i s  wa s i n d i c a t e d b y  t h e v i s u a l l y  o b s e r v e d  r e v e r s a l 
o f  smo k e  f l ow o f  a s m o k e  p e n c i l  c e n t r e d i n  t h e s m o k e  p i p e 
( P o i n t  A ) . 

A s e c o n d  s e r i e s o f  f l ow t e s t i n g w a s u n d e r t a k e n  w i t h  a 
v e l ome t e r a i r f l o w m e t e r i n s t a l l e d i n  t h e f l u e  p i p e .  T h e  
b J r n e r  f a n w n s a c t  i v a t e d , w i t h o  u t o i l f l ow � t o a i d t h e  
n a t u r a l  d r a f t  o f  t h e c h i mn e y . T h e  r o om w a s t h e n  s l o w l y 
d e  p r  e s  s u r i z e d  t o 8 5 Pa , w i t h t h e  f I u e p i  p e a i r f I ov: b e  i n g 
r e c o r d e d . 

3 . 2  STAT I C  PRESSURE TEST I NG 

On a mo r e  g e n e r a l ba s i s ,  s om e  t e s t s  we r e  p e r f o r m e d  t o  
d e t e r m i n e  t h e t i m e v s . p r e s s u r e  c h a r a c t e r i s t i c s o f  t h e f a n s 
i n v o l v e d . Th e d i f f e r e n t b u r n e r  f a n s  i n s t a l l e d o n  t h e 
b o i l e r ,  i n c l u d i n g  a 0 . 9 5 U SGPH h i g h p r e s s u r e  b u r n e r , w e r e  
a c t i \' a t e d w i t h a n d  w i t h o  u t t h e  d r a f t i n d u  c i n g f a n  . T h e  
p r e s s u r e  i n  t h e f l u e p i p e ,  a t  P o i n t B ,  wa s me a s u r e d w i t h  t h e 
Dw y e r  ma n om e t e r , a n d  t i m e  r e q u i r e d f o r  t h e p r e s s u r e  r i s e 
r e c o r d e d  b y  s t o pwa t c h .  T h e  f a n  c u r v e s  p r o d u c e d  a r e  u n i q u e  
t o  t h i s  b o i l e r / f l u e p i p e s y s t em a n d  a r e  r e f e r e n c e d  o n l y  t o  
t h e o n e  p o i n t  o f  p r e s s u r e  me a s u r eme n t  a t  P o i n t B .  T h e s e 
t e s t s w e r e p e r f o r m e d w i t h o u t  o i l f l ow a n d  r e p r e s e n t  o n l y  t h e 
p r e s s u r e s t h a t  t h e b u r n e r  f a n s  c o u l d p r o d u c e . T h e r ma l l y 
c r e a t e d d r a f t  wa s n o t a f a c t o r  i n  t h e s e  t e s t s  a n d  t h e f l u e 
p i p e wa s b l o c k e d  a t  t h e c h i mn e y . 
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A f i n a l  t e s t  wa s u n d e r t a k e n  t o  e s t a b l i s h t h e l e a k a g e 
c h a r a c t e r i s t i c s  o f  t h e f l u e p i p e i t s e l f .  W i t h  t h e 
c o n v e n t i o n a l b u r n e r  f a n  a c t i v a t e d a n d  t h e f l u e p i p e 
d i s c o n n e c t e d  f r om t h e c h i mn e y  a n d  b l o c k e d , t h e p r e s s u r e  i n  
t h e f l u e p i p e  wa s me a s u r e d a t  P o i n t  A .  To v i ew t h e e f f e c t s  
o f  t h e p i p e l e a k a g e , t h i s t e s t wa s r e - r u n w i t h  a l l  j o i n t s , 
t e s t  h o l e s , a n d  t h e b a r om e t r i c d am p e r  s e a l e d w i t h  a l um i n um 
t a p e . A t h i r d t e s t  i n v o l v e d r emo v i n g t h e f l u e p i p e f r om t h e 
b o i l e r ,  b l o c k i n g t h e b o i l e r e x h a u s t ,  a n d  s am p l i n g t h e b u r n e r 
f a n  p r e s s u r e  t h r o u g h  t h i s  b l o c k a g e . Th i s  e s t a b l i s h e s  t h e 
r a n g e  o f  p o s s i b l e  p r e s s u r e s a n d  p o i n t s  t o  t h e s e c t i o n s  w h e r e  
p r e s s u r e  l o s s e s a n d  s p i l l a g e  l o c a t i o n s  a r e  c r e a t e d .  

3 . 3  SP I LLAGE TEST I NG 

T h e  p r e v i o u s  t e s t s d e t e r m i n e d  w h e t h e r , a n d  b y  w h a t ma r g i n ,  
t h e b u r n e r  f a n  o r  d r a f t  i n d u c e r  w a s a b l e t o  r e v e r s e  a n  
i n i t i a l ba c k d r a f t . T h e  t e s t s a l s o d e l v e d  i n t o  t h e l e a k i n e s s 
o f  t h e b o i l e r / f l u e p i p e s y s t em .  

S p i l l a g e  t e s t i n g i s  n o t r e l a t e d t o  f l ow d i r e c t i o n ( e g . 
n o r ma l u pw a r d  e x h a u s t v s . b a c k d r a f t i n g ) , b u t w h e t h e r  t h e 
c o m p o n e n t s o f  t h e s y s t e m a r e a t  a h i g h e r  p r e s s u r e t h a n  t h e 
s u r r o u n d i n g r o om a i r .  I f  t h e f l u e p i p e - t o - h o u s e  p r e s s u r e  i s  
po s i t i v e a n d  l e a k a g e a r e a s  e x i s t , t h e e x h a u s t g a s e s w i l l  
s p i 1 l i n t o t h fl h o u s e a i r i n v a r y i n g a mo u n t s . 

T e s t i n g w a s p e r f o r m e d  o n  t h e s am e  l a b o r a t o r y s e t - u p  a s  i n 
F i g u r e  1 a n d  e v i d e n c e  o f  s p i l l a g e w a s r e c o r rl f' d  1-tt P o i n t s  A ,  
B a n d C . S p  i I I a g e c o  n c e r n s t h e e x h a u s t p r o d ' c· t s t h a t 
a c t u a l l y e n t e r  t h e h o u s e  a i r .  A r eme d i a l me n � u r e  d e s i g n e d  
t o  p r e v e n t ba c l\ d r a f t i n g ma y s t i l l c a u s e  s p i l l a [ e , e s p e c i a l l y  
i f 1 i m i  t e d i n t i m e  . I t i s , h ow e v e r  , 1 e s  s o f  a s a f e t y p r o b l em 
t h a n  ba c l\ d r a f t i n g .  

T h e  r e c o r d i n g o f  s p i l l a g e  w a s q u i t e s u b j e c t i v e ;  i t  w a s 
d e t e r m i n e d  b y  t h e u s e  o f  a c a n d l e  f l a m e  o r  s mo k e  p e n c i l  
S e e  t h e r a w d a t a  i n  A p p e n d i x 4 a n d  t h e d e f i n i t i o n s  i n  t h e 
G l o s s a r y  t o  a p p r e c i a t e  t h e s u b t l e  d i s t i n c t i o n s  b e t w e e n  
" c r o s s - o v e r " , " s p i l l a g e " , a n d  " p u f f i n g " . Co n s i d e r  t h e 
t r a n s i t i o n s  i n  a d y n am i c s i t u a t i o n ,  b e  i t  a ba c k d r a f t  
r e v e r s a l o r  bo i l e r  s t a r t - u p , a n d  h ow t h e y  m a y  b e  a f f e c t e d b y  
f l u c t u a t i n g w i n d s  o u t s i d e .  Fa c t o r i n  i n s t r um e n t a t i o n l a g 
a n d  r e a d i n g  e r r o r , a n d , o n l y  t h e n , l o o k  a t  t h e s p i l l a g e  
t e s t i n g s e c t i o n .  R e s u l t s , s h o w n  i n  Ta b l e  2 ,  a r e  p r o b a b l y  
go o d  t o  a p p r o x i ma t e l y + 2 Pa , s o  5 Pa d i f f e r e n c e s  a r e  
g e n e r a l l y  s i g n i f i c a n t .

-

T h e  s p i l l a g e  t e s t s w e r e  p e r f o r m e d  i n  t h e s ame v a r i e t y  o f  
s y s t ems a s  t h e p r e c e d i n g b a c k d r a f t  t e s t s .  I n  t h i s  c a s e , t h e 
b u r n e r  f a n  o r  i n d u c e d  d r a f t  f a n  wa s a c t i v a t e d ,  w i t h o u t  o i l 
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f l ow a n d  b u r n e r  a c t i v a t i o n .  W h e n o p e r a t i n g p r e s s u r e s we r e  
e s t a b l i s h e d , t h e d o o r  f a n wa s u s e d  t o c r e a t e  a l a b o r a t o r y 
d e p r e s s u r i Z E d i o n .  S p i l l a g e  w a s mo n i t o r e d a t  P o i n t s A ,  B a n d  
C u n d e r  v a r y i n g l e v e l s  o f  d e p r e s s u r i z a t i o n .  To s i m u l a t e 
o p e r a t i n g b u r n e r s , t h e b o i l e r / f l u e p i p e w a s h e a t e d u p  b y  t h e 
b u r n e r  f o r  1 5  m i n u t e s t o  c r e a t e  a " h o t  f l u e " . T h e  b u r n e r  
o i l f l ow wa s t h e n  s h u t  o f f  f o r  t h e " h o t  f l u e "  t e s t i n g .  T h i s  
p r o c e d u r e wa s u s e d  t o  m i n i m i z e p r o g r e s s i v e  h e a t i n g o f  t h e 
f I u e w i t h b u  r n e r o p e r a t i o n  , b u  t f 1 u e g a s t em p e r a t u r e s  d u  r i n g 
" h o t  f l  u e "  t e s  t i n g s t i I 1 v a r i e d w i d e  1 y ( f r  om 8 7 - 1 9 6 oc )  • 

T h i s  v a r i a t i o n c e r t a i n l y  a f f e c t e d t h e t e s t  r e s u l t s . 

3 . 4 F I ELD TEST I NG OF THE DAMPERLESS ,  I NSULATED FLUE 
W I TH H I GH PRESSURE BURNER 

T h e  r em e d i a l me a s u r e " d amp e r l e s s  f l u e w i t h  h i g h p r e s s u r e 
b u r n e r "  wa s d e v e l o p e d a n d  p r omo t e d b y  I mp e r i a l  O i l Ca n a da . 
I t  wa s r e c orrme n d e d  b y  a mem b e r o f  t h e p r o j e c t Ad v i s o r y  
Comm i t t e e , H a r r y  We s t  o f  ESSO . S e e  Ap p e n d i x  3 f o r d e t a i l s 
o n  t h e c h i mn e y  i n s t a l l a t i o n .  

Th e s y s t em c o n s i s t s  o f  a h i g h p r e s s u r e  b u r n e r  ( s i m i l a r t o 
t h o s e  a l r e a d y  m e n t i o n e d ) ,  a n d  a s e a m l e s s , i n s u l a t e d f l u e  
l i n e r  i n s t a l l e d i n  t h e e x i s t i n r. ma s o n r y c h i m n e y , c om p l e t e  
w i t h  w i n d - d i v e r t i n g c a p . T h e r e i s  n o  b a r om e t r i C'  d a m p e r i n  
t h E' s y s t em . 

Tw 0 h o  u s e s w c· r e s e 1 e C' t e d f o r r e t r o f i t w i t h t h i s r em E"' c1 i a l 
m e 11 s u r e . B o 1 h w e r e r e l a t i \' e l y n e w R - 2 0 0 0 t y p c h o u s e s w i t h 
2 0 0 x 3 0 0rrrn m a s 0 n r y  c h i mn e y s . Ea C' h  o f  t h e h 0m P s  w a s t e s t e d i n  
l 9 8 4 - 8 5 a s  p a  r t o f t h e  R e s  i d e n  t i a l C om b  u s  t i 0 n S a  f e t y 
C h  f' c I\ J i s t r e s e a r c h  p r o  j e C' t . On e o f  t h e h o u s e s  a J r e fl d y h a d 
h i g h p r e s s u r e  o i l b u r n e r s  w i t h o u t  b a r om e t r i c  d am p e r s  
i n s t a l l e d 0 n a b 0 i I e r  a n d  h o t  w a t e r  h e  a t e r  . A t  t e m p t s w f' r e 

ma d e  t o l o c a  t e h o  u s e s  w i t h d r a f t f a i I u r e s d u e s p e c i f i c a  l l y 
t o  o \· e r s i z e d  ma s o n r y c h i m n e y s , w i t h o u t  s u c c f:' .:i s .  l t  w a s 
n o t e d ! h ow e v e r , t h a t  b o t h  f l u e s  i n  t h e t e s t  h o u s e s , t h o u g l 1 
o n l y t w o y e a r s  o l d ! h a d c h i p p e d  l i n e r s ! s i g n s  o f  
c o n d e n s a t i o n a n d  f r o s t  d a ma g e . 

A d e t a i l e d d e s c r i p t i o n o f  t h e t w o h o u s e s  f o l l ow s : 

P I ERCY HOUS E  

Type : s i n g l e f a m i l y  

S t r u c t u r e :  1 - 1 / 2 s t o r e y  w i t h  b a s eme n t  

I n s u l a t i o n :  R - 2 0 0 0  s t a n d a r d s 

T e s t e d a i r l e a k a g e : 

j 

1 • 4 3 ACH a t  5 O Pa 
C = 6 . 2 6 I I ( s · Pa n ) 
n = 0 . 8 6 
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.. 

He a t i n g s y s t em :  o v e r s i z e d  b o i l e r ; 2 . 0 0 GPH c a p a c i t y 

Bu r n e r : c o n v e n t i o n a l Ae r o  b e f o r e r e t r o f i t 
R l e l l o  M 3  h i g h p r e s s u r e  b u r n e r  a f t e r r e t r o f i t 
. 6 5 USGPH n o z z l e  

Ba r om e t r i c  d am p e r :  y e s  b e f o r e ;  n o n e  a f t e r 

Ag e o f  b o i l e r :  8 y e a r s  

No z z l e s i z e :  0 . 7 5 USGPH b e f o r e ;  0 . 6 5 USGPH a f t e r 

C h i mn e y :  2 0 0 x 3 0 0rrm f l u e  w i t h  c e r am i c l i n e r ; 7 . 2  m h e i b h t 

S p e c i a l  e q u i pm e n t :  a i r - t o - a i r  h e a t e x c h a n g e r ; c l o t h e s  d r y e r  

P r e v i o u s · t e s t i n g h a d  s h o w n  s p i l l a g e  w h e n  t h e a i r - t o - a i r  h e a t  
e x c h a n g e r  wa s s e a l e d a n d  t h e c l o t h e s  d r y e r  ( l o c a t e d i n  t h e 
b a s em e n t ) w a s o p e r a t i n g .  Two h e a t  s e n s i t i v e d i s c s a f f i x e d  
t o t h e b a r om e t r i c  d a m p e r h a d c h a n g e d  c o l o u r . i n d i c a t i � � t h s t  
s p i l l a g e h a d o c c u r r e d . T h e  own e r  r e p o r t e d  t h e sm e l l o f  o i l 
f um e s p r e s e n t w h e n  t h e c l o t h e s  d r y e r  wa s o p e r a t i n g .  

LOS I ER HOUS E  

T y p e : s i n g I e f am i 1 y 

S t r u c t u r e :  b u n g a l o w w i t h  b a s em e n t 

I n s u l a t i o n :  R - 2 0 0 0  s t a n d a r d s 

T e s t e d a i r  l e a k a g e : 0 . 2 6 ACH a t  5 0  P a  
C = 2 . 4 6 l / ( s · Pa n ) 

n = 0 . 7 0 

H e  11 t i n g s y s t em : 0 i l h o  t a i r f u r n a c e a n d o i l h o  t w a t e r h <:- Ii  t f- r 

B u r n e r s :  R i e l  l o  M 3  h i g h p r e s s u r e  b u r n e r s  

Ba r om e t r i c  d a m p e r s : n o n e  

A g e o f  f u r n a c e :  n ew 

No z z l e  s i z e s : 0 . 4 0 U SGPH 

Ch i mn e y  s i z e :  2 0 0 x 3 0 0rrm f l u e w i t h  c e r a m i c l i n e r ; 
5 . 5 6 m h e i g h t 

Sp e c i a l  e q u i pme n t :  a i r - t o - a i r  h e a t e x c h a n g e r ; c l o t h e s  d r y e r  

P r e v i o u s  t e s t i n g h a d s h ow n  s p i l l a g e  w h e n  t h e a i r - t o - a i r  h e a t 
e x c h a n g e r wa s s e a l e d a n d  t h e c l o t h e s  d r y e r  ( l o c a t e d i n  t h e 
b a s em e n t )  w a s o p e r a t i n g .  

1 0  
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Th e o w n e r  ha d c omp l a i n e d  o f  t h e s me l l o f  o i l f ume s i n  t h e 
b a s em e n t  b u t  h a d a t t r i b u t e d t h e p r o b l �m t o  a n  i m b a l a n c e  i n  
t h e h e a t e x c h a n g e r  s y s t em .  As a s o l u t i o n h e  h a d  a d j u s t e d 
t h e h e a t e x c h a n g e r  t o  i n d u c e a s l i g h t  p o s i t i v e p r e s s u r e  i n  
t h e h o u s e . 

F l e x i b l e 1 2 5rrrn s t a i n l e s s  s t e e l  l i n e r  k i t s  w e r e  s i z e d  a n d  
s u p p l i e d b y  E s s o  P e t r o l e um Ca n a d a . T h e  k i t s  a l s o i n c l u d e d  
d o u b l e b a s e  " T ' s "  a n d  s p e c i a l  Ae r o c o w l  c a p s  d e s i g n e d  t o  
r e d u c e  t h e e f f e c t  o f  t h e w i n d  o n  t h e d r a f t . W a t e r p r o o f e d  
V e r m i c u l i t e s p e c i f i e d f o r  i n s u l a t i o n wa s n o t a va i l a b l e .  
" P e r l i t e " ,  a v o l c a n i c ,  w a t e r p r o o f  b l o c k  f i l l , wa s u s e d  f o r  
i n s u l a t i o n i n s t e a d . 1 2 5rrrn c o n n e c t i n g f l u e p i p e s  w e r e ma d e  
l o c a l l y  o f  s h e e t  s t e e l . T h e  i n s u l a t e d f l u e  l i n e r s  w e r e  
i n s t a l l e d b y  ma s o n s . T h e  i n s t a l l a t i o n p r o c e d u r e  i s  f u l l y  
d o c ume n t e d i n  t h e i n s t a l l a t i o n ma n u a l . ( S e e  Ap p e n d i x . )  

I n  t h e P i e r c y  h ome , t h e e x i s t i n g o i l b u r n e r  w a s r e p l a c e d  
w i t h  a n e w h i g h p r e s s u r e  b u r n e r  ( R i e l  l o  M 3 ) w i t h  a n  i n t e g r a l  
a i r s u p p l y d a m p e r a n d  d e l a y e d  a c t i o n s o l e n o i d  v a l v e .  A s  
r e c onrn e n d e d  b y  t h e ma n u f a c t u r e r , t h e n o z z l e s i z e o f  t h e n ew 
b u r n e r  wa s 1 5  p e r c e n t s ma l l e r t h a n  t h a t  o f  t h e r e p l a c e d  
b u r n e r  t o  a c c o u n t  f o r  t h e i n c r e a s e d o i l p r e s s u r e  o f  t h e n ew 
b u r n e r . Th e t w o  e x i s t i n g h i g h p r e s s u r e  b u r n e r s a t  t h e 
L o s i e r h ome a r e  a l s o M 3  R i e l  l o  b u r n e r s . 

Fo u r  t e s t s  w e r e  pe r f o r m e d  o n  t h e s e  h o u s e s u s i n g  a DN y e r ma n 
om e t e r , a c a n d l e t o  i n d i c a t e  s p i l l a g e  a t  a 6mr1 h o l e  i n  t h e 
f l u e p i p e ,  a n d  t h e d o o r f a n  t o  c r e n t e  h o u s e  d e p r e s s u r i z a t i o n .  

1 .  Co l d  f l u e s p i l l a g e  

- T o  w h a t h o u s e  d e p r e s s u r i z a t i o n c o u l d  t h e o f f - c y c l e f l u e 
p i p e  r e s i s t  s p i l l a g e  o f  f l u e g a s i n t o  t h e r o om a i r ? 

- I f  t h f' h o u s e  h n s t wo o i l a p p l i a n c e s  ( L0 s i E' r h o u s e ) ,  h o w  
d o c s o n e  a p p l i a n c e  a f f e c t  t h e o t h e r ?  

2 .  Ho t f l u e s p i l l a g e  

- H o w  m u c h  w o u l d  h e a t i n g t h e f l u e ( b y o p e r a t i n g t h e b u r n e r  
w i t h  o i l f l ow )  i m p r o v e t h e d r a f t ?  

3 .  Ma x i m um h o u s e  d e p r e s s u r i z a t i o n a g a i n s t  wh i c h n o rma l 
b u r n e r  o p e r a t i o n c o u l d r e - e s t a b l i s h u pwa r d  f l ow .  

- W h e t i s  t h e ma x i m um h o u s e  d e p r e s s u r i z a t i o n t h a t  t h e 
b u r n e r  f a n  c a n  o v e r c ome a t  s t a r t - u p ?  ( t e s t e d p o s t 
r e t  r o f  i t  o n  P i e r c y  h o u s e  o n l y )  

4 .  H o u s e  d e p r e s s u r i z a t i o n b y  t h e u s e  o f  h o u s e f a n s  o n l y  

- To w h a t l e v e l s  o f  d e p r e s s u r i z a t i o n c a n t h e e x h a u s t 
a p p l i a n c e s  b r i n g t h e h o u s e ?  ( c l o t h e s  d r y e r  a n d  a i r - t o 
a i r e x c h a n g e r s  t e s t e d u n d e r  wo r s t  c a s e c o n d i t i o n s ) 
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4 .  RESULTS 

... 

T h e r e  i s  a d i s t i n c t i o n t o  b e  ma d e  b e t w e e n  r em e d i a l  me a s u r e s 
t h a t  a d d r e s s  b a c k d r a f t i n g a n d  t h o s e  t h a t  d e a l w i t h  s p i l l a g e . 
A t  t i me s , t h e s e  me a s u r e s  c a n b e  c o u n t e r p r o d u c t i v e .  A h i g h 
c a p a c i t y  b u r n e r  f a n  w i l l  b e  mo r e  a p t  t o  r e v e r s e  a n  i n i t i a l  
ba c k d r a f t , b u t  w i l l  a l s o p r o v o k e mo r e  c om b u s t i o n g a s 
s p i l l a g e  o u t  t h e o b s e r v a t i o n p o r t o r  b a r om e t r i c d am p e r  o f  a 
c o n v e n t i o n a l f u r n a c e . 

E f f e c t i v e n e s s o f  t h e r em e d i a l  me a s u r e s  ma y a l s o b e  s om e w h a t 
o b s c u r e d b y  t h e w e a l t h  o f  d a t a . On t e s t i n g a d e l a y e d  a c t i o n 
s o l e n o i d v a l v e a s  a r em e d i a l  me a s u r e ,  t h e t i me l a g o f  t h e 
d e v i c e  c a n  b e  a c c u r a t e l y  e s t a b l i s h e d . T h e  t e s t s  u n d e r t a k e n  
w e r e  d e s i g n e d  t o  s h ow i f  s u c h  a t i me d e l a y wo u l d  p e r m i t 
v a r i o u s  b u r n e r  f a n s  t o  e s t a b l i s h a n  u p d r a f t  u n d e r  a d v e r s e  
c o n d i t i o n s . T h e  r e s u l t s  o f  t h e s e  t e s t s  a r e  u n i q u e  t o  t h e 
e q u i pm e n t  u s e d  a n d  w e a t h e r  c o n d i t i o n s  a t  t h e t i m e o f  
t e s t i n g .  T h e  u n i v e r s a l i t y o f  t h e me a s u r e s c a n  b e  i n f e r r e d 
f r om t h e d a t a  b u t  t h e r e i s  a d e g r e e  o f  u n c e r t a i n t y  i n v o l v e d . 

T h e  ba c k d r a f t  t e s t  s h o w s  t h a t  t h e b u r n e r  f a n  i s  c a p a b l e o f  
r e v e r s i n g c h i mn e y  f l ows a t  u p  t o  6 0  P a  n e g a t i v e p r e s s u r e , 
mo r e  t h a n  a n y  l i k e l y  h o u s e  d e p r e s s u r i z a t i o n .  T h e  f l ow 
r e v e r s a l h a p p e n s  i n  l e s s  t h a n  1 / 2  s e c o n d , w e l l  w i t h i n t h e 8 
t o  1 2  s e c o n d  d e l a y o f  a s o l e n o i d v a l v e .  ( S e e  Ap p e n d i x  4 f o r  
d e t a i l e d d a t a . )  

T h e  c h i mn e y  f l ow v e l o c i t i e s u n d e r  i n c r e a s i n g d e p r e s s u r i z a t i o n 
a r e  c h a r t e d i n  F i g u r e  3 .  

T h e  b u r n e r  f a n  e a s i l y c r e a t e s p o s i t i v e f l ow u p  t o  3 0  Pa , a n d  
m a r g i n a l l y  f r om 3 0  t o  6 0  Pa , b e f o r e t h e c h i m n e y  f l ow 
r e v e r s e s . T h e  r a t e  o f  i n c r e a s e  o f  d o o r  f a n  f l o w d u r i n g 
t e s t i n g ma y h a v e  a f f e c t e d t h i s  p o i n t  o f  f l o w s t a l l i n g . 

N o t e  t h a t  t h e s e  t w o t e s t s  w e r e  ma d e  w i t h  a 1 . 2 5 U SG P H  
c o n v e n t i o n a l b u r n e r  o n l y .  R e s u l t s  f o r  o t h e r  b u r n e r  t y p e s  o r  
n o z z l e s i z e s  c a n o n l y  b e  i n f e r r e d . I n  o n e  c a s e ,  a 0 . 6 5 
USGPH h i g h p r e s s u r e  b u r n e r w i t h  o i l  f l ow c l e a r l y  w a s u n a b l e 
t o  s t a r t a t  a n e g a t i v e p r e s s u r e  o f  o n l y  1 5  Pa . ( P i e r c y  
h o u s e , p o s t - r e t r o f i t ) .  F l ow d i r e c t i o n wa s n o t  me a s u r e d i n  
t h i s l a t t e r c a s e , b u t f a i l u r e  o f  t h e t h e c omb u s t i o n p r o c e s s  
ma y o c c u r  w e l l  b e f o r e  a c t u a l  c h i mn e y  f l ow r e v e r s a l  d u e t o  
c h a n g e s  i n  t h e o i l / a i r m i x .  

T h e  f a n  c h a r a c t e r i s t i c  t e s t i n g s h ow n i n  F i g u r e  4 i s  t a k e n  
f r om d a t a  i n  Ap p e n d i x  4 .  I n  t h e s e t e s t s ,  t h e b u r n e r  f a n s  
c r e a t e d s t a t i c  p r e s s u r e s i n  t h e b l o c k e d  f l u e p i p e ,  me a s u r e d 
a t  P o i n t B .  T h e  c o n v e n t i o n a l  b u r n e r  e v e n t u a l l y  p r o d u c e d  
o n l y  1 0  Pa a t  P o i n t B ,  c om p a r e d t o  1 5 - 2 0  Pa f o r t h e 0 . 9 5 
USGPH n o z z l e o r  t h e d r a f t  i n d u c e r  a c t i n g a l o n e . W h e n  t h e 
d r a f t i n d u c e r a c t e d t o g e t h e r  w i t h  e i t h e r  b u r n e r  f a n , r o u g h l y  
3 0  Pa o f  p r e s s u r e  wa s p r o d u c e d  i n  t h e f l u e p i p e .  T h e  
s t a n d a r d  0 . 6 0 USGPH R i e l  l o  b u r n e r  f a n  p r o d u c e d  o n l y 4 Pa . 
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The s a me b u r n e r  f a n  w i t h  a 0 . 9 5 USGPH no z z l e p r o d u c e d  o v e r  
t h r e e  t i m e s  t h e p r e s s u r e  a n d  i t  c a n  b e  i n f e r r e d t h a t  t h e 
a b i l i t y o f  t h e bu r n e r  f a n  t o  r e v e r s e  ba c kd r a f t  wo u l d  be  v e r y  
d e p e n d e n t o n  no z z l e s i z e .  T h e  c omb u s t i o n a i r  s u p p l y i s  
a d j u s t e d a c c o r d i n g t o  t h e n o z z l e s i z e ,  ( mo r e  o i l ,  mo r e  a i r ) ,  
i n d i c a t i n g t h a t  t h e f a n ' s  a b i l i t y t o  d e v e l o p p r e s s u r e  i s  
d e p e n d e n t o n  t h e a i r s u p p l y .  

Ta b l e 1 s h o ws  how t h e p r e s s u r e  c h a r a c t e r i s t i � s a r e  a f f e c t e d 
by t h e l e a k i n e s s  o f  t h e f l u e p i pe .  W i t h  t h e f l u e  p i p e 
b l o c k e d  a t  t h e c h i mn e y , 1 9  Pa o f  s t a t i c  p r e s s u r e  i s  
d e v e l o p e d . S e a l i n g t h e d amp e r , j o i n t s , a n d  o b s e r v a t i o n h o l e s 
t·r i p l e s t h i s p r e s s u r i za t i o n t o  5 6  Pa . 

S p i l l a ge  g e n e r a l l y o c u r s  a t  mu c h  l ow e r l e v e l s  o f  d e p r e s s u r 
i za t i o n ,  a n d  r e s u l t s  f l u c t ua t e  co n s i d e r a b l y d u e t o  c h a n g e s  i n  

w i n d , e x t e r i o r t emp e r a t u r e , c h i mn e y  t em p e r a t u r e  a n d  
me a s u r emen t l o ca t i o n .  Re s u l t s  a r e  s hown i n  Ta b l e 2 ( a n d  i n  
Ap p e n d i x 4 ) .  T h e  f o l l ow i n g  g e n e r a l i t i e s c a n  b e  e x t r a c t e d :  

1 .  T h e  e f f e c t  o f  t h e bu r n e r  f a n  i s  v a r i a b l e .  A t  
me a s u r eme n t  Po i n t B ,  w h e n  t h e b u r n e r  f a n  i s  a c t i va t e d ,  
t h e n o w p r e s s u r i z e d  f l u e p i pe w i l l  s p i l l  a t  a l ow e r  
d e p r e s s u r i z a t i o n t h a n  w i t h  n o  f a n s . A t  P o i n t s  A a n d  C ,  
s p i l l a g e  w i t h  t h e f a n  i s  a t  h i g h e r  d e p r e s s u r i z a t i o n s  
w i t h  a h o t  f l u e .  A p o s s i b l e  e x p l a n a t i o n i s  t h a t , i n  
t h e " Ho t "  t e s t s , t h e bo i l e r  wa t e r a n d  b o i l e r 
h e a t c h a n g e r  i s  ho t . T h e  f a n  f l ow c a r r i e s t h i s h e a t t o  
t h e c h i mn e y , c r e a t i n g a d d i t i o n a l d r a f t . 

2 .  T h e  d r a f t  i n d u c e r  p r e v e n t s  s p i l l a g e  u p s t r e am ( e g .  
Po i n t s  A a n d  C )  a t  r o om d e p r e s s u r i z a t i o n s  o f  2 0  Pa a n d  
mo r e .  Dow n s t r e am t ow a r d s t h e c h i mn e y , w h e r e  i t  
p r e s s u r i z e s  t h e  f l u e p i p e ,  s p i l l a g e  i s  a p t  t o  o c c u r  a t  
u n d e r  8 Pa r o om d e p r e s s u r i z a t i o n w h e n  t h e f l u e  i s  c o l d ,  
a n d  a b o u t  1 0 - 1 9  Pa w h e n  ho t . 

Fo r t h e d am p e r l e s s , i n s u l a t e d f l u e w i t h  a h i g h p r e s s u r e  
bu r n e r , t h e r e s u l t s  a r e  a l s o a f f e c t e d t o  a l a r g e d e g r e e  b y  
t h e w e a t h e r  c o n d i t i o n s  d u r i n g t e s t i n g .  I n  Ta b l e 3 a n d  
Ap p e n d i x 5 ,  n o  co l d  f l u e i mp r o v eme n t  i s  s e e n  i n  t h e L o s i e r 
h o u s e , b u t  t h e p r e - r e t r o f i t  t e s t i n g c o n d i t i o n s  w e r e  m u c h  
mo r e  co n d u c i v e t o  g o o d  d r a f t . W i t h  a h o t  f l u e ,  r e s u l t s  a r e  
t o o v a r i a b l e f o r  a n y  co n c l u s i o n s . H i g h  w i n d s  d u r i n g t e s t i n g 
a r e  b l ame d . 

The P i e r c y  h o u s e  s h owe d  a n  o f f - c y c l e d r a f t  i n c r e a s e  f r om 2. 
t o  6 Pa w i t h  t h e r e t r o f i t ,  a n d  f r om 8 t o  1 5  Pa o n  t h e h o t  
f l u e .  No t e  t h a t  t h e s e  h o u s e s  c a n be d e p r e s s u r i z e d  b y  t h e i r 
own f a n s  t o  7 . 5  a n d 5 . 6  P a  r e s p e c t i v e l y  ( s e e Ap p e n d i x 5 ) . 
Th i s  s h ows t ha t  t h e ma r g i n o f  s a f e t y i n  p r e v e n t i n g c o l d  f l u e 
ba c k d r a f t  i s  m i n i ma l . 

The ma x i m um P i e r c y  ho u s e  d e p r e s s u r i z a t i o n a g a i n s t  wh i c h 
d r a f t  c o u l d  b e  r e - e s t a b l i s h e d  ( a ga i n s t  i n i t i a l  ba c k d r a f t ) 

1 3  

� 



wa s 8 - 1 0  Pa u s i ng t h e bu r n e r  f a n  o n l y ,  a n d 1 3 - 1 5 Pa w i t h  
b o t h  b u r n e r a n d  b u r n e r  f a n  a c t i v a t ed .  Th e s e  r e s u l t s  a r e  f o r  
t h e po s t - r e t r o f i t  c a s e  o n l y .  No da t a  i s  a v a i l a b l e f o r  t h e 
p r e - r e t r o f i t  s y s t ems . 

F i gu r e  3 - E f f e c t  o f  De p r es s ur i za t i o n o n  F l ue P i pe F l ows 

The Effect of House Depresaurization on 
on Velocity of Flow in Fk.le Pipe 
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F i g u r e  4 - Mea s u r e d  Fan a n d  Sys t em  Cha r a c t e r i s t i c s 
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H i g h  P r e s s u re B u rn er F a n  0 .60  N o z z l e (!) 

H i g h  P re s s u re B u rn e r  Fan 0.  95  N o z z l e  o 

Con ve n t i o n a l  B u rn e r F a n  1 . 25  N oz z l e  o 

D r a ft I n d u cer w i t h  C o n ve n t i o n a l  B u rn er ( o ff) + 
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TABLE 1 COMBUST I ON PATii LEAKS 

Co n d i t i o n :  

F l u e p i pe b l o c k e d  j u s t  b e f o r e 
e n t e r i n g me t a l  c h i mn e y  

As a b o v e . A l l j o i n t s  a n d  ba r ome t r i c  
d amp e r  s e a l e d  w i t h  d u c t  t a p e . 

F l u e  p i p e r emo v e d  f r om bo i l e r  
a n d  o u t l e t s e a l e d .  

.. 

1 6  

S t a t i c  p r e s s u r e  d e v e l o p e d  
b y  o i 1 b u r n e r ( n o  o i 1 f 1 ow ) 

Pa 

1 9  

5 6  

7 0  
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TABLE 2 RES I STANCE OF OPERATING SYSTm.t TO DEPRESSUR I ZATION 

Pr e s s u r e  a t  Wh i c h Sp i l l a ge wa s Obs e r v e d  ( t o n ea r e s t Pa ) 

O b s e r v a t i o n 
P o i n t 

Co n v e n t i o n a l B u r n e r  H i g h  E f f i c i e n c y  B u r n e r  

S p i l l a ge  a t  Pa 

Co n d i t i o n 1 :  No f a n s  
______ ....,. _ _  -

P o i n t A 
B 
c 

Co n d i t i o n 2 :  
- - - - - - - - - -

Po i n t  A 
B 
c 

Co n d i t i o n 3 :  
- - - - - -· - -- -

Po i n t A 
B 
c 

Co n d i t i o n 4 :  
-· -------

Po i A 
B 
c 

c o l d  

3 
2 
3 

h o t  

4 
5 
5 

B u r n e r  f a n  o n l y  

0 9 
1 6 
0 1 3  

I n d u c e d  d r a f t  f a n  o n l y  

2 8  2 5  
8 1 0  

2 4  3 3  

Bo t h  f a n s  o n  

1 7  2 0  
5 1 4  

1 5  2 6  

S p i l l a g e  a t  Pa  

c o l d  

6 
3 
6 

2 
1 
2 

2 4  
3 

2 9  

1 8  
1 

2 4  

T h e  r e s u l t s  a r e  a v e r a g e s  o f  t wo t e s t s o n  t wo d i f f e r e n t  d a y s . S e e  
i n d i v i d u a l t e s t s h e e t s  i n  Ap p e n d i x  B f o r  s pe c i f i c  t e s t  da t a  a n d  
w e a t h e r  d a t a . 

1 7  

h o t  

6 
6 
7 

9 
5 

1 4  

3 0  
1 2  
3 7  

2 2  
1 3  
2 6  



.., 

TABLE 3 FIELD TESTS OF THE DAMPER.LESS , INSULATED FLUE 
WITII HIGH PRESSURE BORNER 

De p r e s s u r i za t i o n s  Me a s u r e d 
T h a t C r e a t e d Sp i l l a ge ( Pa )  

Ap p l i a n c e Co l d  F l u e  P r e - h e a t e d F l u e < 2 >  

C h e c k e d  App l i a n c e 
f o r  Bu r n e r  FT � 

Ho u s e  S p i l l a g e  ( ON / OFF ) ) 
P o s t -

Be f o r e Re t r o f i t  Be f o r e 
Po s t 

Re t r o f i t ( 3 ) 
- -·- - - - - - -· - - ----------

L o s i e � < 4 > F u r n a c e  OFF 

DHW OFF 

F u r n a c e  ON 
DHW OF F 

F u r n a c e  OFF 
DHW ON 

F u r n a c e  ON 
DHW ON 

P i e r c y Bo i l e r  OFF 

Bo i 1 e r  OFF 

Bo i l e r ON 

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

5 5 ( 5 )  

5 5 ( 5 )  

2 6 

5 
4 

1 3  
7 

9 
7 

8 ( 5 )  

9 ( 5 ) 

( 1 )  Th e s e  t e s t s  we r e  r u n w i t h  o i l f l ow t o  t h e b u r n e r s 
d i s c o n n e c t e d ,  s o  t h a t  t h e b u r n e r  f a n  a c t i va t e d w i t h o u t  t h e 
b u r n e r  f i r i n g .  Th i s  wa s do n e  t o  l i m i t t h e t r a n s i e n t  d r a f t  
d i f f e r e n c e s  d u e t o  f l u e h e a t i n g ,  wh i c h wo u l d r e qu i r e  
s i gn i f i ca n t  d e l a y s  i n  me a s u r emen t ,  u n t i l  s t e a d y s t a t e  
c o n d i t i o n s  w e r e  r e a c h e d . 

( 2 )  T h i s  i s  a h o t f l u e ,  p r e h e a t e d f o r  t h i s  t e s t .  

( 3 ) F o r  we a t h e r  d a t a  s e e App e n d i c e s  5 a n d 6 .  P o s t - r e t r o f i t 
t e s t i n g w a s c o n d u c t e d i n  wa r me r wea t h e r , w i t h  l ow e r  w i n d  
s p e e d s . 

( 4 )  The Lo s i e r ho u s e  h a s t w o  a p p l i a n c e s  co n n e c t e d t o  t he s ame 
f l u e . T h e  t e s t s we r e  d o n e  i n  pa i r s f o r  e a c h  c a s e . 

1 
8 

1 9  
1 5  

3 
6 

1 5 

1 4  

( 5 ) Es t i ma t e s o n l y ,  ba s e d o n  S o l s e a r c h " S p i l l a g e "  da t a  i n c r e a s e s . 
( S e e  Ap p e n d i x  5 . )  

1 8  
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5 .  OONCLUS I ONS 

Th e t e s t s d em o n s t r a t e d t h a t  t h e r em e d i a l m e a s u r e s s u g g e s t e d 
f o r  o i l f u r n a c e s  s e em t o  b e  s u i t a b l e wa y s  t o  m i n i m i z e  
comb u s t i o n g a s s p i l l a g e , ba s e d o n  t h i s l i m i t e d  f i e l d  
t e s t i n g .  

T h e  i n d u c e d  d r a f t  f a n , e s p e c i a l l y  i f  u s e d  i n  c o n j u n c t i o n 
w i t h  a s o l e n o i d d e l a y  o n  t h e b u r n e r , c a n  r e v e r s e  b a c k d r a f t s 
a n d  m i n i m i z e  s p i l l a g e  u n d e r  a n y  l i k e l y  h o u s e  d e p r e s s u r -
i z a t i o n .  D o w n s t r e am o f  t h e f a n  t h e r e ma y b e  s om e  s t a r t - u p  
s p i l l a g e  i n  f l u e p i p e j o i n t s , u n l e s s  t h e s e a r e  p r o p e r l y  
s e a l e d .  T h e r e wa s n o  i n v e s t i g a t i o n o f  t h e e f f e c t  o f  t h e f a n  
o n  f u r n a c e / b o i l e r b u r n e r  p e r f o r ma n c e . 

T h e  d e l a y e d  a c t i o n s o l e n o i d g i v e s  s u f f i c i e n t  t i m e  f o r  t h e 
b u r n e r  f a n  t o  r e v e r s e  a r.  i n i t i a l ba c k d r a f t . I t  d o e s  n o t 
p r e v e n t s p i 1 1 a g e f r om t h e  u n i n t e n  t i o n a 1 o r i n t e n t i o n a l h o  1 e s  
( e g . d a m p e r p e r i m e t e r ) ,  a l t h o u g h  b y  b e t t e r  e s t a b l i s h i n g 
p r o p e r  f l ow i n  t h e c h i mn e y � i t  ma y r e d u c e  t h e d u r a t i o n o f  
s p i l l a g e . B y  a t h o r o u g h  s e a l i n g  o f  t h e f l u e p i p e a n d  a l l 
c o n n e c t i o n s , t h i s s p i l l a g e  w i l l  b e  f u r t h e r  r e d u c e d . 

T h e  d a m p e r l e s s , i n s u l a t e d  f l u e a n d  h i g h p r e s s u r e  b u r n e r  d o e s  
c r e a t e  a n  i m p r o v e d  c h i m n e y  d r a f t  a n d  f e w e r h o l e s  f o r  f l u e  
g a s s p i l l a g E'  t o  o c c u r . T h e  ma r g i n o f  i mp r o v em e n t i s  n o t a .s  
g r e a t  a s  w i t h  t h e i n d u c e d  d r a f t  f a n  a n d  t h e c o s t o f  t h i s  
r e t r o f i t  i s  q u i t e h i g h . I t  s e em s t o  b e  a g o o d  o p t i o n f o r 
h ome o wn e r s  w i t h  a f u r n a C' e / b o i l e r i n  g o o d  c o n d i t i o n a n d  a 
c h i m n e y  i n  n e e d  o f  r e p a i r  ( o r  s u f f e r i n g f r om c o n d e n s a t i o n 
p r o b l em s ) . 
W h  i 1 e t h e s  e r eme d i a I m e a s  u r e s d o  r e d  u c f'  t h e  r a n g e  0 f h o u s e  
c o n d i t i o n s  u n d e r  w h i c h s p i l l a g e  w i l l  o c c u r , t h e e f f e c t  o f  t h e 
me a s u r e s o n  s p i l l a g e  d u r a t i o n i s  u n k n o w n . I f  f u r t h e r  
r e s e a r c h s h ow s t h a t e \. e n s h o r t t e r m  s p i 1 l a g e o f o i l - f i r e d 
a p p l i a n c e .s c a n s e r i o u s l y d e g r a d e i n d o o r a i r q u i1 l i t y , s p i 1 l a g e 
d u r a t i o n i n v e s t i g a t i o n s  m u s t t a l.; e p l a c e . 
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GLOS SARY 

Ba r om e t r i c  D a m p e r  i s a n  a i r  c h e c k  v a l v e l o c a t e d o n  t h e f l u e p i p e 
b e t w e e n  t h e f u r n a c e / b o i l e r a n d  t h e ma s o n r y  f l u e .  T h e  b a r ome t r i c 
d a m p e r i s  u s u a l l y  o f  t h e  s a m e  d i ame t e r  a s  t h e f l u e p i p e a n d  w i l l  
o n l y  l e t a i r  i n t o  t h e f l u e .  T h e  d a m p e r  i s  w e i g h t e d w i t h  a n  
a d j u s t a b l e w e i g h t > s e t  t o  a l l ow t h e d a mp e r t o  o p e n  i f  t h e c h i mn e y  
d r a f t  e x c e e d s  a c e r t a i n  p o s i t i v e n u m b e r . T h e e f f e c t  o f  t h e 
d a m p e r i s  t o  r e d u c e  t h e e f f e c t  o f  d r a f t  v a r i a t i o n s  a t  t h e 
c om b u s t i o n c h a m b e r . T h e  b a r o m e t r i c  d a m p e r  h a s  n o  s e a l s  a n d i s  
n o t  a i r t i g h t . D u e  t o  i t s l o c a t i o n n e a r  c o r r o s i v e g a s e s , t h e 
d am p e r  f r e q u e n t l y  d o e s  n o t  o p e r a t e  p r o p e r l y .  A l t h o u g h b a r ome t r i c  
d a m p e r s  a r e r e q u i r e d b y  c o d e , h i g h p r e s s u r e  b u r n e r s  a r e  o f t e n 
i n s t a l l e d w i t h  d amp e r l e s s , i n s u l a t e d c h i mn e y s . 

Ba c k d r a f t  o c c u r s  wh e n  t h e f l ow o f  t h e comb u s t i o n g a s e s i s  b l o c k e d  
o r  r e v e r s e d f r om t h e u s u a l d i r e c t i o n u p  t h e c h i mn e y . B a c k -
d r a f t i n g u s u a l l y  o c c u r s w h e n  t h e b u r n e r  i s  o f f . I f  b a c k d r a f t i n g 
o c c u r s  w i t h  t h e b u r n e r o n , a l l  t h e c om b u s t i o n p r o d u c t s  w i l l  v e n t  
i n t o  t h e h o u s e  t h r o u g h  a i r  s u p p l y p o r t s , t h e b a r om e t r i c  d a m p e r 
a n d  o t h e r  c om b u s t i o n p a t h  h o l e s . 

C o l d  F l u e  i s  a f l u e t h a t  h a s n o t b e e n u s e d o v e r n i g h t  a n d  h a s 
r e a c h e d  a m i n i m u m  s t e a d y  s t a t e  t e m p e r a t u r e . T h e  a c t u a l  f l u e  
t e m p e r a t u r e  w a s n o t m e a s u r e d . S i n c e t h e f l u e i s  a n  i n s u l a t e d  

m e t a l  a s b e s t o s f l u e ,  t h e r e  i s  l i t t l e  t h e r ma l m a s s . 

C r  o s s - o v e r i s t h e " s t a l l p o i n t " b e t w e e n p o s i t i \' e a n d n e g a t i \' e 

d r a f t . w h e n s om e  s m o k e  s p i l l s o u t  o r  p u l s e s  i n  a n d  o u t  o f  t h e 
i n ;; p e c t i 0 n h o l e , b u t d i r e c t i o n i s  n o t d e f i n i t e l y  e s t a h l i s h e d . 

D u  r i n g t e s  t i n g , t h c• d e  t c r m  i n a t i o n  o f t h e  c r o s s - o \' e r  p <' i n t w 11 s a 
" j u d g e m e n t c a l l " o n  t h e p a r t  o f  t h e t e s t e r , s i n c e  t h e· b e g i n n i n g 
0 f t h e s p i l l a g e p r o c e s s w a s d e t e r m i n f' d \' i s u fl I J y b y R s l i g h t 
f l u t t e r i n g o f  t h e c a n d l e f l a m e . F o r t h i s s e r i e s o f  t e s t s . t ' , e  
t e s t e r e s t i ma t e d t h e p o i n t a t  wh i c h t h e f l ow f l u c t u a t e d b e t'.' · n  
e q u 11 l p e r· i o d s o f i n t a I.: e a n d e x h D u s t t h r o u g h t h e i n s p e c t i o n p o  1 

D r a f t  i s  t h e p r e s s u r e  d i f f e r e n t i a l  m e a s u r e d i n  P a  b e t w e e n  t h e 
f u r n a c e r o o m a n d  t h e i n t e r i o r o f  t h e f l u e p i p e . T h (:- d r a f t  i s  
u s u a l l y p o s i t i v e d u e  t o  c h i mn e y  e f f e c t  a n d  w i l l e x h a u s t a i r  f r om 
t h e f u r n a c e  r o o m t o  t h e o u t s i d e .  T h e  d r a f t  m a y b e c o m e  n e g a t i \· e 
i f , f o r i n s t a n c e , t h e f u r n a c e r o om i s u n d e r n e g a t i \' e p r e s s u r e 
r e l a t i v e t o  t h e e x t e r i o r , d u e  t o  c om p e t i n g e x h a u s t  a p p l i a n c e s . I n  
t h i s c a s e , g a s e s  f r om t h e i n t e r i o r o f  t h e c om b u s t i o n s y s t em ma y 
s p i  1 1 i n t o  t h e f u r n a c e r o om .  

H o t F l u e  i s  a f l u e t h a t  h a s r e a c h e d  m a x i m u m s t e a d y  s t a t e 
t e m p e r a t u r e  b y  f i r i n g t h e b u r n e r  f o r  a m i n i m u m  o f  1 5  m i n u t e s 
p r i o r t o  t e s t s .  

N e g a t i v e P r e s s u r e  i s  e s t a b l i s h e d  w h e n  e x h a u s t a p p l i a n c e s  i n  a 
t i g h t  h om e  c a u s e  t h e i n t e r i o r h o u s e  p r e s s u r e  t o  b e  n e g a t i v e 
r e l a t i v e t o  t h e o u t s i d e p r e s s u r e .  

2 0  
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P u f f i n g i s  t e m p o r a r y  f l o w r e v e r s a l o r  b u r s t s  o f  s p i  1 l a g e  
o c c u r r i n g d u r i n g i g n i t i o n a t  a p p l i a n c e s t a r t - u p .  

S p  i I l a g  e i s t h e  f l ow o f f l u e g a s e s  f r om b u r  n e r  , b o i l e r  a n d f l u e 
i n t o  t h e i n t e r i o r o f  t h e h o u s e . T h e  f l ow w a s v i s u a l l y  d e t e c t e d 
w i t h  a c a n d l e  o r  smo k e  p e n c i l .  Fo r t h e f i e l d  t r i a l s ,  t h e t e s t e r  
wa i t e d f o r  a d e f i n i t e e x h a u s t o f  t h e ga s e s ( a s o p p o s e d  t o  c r o s s 
o v e r ) w h e n  d e t e r m i n i n g t h e s p i l l a g e  po i n t . 

2 ]  
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APPEND I X  1 :  

OPERAT I ON OF A TYP I CAL O I L - F I RED FURNACE 

T h e s t a r t - u p  s e q u e n c e b e g i n s w h e n  t h e c o n t r o l l e r p r o v i d e s 
e l e c t r i c a l  powe r t o  t h e b l ow e r  f a n  a n d  t r a n s f o r m e r . Th e o i l p u m p  
i s  d r i v e n  b y  t h e s a m e  m o t o r a s  t h e f a n ;  c o n s e q u e n t l y ,  o i  1 
p r e s s u r e  b u i l d s s i m u l t a n e o u s l y  w i t h  a i r  p r e s s u r e . I f  a s o l e n o i d 
v a l v e i s  i n s t a l l e d ,  o i l f l o w t o  t h e n o z z l e i s  d e l a y e d , a l l o w i n g  
t h e f a n  a n d  p u m p  t o  d e v e l o p ma x i m um r pm .  C om b u s t i o n a i r  i s  d r aw n  
i n  t h r o u g h  a n  a d j u s t a b l e p o r t  o n  t h e b u r n e r a n d  t h e a i r i s  m i x e d  
w i t h  t h e o i l ,  wh i c h i s  v a p o r i z e d  a t  t h e n o z z l e .  Wh e n  t h e m i x t u r e  
i s  f i r s t  i g n i t e d b y  t h e e l e c t r o d e s , t h e f o r c e  o f  t h e i g n i t i o n 
f o r c e s  t h e ba r om e t r i c  d am p e r s h u t . O f t e n a p u f f  o f  s m o k e  e n t e r s  
t h e r o om v i a  v a r i o u s  l e a k a g e  p o i n t s  i n  t h e c om b u s t i o n p a t h . 

D u r i n g t h e f i r s t  f e w m i n u t e s o f  o p e r a t i o n t h e c o m b u s t i o n ma y b e  
u n s t e a d y  a n d  t h e d r a f t  n o t  w e l l  e s t a b l i s h e d . T h i s  w i l l  ma n i f e s t 
i t s e l f w i t h  a c l o s e d b a r om e t r i c  d a m p e r a n d  p u f f s o f  e x h a u s t  
em e r g i n g t h r o u g h l e a l\ s . S i m u l t a n e o u s l y ,  h ow e v e r , t h e o i l b u r n e r  
f a n  i s e x  h a  u s  t i n g a i r f r  om t h e f u r n a c e  r o om , w h i  c h  i s r e p l a c e d  
w i t h  a i r  f r om e l s e w h e r e  i n  t h e h o u s e ; i n  e f f e c t , p u r g i n g t h (:• 
r o om .  A s  t h e c h i m n e y i s  h e a t e d b y  t h e f l u e g a s e s , t h e d r a f t  
i m p r o v e s  a n d  t h e b a r om e t r i c d a m p e r  o p e n s , e x h a u s t i n g a d d i t i o n a l 
a i r f r om t h e h o u s e . 

A f t e r s e \' e r a l m i  n u t e s o f o p e r a t i o n  t h E· c h  i m n e y d r a f t m A y d e \' e l o p  
1 0  t o 3 0  P a , w h i l e  n e g a t i v e p r e s s u r e s g e n e r a t e d b y  c om p e t i n g 
e x h a u s t a p p l i a n c e ::;  w i t h i n  t h e h o u s e  m i g h t r a n g e  f r o m � t o  7 P a . 
W h e i l  t h e b u r n e r  s t o p s  a f t e r a 5 t o  2 0  m i n u t e c: y c l e ,  t h e c h i m n e :·.'  
i s  s t i l l  wn r m  a n d  a i r w i l l  c o n t i n u P  t o  t.H' e x h a u s t e d f r om t h e r o 0m 
t h r o u g h  t h e b a r o m e t r i c d a m p e r  u n d  o i l b u r n e r a i r p o r t s , u n l e s s  
t h e b u r n e r  i s  o f  t h r h i g h p r e s s u r e  t y µ e . H i g h  p r e s s u r e:· t y p e  
b u r n e r s  a r e  s o m e t i m e s  i n s t a l l e d w i t h o u t  b a r 0 m e t r i c d a m p e r s  a n d  
t h E' m c• d e l t e s t e d h a s a b u i l t - i n d a m p e r· o n  t h e a i r  s u p p l y . w h i c h 
c l o s e s  a u t om a t i c a l l y  w l 1 e n  t h e b u r n e r  i s  n o t  o p e r a t i n g . 

T h e  .:. p i c a )  o i l - f i r e d f u r n a c e s y s t e:r1 i s  d e s i g n e d t o  o p e r a t e w i t h  
a p o s i t i v e c h i m n e y  d r a f t  ( u p d r a f t ) .  I f  p o s i t i v e d r a f t  i s  n o t  
p r e s e n t , s p i l l a g e  w i l l  o c c u r , b u t p o s i t i v e  f l ow u p  t h e c h i m n e y i s  
u s u a l l y ma i n t a i n e d . O n l y  u n d e r  u n u s u a l c i r c u m s t a n c e s , s u c h  a s  
f l u e b l o c l\ a g e � i s  c h i m n e y f l o w r e v e r s e d , i n  w h i c h c a s e  b l a c l.;  
s m0 I.; e w i l 1 p o  u r i n t o t h e f u r n a c e r o om . 
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APPENDIX 2 :  

SELECT I ON AND DES I GN OF S I X RadEDIAL MEASURES 

Ba s e d  o n  c o n s u l t a t i o n a n d  f e e d b a c k  f r om J o h n  Ha y s om ( S c a n a da ) a n d  
Ha r r y  W e s t , w e  co n s i d e r e d t h e r eme d i a l me a s u r e s f u r t h e r . 

T h e  l i s t  o f  r em e d i a l  m e a s u r e s i s  r e o r g a n i z e d  a s  f o l l o w s  t o  m o r e  
c l e a r l y  c o n n e c t  t h e r em e d i a l a c t i o n t o  t h e p r o b l em i t  i s  s u p po s e d 
t o  r e s o l v e . N o t e  t h a t  g r o u p  N o . 1 a r e  n o t r e a l l y  r e m e d i a l  
a c t i o n s , b u t d i a g n o s t i c  t o o l s w h i c h m a y o r  m a y n o t b e  i n v o k e d  
p r i o r t o  u n d e r t a k i n g o n e  o f  t h e r eme d i a l m e a s u r e s . 

1 .  A l a r m / C h e c k l i s t / Te s t 

2 . A i  r s u p  p 1 y t o f u r  n a c e r o om . F u r  n a c e  r o om s e a  1 e d f r om r e s t 
o f  h o u s e o r  s e a l e d a i r i n t a k e ( n o t , t o  o u r k n o w l e d g e , 
a v a i l a b l e o n  o i l - f i r e d u n i t s . )  

3 .  P r e p u r g e c y c l e / s o l e n o i d v a l v e .  

4 .  Ex h a u s t a p p l i a n c e p r i o r i z a t i o n .  

5 .  N e w  i n s u l a t e d f l u e / w i t h  o r  w i t h o u t b u r n e r  w i t h  d amp e r . 

6 .  D r a f t  i n d u c e r f a n . 

Co n s u l t a t i o n a n d  Re v i ew 

1 .  D i a g n o s t i c De v i c e s  

1 . 1  A l a r m s  O u r k n o w l e d g e  o f  t h i s  i t e rn i s  b a s e d s o l e l y  o n  t • , e  
w o r  k o f S h e  l t a  i r . I t i s n o  t a s o  l u t i o n  , b u  t ffi [l  y b e  u s  e ci s 
a d i a g n o s t i c  d e v i c e i f  c h i mn e y  f a i l u r e  i s  s u s p e c t e d . 

., 

I f  n o  o t h e r  c om p e t i n g s o u r c e s  o f  d u s t o r  s m o k e  e x i s t  n e a r 
t h e f u r n a c e , t h e n  a n  o r d i n a r y  s m o k e  a l a r m ma y w e l l  b e  t h e 
b e s t s o l u t i o n .  T h e  m o r e  e x p e n s i v e  CO d e t e c t o r e l i m i n a t e s 
s om e  f a l s e a l a r m s , s u c h  a s  a l a r ms c a u s e d  b y  d u s t . 

G u i d e l i n e s n e e d  t o  b e  d e v e l o p e d  a s  t o  t h e p r o p e r  l o c a t i o n o f  
a l a r ms . G u i d e l i n e s  s h o u l d  b e  s i m p l e  e n o u g h  t o  f o l l ow b y  a n  
o r d i n a r y  h o m e o w n e r  w h o  ma y c h o o s e t o  s p e n d  $ 1 0  t o  $ 3 0  o n  a 
s e l f - i n s t a l l e d d e t e c t o r p r i o r t o  c a l l i n g i n  a p r o f e s s i o n a l 
s e r v i c ema n . 

W e  n o t e  t h a t , i n  o u r  e x p e r i e n c e , f i r e  a l a r m s  a r e  f r e q u e n t l y  
d i s c o n n e c t e d i f  t h e y  a r e  s e e n  t o  g i v e " f a l s e " a l a r m s , s u c h  
a s  b e i n g s e t  o f f  b y  a t o a s t e r . I t  s h o u l d b e  m a d e  c l e a r  t o  
h o m e o w n e r s  t h a t  i f  t h e a l a r m s o u n d s o n c e , t h e n e x t s t e p  i s  
a c h e c k  b y  a q u a l i f i e d t e c h n i c i a n .  ( C h e c k l i s t ) 

1 

" 



1 . 2  C h e c k l i s t  T h e  c h e c k l i s t  wo u l d  b e  t h e n e x t  s t e p  i f  a n  a l a r m  
o r  o t h e r  e v i d e n c e  d i d  s h o w  t h e p r e s e n c e  o f  b a c k d r a f t  
p r o b 1 em s . W e h a  v e r e v i e w e d t h e c h e c k 1 i s t p r o p o  s e d b y  
S h e l t a i r  a n d  a g r e e  t h a t  t h i s  c h e c k l i s t s h o u l d  b e  a b l e  t o  b e  
p e r f o r m e d  b y  a t e c h n i c i a n w i t h o u t  s o p h i s t i c a t e d e q u i pm e n t 
s u c h  a s  a d o o r  f a n . O u r f i rm h a s  h a d s i m p l e  c h e c k l i s t s a n d  
t e s t s  w i t h  smo k e  p e n c i l s  i n  p r e v i o u s  ba c k d r a f t  m e a s u r em e n t s . 
I t  i s  o u r  o p i n i o n t h a t  a d d i t i o n a l e q u i p m e n t ,  s u c h  a s  

ma n om e t e r s a n d d o  o r f a n s , s e r v e s t o q u a n t i t a t e t h e  p r  o b l em s 
b u t d o e s  n o t  a s s i s t s i g n i f i c a n t l y  i n  d e t e r m i n i n g t h e n a t u r e  
o f  t h e p r o  b l  em s . 

1 . 3 Te s t W e  h a v e  p e r f o r me d t e s t s  w i t h  s e n s i t i v e ma n om e t e r s  a n d  
d o o r  f a n s t o  q u a n t i f y t h e n a t u r e  o f  b a c k d r a f t p r o b l e m s  a n d  
t h e s p i l l - o v e r  p o i n t s  f o r  v a r i o u s  c om p e t i n g a p p l i a n c e s . 
T h e s e i n s t r u me n t s  a r e  e x c e l l e n t  r e s e a r c h t o o l s , b u t  d o  n o t  
a d d s i g n i f i c a n t 1 y t o t h e d i a g n o s i s o f t h e p r o b 1 em s • T h  e 
t o o l s a r e  e x t r eme l y  s e n s i t i v e t o  v a r i a t i o n s  i n  t h e w e a t h e r . 

2 .  S e p a r a t e  A i r Su p p l y  

Ou r k n o w l e d g e  o f  t h i s s u b j e c t  i s  t h r o u g h  i n s t a l l i n g s e p a r a t e  a i r 
s u p p l i e s i n  f i v e p r o j e c t s  w h e r e  p r e v i o u s  a i r s e a l i n g r e s u l t e d i n  
b a c k d r a f t i n g ( a s  m e a s u r e d b y  S h e l t a i r ' s m e t h o d ) ,  d o c u m e n t s  
p r e s e n t e d i n  t h i s p r o j e c t , e n d  c o n v e r s a t i o n s w i t h  H a r r y  W e s t . 

Tw o me t h o d s  o f  p r o v i d i n g a s e p a r a t e a i r  s u p p l y a r e :  

2 • 1 S e  a l e d s u p p 1 y , a d i r e c t d u c t f r o m  t h e  e x t e r i o r d i r e c t l y 
c o n n e c t e d t o t h e b u r n e r • T h i s m e t h o d i s a \' a i 1 a b l e f o r 
c o n d e n s i n g g a s b o  i 1 e r s  b u t i s  n o t ,  t - o o u r  k n 0 w l  e d g e . 
a v a i l a b l e f o r  o i l b u r n e r s . T h e  t h e o r e t i c a l  a d v a n t a r: e i s  t h e 
t o t a 1 i s o 1 a t i o n f r om a n y c om p e t i n g a p p l i a n c e . D i s a d \' a n t a g e � 
ma y  i n c l u d e  a g r e a  t \' a r i a t  i o n i n t h e  t e:n p e r a t u r e o f t h e a i r 
s u p p l y .  

2 . 2  A i r s u p p l y t o  s e a l e d f u r n a c e  r o om .  T h e  a i r s u p p l y c a n b e  
( a ) a w i n d ow o r  o t h e r  d i r e c t o p e n  i n g o r  ( b ) a d u c t w i t h c o  l d 
a i r  l o c k  o r  m o t o r i z e d  d a m p e r . A 5 "  o r  6 "  d i am e t e r o p e n i n g 
p r e v e n t e d  b a c k d r a f t i n g a s  p e r  t h e S h e l t a i r  t e s t  i n  o u r  t e s t  
h o u s e s • N B C  h o w  e v e r r e q u i r e s 3 • 3 mm 2 I w a t t ( N B C  s e c • 

6 . 2 . 5 . 1 . ( 2 ) ) .  F o r  a t y p i c a l f u r n a c e w i t h  a 1 g a l l o n n o z z l e ,  
t h i s t r a n s l a t e s t o  1 5 0 s q .  i n c h e s , s u b s t a n t i a l l y b i g g e r t h a n  
a i r s u p p l i e s t y p i c a l l y  p r o v i d e d . 

U n d e r c u t  f u r n a c e  r o om d o o r s  a n d  o t h e r  a i r I e a  k s  t o  t h e 
r e m a  i n d e  r o f  t h e  h o u s e  m a y h i  n d e  r t h e  e f f e c t  i \' e n  e s  s o f  t h e  
a i r  s u p p l y  i n  t h e p r e s e n c e o f  o t h e r  c o m p e t i n g a p p l i a n c e s . 
R e g u l a r  a i r s e a l i n g t e c h n i q u e s  c a n , h o w e v e r , o v e r c om e  t h i s  
p r o b  l em . I f a c o m p  e t  i n g a p p  1 i a n  c e s u c h  a s  a d r y e  r i s 
1 o c a t e d w i t h i n t h e  r o om t h e  s u p p  1 y m u s t b e  s i z e d  t o  h a n d  l e 
b o t h  a p p l i a n c e s . 
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E v e n  w i t h  a U - s h a p e d  c o l d  a i r l o c k , h o m e o w n e r s  r e p o r t  c o l d  
d r a f t s  f r om a i r  s u p p l y w h e n  t h e b u r n e r  i s  n o t  i n  u s e . Lo c a l 
c o n t r a c t o r s  h a v e  ma n u f a c t u r e d mo t o r i z e d  d a m p e r s , w h i c h o p e n  
o n l y  w h e n  t h e f u r n a c e i s  o n . T h e  d am p e r  c a n  b e  w i r e d " f a i l  
s a f e " , w i t h  a s p r i n g l o a d e d , n o r m a l l y  o p e n  d a m p e r , s w i t c h e d  
t o  a l l o w b u r n e r o p e r a t i o n o n l y  w h e n  o p e n . T h e  c o s t i s  
a p p r o x i ma t e l y  $ 1 0 0 . 

B a r e  m e t a l  a i r  s u p p l y  d u c t s  w i l l  t y p i c a l l y  c a u s e 
c o n d e n s t i o n .  Ha r r y W e s t r e p o r t s  s u c c e s s f u l l y  a v o i d i n g t h i s  
b y  i n s u l a t i n g d u c t s  w i t h  l "  f o i l - c o v e r e d g l a s s f i b r e  b a t t s . 

3 .  P r e p u r g e  Cyc l e / S o l e n o i d  Va l v e 

D i s c u s s e d i n  d e t a i l  i n  p r e v i o u s l y  s u bm i t t e d pa p e r , t h i s  l ow 
c o s t s o l u t i o n o f f e r s  i n  a d d i t i o n t o  r e d u c e d  b a c k d r a f t i n g a 
b o n u s  i n  a c l e a n e r  h e a t e x c h a n g e r  a n d  r e s u l t i n g g r e a t e r 
e f f i c i e n c i e s a n d  f u e l  s a v i n g s . 

4 .  Exha u s t App l i an c e  Pr i o r i t i za t i o n 

O n e s u c c e s s f u l p r i o r i t i z a t i o n ( .J e n n a i r S t o v e  d i s a b l i n g 
f u r n a c e , w h e n  o p e r a t i n g )  h a s b e e n  r e p o r t e d b y  S h e l t a i r . I t  
i s  a l ow c o s t s o l u t i o n ,  b u t a d d s  t o  t h e t e c h n i c a l  c om p l e x i t y  
o f  t h e h o u s e .  T h e u n s u s p e c t i n g  f u r n a c e  r e p a i r m a n m a y n o t  
r e a l i z e t h a t  a ma l f u n c t i o n i n g f u r n a c e  m a y b e  c o n n e c t e d  t o  
t h e s t o v e  a n d  o n e  c a n i m a g i n e a s i t u a t i o n w h e r e  t h e 
h 0 rne ow n e r l e a v e s  t h e h o u s e  w i t h  t h e J e n n ::i. i r  o n  t o  c l e a r  t h e 
a i r i n  t h e h o u s e , a n d  r e t u r n s m u c h  l a t e r t o  f i n rl t h e p i p e s  
f r o z e n . 

5 .  New I n s u l a t e d  F l u e 

T �1 i s r e m  e d i a J me  a s u r e h a s b e e n d o  c u :T1 e n t C' d b y  I-Ili r r y W e  s t i n 
" S t a i n l e .s s  S t e e l  L i n e r s "  S t a n d a r d s a n d  I n s t a l l a t i o n m a n u a l . 
A t y p i c a l  i n s t a l l a t i o n i s  d o n e  i n  c o n j u n c t i o n w i t h  t h e 
i n s t a l l a t i o n o f  a h i g h p r e s s u r e b u r n e r  w i t h  a n  i n t e g r a l  
d a m p e r o n  t h e a i r  s u p p l y  a n d  e 1 i m i n n t i o n o f  t h e b a r o m e t r i c 
d a mp e r . T h e  r e d u c e d  o p e n i n g ,  i n s u l a t e d s t a i n l e s s  s t e e l  f l u e  
r e d u c e s  b a c k d r a f t  d u e  t o  t h e t h e r m a l m a s s  o f  a n  o v e r s i z e 
m a s o n r y  c h i m n e y . T h e s a f e t y o f  a n y  d e t e r i o r a t e d f l u e i s  
a 1 s o d r a s t i c a  l l y i n c r e a s e d . A \' e n t c a p r e d u c e s b a c I\ d r a f t 
d u e  t o  w i n d  g u s t s . 

T h e  b u r n e r  a l s o h a s a n  i n t e g r a l  d e l a y e d  a c t i o n s o l e n o i d  
v a l v e .  T h e  e l i m i n a t i o n o f  t h e b a r ome t r i c  d am p e r  a n d  t h e a i r  
s u p p l y v a l v e n o t o n l y  r e d u c e s  t h e ba c k d r a f t i n g po t e n t i a l b u t 
a l s o e l i m i n a t e s t h e s t a n d b y s t a c k  l o s s e s . T h e  i n s t a l l a t i o n 
m a n u a l o f  t h e b u r n e r s  d o e s  n o t s p e c i f y t h e r e m o v a l o f  t h e 
b a r om e t r i c d am p e r ,  a n d  mo s t i n s t a l l e r s  h e r e  o n  P . E . I .  l e a v e 
t h e ba r om e t r i c  d a m p e r s  o n . 
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6 .  Dr a f t  In d u c i n g Fa n 

L o c a t e d a f t e r t h e a p p l i a n c e , b e f o r e o r  i n  t h e c h i m n e y , t h e 
d r a f t  i n d u c i n g f a n  b o o s t s  t h e d r a f t  o f  t h e c h i mn e y . T h e  u s e  
o f  t h i s  d e v i c e  i s  c orrrno n  i n  i n d u s t r i a l  a p p l i c a t i o n s , b u t i s  
r a r e l y  u s e d  r e s i d e n t i a l l y .  H a r r y  W e s t f e e l s  t h a t  t h e 
i n c r e a s e d d r a f t  m a y p o t e n t i a l l y  d a m a g e  t h e f i r e b o x .  T h e  
c o s t o f  t h e d e v i c e i s  f a i r l y  h i g h ( $ 5 0 0  r a n g e ) .  T h e  d e v i c e 
d o e s  n o t  r e a l l y  s o l v e t h e c a u s e o f  a n y  b a c k d r a f t i n g 
p r o b l e m s , a n d  m a y i n d e e d  c a u s e  o t h e r  a p p l i a n c e s  t o  
b a c k d r a f t . T e c h n i c a l  c o m p l e x i t y ,  n o i s e a n d  m a i n t e n a n c e 
c o s t s  a r e i n c r e a s e d . L o c a t e d i n  a c o r r o s i v e a t m o s p h e r e , 
s u c h  a d e v i c e  c a n b e  e x p e c t e d t o  h a v e  a s h o r t e r l i f e s pa n . 

H a  r r y W e  s t r e p o  r t s t h a  t h e e 1 i m i  n a t e s d a m p  e r s a n d em p l o y s 
r e d u c e d  f l u e s i z e s  u n d e r  a s e c t i o n o f  t h e B 1 3 9  C o d e , 
a l l o w i n g q u a l i f i e d c o n s u l t a n t s  t o  t a k e s u c h  s t e p s . T h i s  
l e a v e s  t h e l i a b i l i t y s q u a r e l y  o n  t h e i n s t a l l e r . I t  w o u l d  b e  
d e s i r a b l e t o  g e t  d i r e c t  c o d e  a p p r o v a l f o r  r em o v a l o f  t h e 
b a c k d r a f t d a m p  e r i f t h i s i s g o  i n g t o b e  a c o  m m  o n  l y 
r e c omne n d e d  r eme d i a l  me a s u r e . T h e r e  i s  a l s o t h e q u e s t i o n o f  
b o i l e r wa r r a n t y ,  w h e n  r e d u c i n g t h e f l u e s i z e b e l ow t h e s i z e 
r e c omn e n d e d b y  t h e b o i l e r ma n u f a c t u r e r . 

0 n t h e q u e s t i o n o f l i a b i l i t y , S k i p H a y d e n c o mm e n t s t h a t i n 
t h e c o u r s e  o f  t h e w i d e l y  u s e d b u r n e r c o n v e r s i o n p r o g r am h e r e 
o n P . E . I . , w h e r e t h o  u s a n d s o f b u r n e r I b o i l e r s we  1· e e q u i p p e d 
w i t h  r e t e n t i o n h e a d s , t h e r e t r o f i t s w e r e d o n fc  w i t h o u t 
o b t a i n i n g p r i o r a p p r o n i l f r o m b o i l e r m a n u f a c t u r e r s o r  C S A 
a p p r o v a l s  f o r  s p e c i f i c  s y s t em c om b i n a t i o n s . 

P l a n  f o r  I n s u l a t e d F l u e s  

L o c a t i o n :  Tw o h o u s e s  w i t h  ba c k d r a f t  p r o b l e:-n s w i l l  b E  s e l e c t e d . 
B o t h  w i l l  h a v e  p r e v i o u s l y  i n s t a l l e d R i e l l o  b u r n e r s .  O n e 
h o  u s  e i s t o b c n e w a n  d r e l a t i \' e 1 y a i r t i g h t . Th e o t h £' r h o  u s e 
i s  t o  b e  o l d a n d  r e l a t i v e l y l e a k y � w i t h  b a c k d r a f t  l i k e l y  t o  
b e  d u e  t o  a n  o v e r s i z e d  c h i mn e y .  

T e s t i n g :  T e s t s  1 ,  2 ,  3 a n d  4 w i l l  b e  c o n d u c t e d 
f u r n a c e / c h i m n e y  p r i o r t o  a n d  a f t e r i n s t a l l a t i o n o f  
i n s u l a t e d c h i m n e y . A " c o l d "  c h i m n e y  t e s t  w i l l  
s e v e r a l - h o u r c o o l i n g p e r i o d .  

o n  t h e 
t h e n e w 

o f f e r  a 

In s t a l l a t i o n :  A c o n t r a c t o r  f am i l i a r  w i t h  t h e i n s t a l l a t i o n o f  
c h  i mn e y l i n e r  s w i 1 I b e  e n g a g e d  t o i n s t a  l l l i n e r  s a s  p e r  t h e  
m a n u a l . H e n r y  W e s  t h a s a g r e e d  t o  v i  s i t t h e s i t e s  d u  r i n g 
i n s t a l l a t i o n .  H i s t i m e  w i l l  b e  s h a r e d b e t w e e n : t e c h n i c a l 
t r a n s f e r ( h i s i n s u l a t e d c h  i m n e y s y s t em i s n o  t w e  l l k n  o w n  i n 
P .  E .  I . ) a n d d i  s c u s s  i n g t h e c h i mn e y  t e s t  p r o g r am .  

C o s t :  H a r r y W e s t w i l l  p r o v i d e f l u e ma t e r i a l s  f r e e o f  c h a r g e . 
T h e  p r o  j e c t  w i 1 l b e  c h  a r g e d t h e  d i r e c t  c o s  t o f  em p l  o y i n g a 
ma s o n , e s t i ma t e d a t  $ 3 0 0  t o  $ 4 0 0  p e r h o u s e . 
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D i  s c u  s s i o n  : S i n c e s u b m  i t t i n g t h e  o r  i g i n a l r e s e a r  c h  p a p e r , 
a d d i t i o n  a l i n p u t f r om o t h e  r t e a  m m em b e  r s h a  s i n i t i a t e d a d d i t i o n  a l 
t o p i c s  t o  b e  c o n s i d e r e d . 

Th e o b j e c t i v e s  o f  a n y  r em e d i a l  me a s u r e  a r e :  

1 . t o r e d u c e  o r  e l i m i  n a t e c h  a n  c e o f  ba c k  d r a f t i n g 

2 .  t o  u t i l i z e e x i s t i n g e q u i pme n t  a n d  s e r v i c em e n  i f  p o s s i b l e  

3 .  t o b e  i n e x p e n s i v e ,  o r  i f  e x p e n s i v e ,  o f f e r o t h e r  b e n e f i t s 
w h i c h j u s t i f y t h e g r e a t e r c o s t 

4 .  n o t t o  a d d  t o  t h e c om p l e x i t y  o r  s e r v i c e  r e q u i r em e n t s  o f  t h e 
m e c h a n i c a l  s y s t ems o f  t h e h o u s e . 

R e  1 .  A l a r m s  a n d  c h e c k l i s t s a r e  c l e a r l y d i a g n o s t i c  t o o l s ,  n o t a 
s o l u t i o n ,  a n d  t h e r e f o r e  d o  n o t f a l l  w i t h i n o u r  t a s k .  W e  
s u g g e s t h o w e v e r  t h a t  c o n v e n t i o n a l smo k e  a l a r m s  b e  t e s t e d  o u t  
a s  a w a r n i n g d e v i c e i n  a f e w o f  t h e h o u s e s  w h e r e  t h e s p o t  
t e s t m a y i n d i c a t e  p r o b l em s . 

Re 2 .  S e p a r a t e a i r s u p p l y i s  a n  e x c e l l e n t  r eme d y . To b e  t e s t e d 
a n d d e v e l o p e d  b y  SRC . 

R e  3 . P r  e p u r g e c y c 1 e I s o  1 e n o i d \' a 1 v e • I n h o  u s  e s  p r  e v i o u s  1 y 
t e s t e d �  t h e b a c k d r a f t i n g p r o b l ems w e r e  a l l o \' e r c orn e b y  t h e 
b u 1· n e r , 11 f t e r a s h o r t p e r i o d . T h e cl e v i c e i s e 8 s i 1 y 
i n s t a l l e d a n d  i s  i n  f a c t  s t a n d 3. r d  o n  S C' m e  e q J i p m e n t .  T h e  
d e \' i c e i s i n e x p e n s i v e a n d r e s u l t s i n c 1 e a n e 1 o p e r a t i o n a n d 
f u e l  s a v i n g s . C l e a r l y  a s u p e r i o r s o l u t i o n t 0  b e  t e s t e rl .  

R e  4 .  P r i o r i t i z a t i o n . A l t h o u g h  a n  i n e x p e n s i v e  m e r:i s u r e ,  t h i s 
m e a s u r e  a d d s  t o  t h e c om p l e x i t y  o f  t h e s y s t em .  8-'l c k d r a f t i n g 
p r o b l em s m a y b e  r e s o J\.· e d , b u t n ew p r o b l em s , s u C' h  a s  f r e e z e -
u p , ma y b e  a d d e d . N o t r e c omn e n d e d  a s  a me a s u r e .  

R e  5 .  I n s u l a t e d f l u e .  T h e  h i g h c o s t i s  t h e o n l y  d r a w b a c k o f  
t h i s m e a s  u r e • Wh e r e  a d e  t e r  i o r  a t e d f l  u e j u s  t i f i e s  w o r  k o n  
t h e c h i mn e y , t h i s  i s  a r e c oITTTi e n d e d  s o l u t i o n .  Pa r t i c u l a r l y  
s u i t a b l e f o r  t h e ma n y  c e n t u r y  o l d f l u e s  o f  P . E . I .  A t  Ha r r y  
W e s t ' s  .s u g g e s t i o n ,  t h i s m e n .s u r e  w i l l  b e  t e s t e d i n  t w o 
l o c a t i o n s . T h e  me a s u r e  n o t  o n l y  i m p r o \· e s d r a f t  b u t  g r e a t l y  
i n c r e a s e s  t h e g e n e r a l s a f e t y o f  t h e f l u e .  

Re 6 .  D r a f t  a s s i s t a n c e . As  a l r e a d y  o u t l i n e d  p r e v i o u s l y ,  a d r a f t  

.. 

a s s i s t a n c e  f a n  w i l l  b e  t e s t e d a t  H o l l a n d  C o l l e g e . W i t h  a 
r e 1 a t i 11 e l y h i g h c o s  t , p l  u s  a d d e d  c om p  l e x  i t y , t h i s i s n o t  a 
r e c o mm e n d e d  m e a s u r e ,  b u t  t e s t i n g w i l l  s e r \' e  a s  a u s e f u l  
" b e n c hma r k " a g a i n s t  w h i c h t o  t e s t  t h e o b t a i n a b l e p r e s s u r e  o f  
o i l b u r n e r s . 
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TABLE # 1  
Combustion Products Plus Barometric Damper Dilution 

% EXC ESS A I R  
* %  02 
* C02 

F I R I N G  RATE 
U .S.G. P. H .  
1 . 1 0  
1 .00 

.85 

.75 

.65 

.60 

.50 

1 0  
2 

1 4  

25.5 
24.3 
20.6 
1 8 .2 
1 5 .8 
1 4 .5 
1 2 . 1  

* Measu red at  C h i m ney Base 

1 5  
3 .5 
1 3  

27.1  
25 .8 
2 1 .9 
1 9 .4 
1 6 .8 
1 5 .5 
1 2 .9 

25 
4 .5  
1 2  

35 
6 .5 
1 1  

50 
7 .5  
1 0  

C U B I C  FEET P E R  M I NUTE 

29.5 32.2 35.4 
28 . 1  30.7 33.7 
23.9 26 .1  28 .6 
2 1 .0 23.0 25.3 
1 8 .2 1 9 .9 2 1 .9 
1 6 .8 1 8 .4 20.2 
1 4 .0 1 5 .3 1 6 .9 

65 
9 
9 

39.1  
37.1  
3 1 .6 
27 .9 
24.8 
22 .3 
1 8 .6 

85 
1 0 .5 

8 

43 .6 
41 .5 
35.3 
31 .2 
27 .0 
24.9 
20.8 

1 1 0 
1 1 .5 

7 

49 .5 
47 .2 
40 . 1  
35.4 
30.6 
28.3 
23.9 

Table # 1  shows vo l umet ic  flow rates of gas at 1 5 .5° C (60° F) associated with  various excess a i r  levels.  

Chimney Construction 

A typical  c h i m ney i n  North America is a brick/b lock masonry construct ion with a standard c h i m ney 
t i le  l i ner  down to the clean-out.  The clean-out is  norma l l y  1 8" to 24" below the i n let of the heating 
app l iance. In some construction only two clay t i les were used top and bottom. Th is  resu l ted in two 
courses of b rick  to make the c h i mney pe ri mete r between the two t i les.  

60° C 

( 1 40° F )  

50° C 

( 1 1 2° F )  

HAYDEN - E.M.R. C.C.R . L. 

" 

WATER DEWP O I NT 
BASED ON EXCESS A I R  L EVELS 

FOR HEAT I N G  FUELS 

THE EXCESS AIR LEVEL IS M EASURED 
AT THE BASE OF THE C H I M N EY TO 
DETERM I N E  CONDENSATION TEMPERATURE 

IN THE C H I M N EY COLUMN. ALL M EASURE

MENTS AT STEADY STATE. 

METHANOL 

NATURAL GAS 

PROPANE 

No 2 O I L 

300 400 

EXCESS A I R % 

500 600 700 

( i i )  
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Conditions (cont'd . )  

Vo l u me of F l ue Gases 

Weight  of F l ue Gases 

Heat Content 

= 

= 

30.3 c u .  ft. per m i n ute 

30.3 x .075 = 2.28 

(2 .28 wei g ht) x (60 T i me) x (275° F Temp.)  x (0.24) 
= 9 ,028 8 .T.U . H .  

• Absorpt ion rate of f l ue B.T . U . H .  a t  25° F 
(65 .3 sq.  ft. area) x ( 1 99° F average temperatu re)  x ( 1 .0 coeffic ient )  

= 1 2 ,995 B .T.U . H .  

* Absorpt ion rate o f  f l ue B.T. U . H .  a t  -3° F 
(65 .3 sq.  ft. a rea) x ( 1 99° F) x ( 2 .0 coefficient) 

= 25 ,592 8.T.U . H .  

* N . B .  The abi l ity o f  the c h i m ney t o  absorb a l l  t h e  heat i s  se lf evident b u t  t h e  centre core o f  f low does 
not come in contact with the t i le  l i ne r. 1 00% condensation d oes not happen.  

The variables that  cause condensation: 

( 1 ) Time delay to ach ieve steady state, up to 5 m i n utes. 

(2) Appl iances do not cycle for 60 m i n ute burn t i m e  for maxi m u m  
B.T. U . H .  i n put.  

(3) High relative h u m i d ity of the d i l ut ion air changes the dewpoint u pwards f rom that 
calcu lated with d ry a i r. 

(4) The fl ue can absorb more latent heat than the heati n g  appl iance can produce. 

Case 

Cold outdoor tem peratures with l ong off cycles normal l y  p roduce pu lsations 
on start .  

I nsta l lat ion of 5" � stai n less steel l iner  insu lated between the l i ner and the exist ing t i le  l i ner .  

C h i m ney Height 8 .5M 28 ' 

Temperature at Breach 

C02 at B reach 

Tem peratu re at Base of C h i m ney 

C02 at Base 

F l ue gas exit  tem peratures 
Centre of Flow 8" below exit  

Average tem peratu re of f l ue 

Heat Loss o r  Absorpt ion Rate 

Peri meter = 
Height = 

1 5 .7" 
28' 

287 .7° C 550° F 

1 3-1 /2% 

1 23 .8° C 255° F 

6-1 /2% 

96 .1 ° c 205° F 

230° F 

Area = 1 5 .7 x (28x1 2) � 1 44 = 36 .3 sq.  ft .  

Total B .T.U . H .  Loss 

Square ft. of s u rface area x ave rage flue gas tem perature x coefficient of heat transfer = Loss 

36.3 sq. ft. x 230° x 0.4 = 333.96 B.T. U . H .  

T h e  use o f  a sta i n less steel c h i m ney l i ner wi l l  e l i m i nate o r  control condensation problems, 
establ ish d raft a l most i nsta nta neous ly and provide a designed vent ing system for increased 
efficiency d uring operat i o n .  

( iv) 
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ECONO TECH"'PROD U CTS 
Z Flex Stainless Steel Liners 

MATER IAL: The materia l  used for production of Z Flex L i ner  is a specia l  3 1 6  a l loy 0 .005" th ick .  

U . L .  l i sted . 

CONSTR U CTION: S p i ra l  look conti n uous sea m .  

TESTIN G: A series o f  performance tests were c o m pleted by Warnock Hersey, a n  i ndependent testi ng 
lab .  The tests were conducted u nder the g u idel i nes: " U nderwriters Laboratory Proposed Req u i rements 
L i ne rs for Maso n ry C h i m neys Vent i n g  O i l  and G as F i red Appl iances". The test f i l e  is # F L  200-290-040 
and the tests were conducted u nder req u i rements out l i ned i n  U LC-S629- M 1 981 which is req u i rement 

for 650° C factory bu i l t i n s u l ated c h i m neys. 

Additional tests were conducted for: 

CORROSION: Severe s u l p h u rous acid bath U L C  S 609 standard for L vents. 

STRE N GTH: A 200 pound force was exerted on a sect ion of l i n e r  suspended from a forkl ift t ruck .  

FLEX I B I LITY: Liner  was bent around a wooden form of 1 7.5" rad i u s  t h ro u g h  1 80° for t h ree separate 
appl icat ions .  No sepa rat ion or col lapse. 

TO RSION: A sample l i ner  suspended from a beam i n  a f i xed posit ion was rotated 1 80° c lockwise 
and then retu rned to its orig i na l  pos i t ion .  This test · was repeated t h ree t imes; no 
separation was observed . 

ABRASION: An eight  foot long sample l i ner  of 5" nom i na l  was d rawn t h roug h  an u n l i ned masonry 
ch i mney ten t i mes. The flue was 7 1 /4" x 7 1 /4 ' ' .  The l i n e r  withstood the test without 
showing any j o i nt separat i o n ,  rupt u re ,  o r  v isua l l y  obse rvable damage wh ich would 
cause the material  to be unsu itable for its i ntended use.  

TIG HTNESS Samples of the l i ner  were su bjected to a t ightness test after the temperature, strength ,  
TEST: flex i b i l i ty, tors ion and a brasions tests were compl eted . Both ends of the sample l in e rs 

we re p l ugged with wooden p lugs and sea led with si l icone sealant .  Each sample was 
pressu rized to 0.5" water ga uge us ing com p ressed a i r . The pressu re was m o n i tored to a 
m i n i m u m  leakage rate of 0 .42 cubic  feet per hour .  After a l l  p rev ious tests the samples 
al l  passed a t i g htness test or leakage rate less than the d etectable f low rate.  The l i ner  
was subj ected to add it ional  tests for pu nctu re rate, l iq u id penetrat ion and a brush 
sweep test for c lean i n g .  

T h e  concl usions by K .  S. Chan , P .  Eng . ,  Metal l u rg ical E n g i neer, Physical  Testi ng Serv ices f o r  Warnock 
Hersey P rofess ional  Services Ltd . :  

"The c h i m ney l i ners of various nom i na l  d i ameters com p l i ed with  the p roposed req u i rements for f lexible 
l iners for maso n ry c h i m neys for venti n g  o i l  and gas f i red appl iances issued by U L C  and dated August 31 , 
1 982.  

The l iner,  when i nsta l led with the proper care and fo l lowing the i nstructi o n  procedures,  wi l l  provide the 
consumer with a safe , h i g h ly eff ic ient vent ing system ." 

( v i )  
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T h e  v e n t  c h i m n ey a d a pte r i s  s e r i o u s l y  
corroded after on ly  t h ree years. The o pe n i n g  
was causing t h e  excessive d i l ut ion o f  t h e  f l u e  
gases a n d  t h e  potent ia l  f o r  severe lea kage is  

self-evident i f  the c h i m ney beco mes p l ugged . 

O u t s i d e  t h e  r e s i d e n c e ,  t h e  c h i m n e y  
condensat ion has m i g rated over a wide a rea of 
the br ick  work - a te l l-ta le s ign  of a potentia l  
p roblem by v isual  observat io n .  

A close-u p  o f  the d amage start ing over the 
w i ndow l i ntel . 
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C l ose- u p  of the c h i m n ey base. 

Note: There i s  no metal t h i m b l e  i n  the open i n g  
t o  accept t h e  vent p i pe.  

The Liner K i t :  316 sta i n l ess U . L .  l i sted a n d  
Wa rnock Hersey teste d .  T h e  k it shown i s  a 25' 
5" d i ameter u n i t .  The actual kit length req u i red 
o n  our i nsta l lat ion was 1 8' .  There wil l  be 20' k its 
avai lab le  for futu re i n sta l lat ions.  

The cap i n  the foregro u n d  i s  a s pecial  aerocowl 
cap w h ich we h ave eval uated with the per
m ission of the M i n istry of Co mmercia l  a n d  
Consumer Relations - Fuel  Safety B ranch . 
The u n its you w i l l  receive w i l l  have the aerocowl 
U . L .  l isted cap for i nsta l lat ion . 

Industrial Vermiculite 

The back fi l l  m aterial to provide easy i nstal lation 
of i nsu l ati ng material  i s  a bl ock f i l l  ver m i c u l i te . 
The block fi l l  i n su lation m u st be waterproof 
type t h at w i l l  n ot become water laden by 
osmosis. Wet i n s u l at ion s u rro u n d i ng a round 
l i ner, i f  low tem peratu re causes freez i n g ,  wi l l  
d est roy the c h i m ney. The use of i ns u l at ing 
materi a l  i m p roves t h e  performance of your 
vent system by decreas i n g  t h e  tem perature 
d rop i n  the vent. The u se of i ns u lation w i l l  a l so 
p rolong the l ife of the l i ner by m a i n ta i n i ng the 
f lue gas tem peratu res above the dew point fo r 
a l l  applications properly sized. N o  condensation, 
n o  damage. 
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The enlarged open i n g .  

Ensure that i f  the open webbs o f  t h e  blocks 
are v is i ble,  p l u g  the open ings to stop the 
i n s u l at i o n  f r o m  l e a k i n g  i n to t h e  b l oc k  
fo u ndation.  

C h i m ney contractor uses strong cord to attach 
to the p l u g .  The plug is used to lead the l i ne r  
d own the ex isti n g  c h i m n ey a n d  around any 
offsets that may be encounte red.  

Special Note: 

The normal i nsta l l at ion of th is  l iner  w i l l  be easy 
with offsets of up to 45° a n g l es. If  the c h i m ney 
offset is over 45° , the outside wall wi l l have to be 
ope ned to a l low the offset i nstal lat ion of the 
l i ner .  The use of extreme force to p u l l  the l i ner  
a ro u n d  a severe offset wi l l  on ly  c rush the l i ner, 
choke the free a rea and cause you f u rther 
p roblems plus e xpense. Don't r isk a severe 
offset with f ive i n c h  d i a meter l i ner u n less it is  a 
1 2" x 1 2" ti le .  

PAG E S 
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Slowly feed the l i ner i nto the masonry chimney. 

Fee d i n g  the l i ner with the rope being p u l led 
down at base ment level from the en larged 
ope n i n g .  

T h e  l i ner i s  now i n  position a t  t h e  basement 
open i n g  . 
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Fi berg l ass i n s u l at ion is n ow packed at the rear 
a n d  s ides of the double base tee. This  w i l l  h e l p  
centre t h e  d o u b l e  base tee i n  t h e  cavity.  

C lose-up of the double base tee i n  p l ace. To 
keep mortar out  of the vent d u r ing rebrick i n g  
a n d  p l aster ing o f  t h e  open i n g ,  a f i berg l ass 
plug is usefu l .  

The F i n ished O pen i n g 

Bricks should be l a i d  a n d  then mortar appl ied 
as a p laster coat to make the wa l l  smooth . 
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Cutting excess l i ner materi a l  u s i n g  either a 
ut i l ity k n ife or a set of p ipe shears.  Cut the l i ner 
a m i n i m u m  8" to 1 2" a bove the t i le l i n er. The 
exact h ei g ht req u i red can be d eterm i n ed l ater 
when the aerocowl is  bei n g  i n sta l l e d .  

T h e  Fina l  C u t  

Beca use the mate ri a l  is s p i ra l  locked , ve ry 
sharp edges a re prod uced d u ri n g  cutti n g .  U se 
care or a severe laceration may occ ur .  If you 
can work with g l oves , do so. 

I nsta l l  stai n l ess steel adapter for mounting 
aerocowl on l i n er. 
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Now start placing the special m o rtar. 

Trowel up a shoulder .  

The f in ished prod uct. 

The mortar should be a m i n i m u m  of 3" of depth 
inside the t i le  fl ue and raised above t h e  tile f lue 
to form a ra i n  collar s loping from the l i n e r  to 
the flue ti le. Ensure that the mortar is  smooth,  
packed and s loped. 
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The use of "appro ved "  sta i n less steel l iner  material is a m u st to p rovide the l o ng evity a n d  safety that is 
req u i re d .  With a ve nti n g  syste m ,  the proper care taken d u ri n g  the i n sta l lat ion p roced u re wil l  a lso 
ensure p roper eff icient operat ion of the heating appl ia nce con nected to the l i ner .  

AC KNOWLEDG EM ENT 
The conti n u i ng search for answers to the p rob lems with h i g h  eff iciency e q u i p ment vent ing systems 
was long , but i n  the e n d ,  reward i n g .  

Va rious peo ple i n  their  d a i l y  j o b  f u nctions provided i nformat ion that kept t h e  sea rch fo r the r ight  
answers on t rac k .  

A special than ks t o  C .  S.  " C l i ff" J a mes, of Esso Petro leum Canada, w h o  p rov ided tec h n i cal a nswers 
from a storehouse of i nfo rmation and t u rned up with the solut ions for sizi n g ,  fr iction, l oss, a n d  
condensation p l u s  the rates o f  thermal loss that w e  were encou nteri ng i n  t h e  field tests. 

H .  R. West 
Esso Petroleum Canada 
Septem ber, 1 985 
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Dashed lines R e p resent 24 Volt Circuit . ELECT R I CAL WI R I N G  
Solid lines Represe nt 1 1 5  Volt C ircuit U n less N oted Otherwise . 

1 1 6/ 1 /80 Ho•�, Drot1 
Neu1ral Inducer 

Connec1 hot wire 
t o  motor terminal 
in burner primery 
contr ol 

DIAGRAM N O .  1 
M OTOR D R IV E N  O I L  OR G A S  B U R N E R  

F a n  Prover Switch O mitted 
• Burn e t end �nduce-r 11ar1 s1mul1aneously 
• Diegram epphc.eble- when 1otal o' amperes for bu• ne1 

mo1ot. transfo1mor. velvt-. eu: . ptus 1nducN motor dc;>e-S 
not tui:ceed amoe-r1ge rai1ng of burner pnmarv conuo� 

d p;:: •. /� 
:"° ) ' ,.;,0 10 \1 'f"I , � v•l\le )--..+.lJ Orah To burner motor., 
I • Inducer termin•I in bu r n� 

I prim1r-w control 
Neutr•I <------' 

DIAGRAM N O .  4 
MOTOR D R IVEN GAS B U R N E R  O R  

O i l  B U R N E R  W I T H  VALVE 
• Burne: flrt>f. 1'1er ,nducet o"rra110� tli pro'lled 
• 01111grarn eppl1c.abl� whPn tot at of empr1s for bu"'"' 

;0�1:�c�:�l��;;:�·o;•;;�.n�1�� ���������,;;.�0d:�1�·��� 

Primary 
He•tf!'r 

Gu .. �Iv• Suppl'° � 

Connect rel•v 
coif t o mo1or 

Rtley 

terminal in 
burner pr im a ry 
control @r Oratt 

Inducer 

1 1 51 1 /60Ho1 :J 
Neut nl<>-----'----J 

DIAGRAM N O .  2 
MOTOR DR IVEN OIL OR GAS B U R N E R  

Fan Prover Switch Omitted 
• Burner and' 1nouctr stan &rmuh_eneouslv 
• 011grem 1 pplu:able when '0181 of 1mpere.s for burner 

motor, u1ns-formrr. valve. ett , olug inducer motot 
••ceeds ampl!r•oe rating ot burne1 prn''•''f conuol 

Th_,.,0.,., �- ·-·:· · - · ···�, 
. s' " ' : 
I 

' ' I ' 

Tr 
Ctt ' ' 

•n1torm•r 
V•lve ! -; IP·· ··- · ·�-·; I R t l • � l 1 D r e fl 

' 
ndueer 

Lom" I 1 1 !1 ' 1 t'OHot � 
N•utt el , _ . L  

DIAGRAM N O .  5 
ATM O S P H E R I C  GAS B U R N E R  

24 V O LT C O N T R O L  
Fan Prover Switch Omitted 

• B ur ner end inducer s1ar1 s1mul1eneous1y 

- - - - - - -; Fen 
Pro\llH 

;);:::....: ... 
Add 645A 1 022 Preuure Switch 

PIPING 
i 
Q; 

�.r--. 

Seconder\' 
:-...,_ - :- :-- .-: Add 24 Voll Gu V•lve -� J �· 

�-11 �. Q..:::::.......,. � t-lot C'-� _ _ _ _  
1 

Burner 1 1 61 1 /60 
Neutral :>--

DIAGRAM N O .  7 
N O N - E LE C T R I C  OR POWER P I L E  

C O NTROL WAT E R  H E AT E R  

T r • l'lstormer 1'1ducer 

e When control on w11rr heater calls for f\ea1. gas pressure 1s establls:hed up 10 new pressure switch and a s  fer as new 
1econd8''1' g1s °t'alve Gas preuure swltct\ starts. ;ndocer 

eWtlen induce r 0�1at•on 15 nroved. f a n  prover openfi secondary gas valve- allowing gas flow 10 burner 

OTHER T J E RNLUN D  PRODUCTS 

r - - - - - - - - - 1  
: � 
I 

r------ .. - -kJ  
Thermostat I '  r r-d I 1 fen 

b v Pro¥"9f 
0 6 

To thermo1t1t 
t•rmin•I• in 
burner primuy 
control 

�:::�oh o� ,--!11 �· 
bu•··· , r""' ) I ·.' motor 

\ J Lii ' !j To burner motor \j ! ·11 / 
term•n•I in burner � Dr•h 
prim•rv control o----...J 1 Inducer 

Neutral cc-----· 

DIAGRAM N O .  3 
OIL B U R N E R  WITHOUT O I L  VALV E  

• Surnf'f fires ahrr induce• optua11on 1s. prf·,'t:d 

e 01agr&m 111ppllc1bl! whf'n lot al of ampl!!-rt=!o for burnef fTI01or 1ral'\sformer valve. etc . ph;i. inducer motot does not e:ii:rred •mpf'ti!l9e ra,1n9 of bu,ne1 primarv conuol 

Th•rm o111 1 f · .. - .. - - r - - - - -, � � - ·�  r - ;- - - - � : 
: I 8 ]  �I 1 Fin I � , I 1 v���'. ! P•c••• 
' I . 

Transformer � ! �.-=! I 
! �-� � ' 

; Ael•y , 

Llm•I I I D<eh 
Hol ��t_J Induce• 

1 1 61 1 /60 .;_:; 
N e o t r a l  �·-· -- • 

DIAGRAM N O .  6 

ATM O S P H E R I C  G AS B U R N E R  
2 4  Volt Control 

• Burner lues. after 1nduCPr opera11of' 1s proved 

RA832/: 
Pilot Gen 

r -0- 1  
I ' lr•nl Relay _ _ _  _. _ � ,  r � - - - -m 
lbJ ' 

r- -;t--, GH L_j f- - -
, � \l•l'lle 1 

<¥-- -· - _ _ _ _  _: 
· --=· '!',___ ! � 

[Ot-1\! -lj l.£1 · -� t1 2• vol1 thermn11111  ! r-f1 J lnot powerpde t y p e  I l_.&-� 1 
Or1'1 

Induce� 

1 1  5 1 1  /60 Hol : I l:_j-' ... I Neu•rel <>----�-'----------'· • ·mil 

DIAGRAM N O .  8 

POW E R PILE T Y P E  G A S  B U R N E R  
F e n  Prover Switch O mitted 

• Burner end inducer stan s 1 m ul111neously 

Fen 
Prow1 

HS I N DUCERS DUCT BOOST E R '.· 
S pecial des i g n  for g a s  a nd o H- fired 
applicat ions High pre s s u re per m its 
s u bsta nt ia l  reduct i o n  i n  f lue size 

� 

I ncreases flow in 
wa rm or cold air  
branch d ucts . 

® 
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JERNLUND 
PROD UCTS , I N C .  

AUTO-DRAFT c INDUCERS 
S I M PL E  I N STALLAT I O N  

1 .  C UT S L OT I N  P I P E  2 .  I N S E RT I N D U C E R  3 .  I N ST A L L  B A N D S  
,.. .., 111 � 

�. 
( Temp l a te  f u r n ished ) --.... 

� 

, 

�;tr �.� - ' 
\ 

( M odel  DJ2 
fastened  
wit h screws ) 
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I NSTALLAT I O N  A N D  S ERVI C E  I N FOR MATION 
M O U N T I N G - T ti r  d r a ft i n d u c e r  m a .,· be m o u n t H 1  C< n  VE· ' i : c a :  
h o r iz o nt v l  u r  i n c l i n e d  s rn o k e p 1 r• t  N O T E :  T h i s  i n d u ce r  m u st 
n o t  be u s e d  in s i d e w a l l  ve n t i n g a p p l i ca t i o n s  S i d e w a l l  
v�nt i n g  req u i res the u s e  of a T1ernl u n d  H S - S e r ie. s  '-'1 d u c f· r  I f 
u s e d  u r1 <> h o r 1z o '1t a l  s m 0 k e p i p e- m 0 u n t  1 n d t 1 Cf' '  o' ' .'C· '.L · ' '  cd 
p 1 i:.i e- n o t  on t o �· . t c 1 a v o i d c r e a t i n g a h e a ! t r a r• 1 n  1 n d u t  t · 1  C u :  
r e tl a n g u ! ;; r  s i o� i r1 p i p e  e1 n d  f a s t f n  1 n  p l a c f � 1 1 1 r t 1 (  u r ·. 1 : n �. 
b a n d �  p r 0 v ; d e d  ( t h e  M o d P I  D J 2  d o e !>  not r e q u 1 r f  :.. a : .c:- - u s t  
rr• o u n t 1 n g s c r e w �  p r o v  1 d e  d i  S e :  e c t a p o  s 1 t 1 C •  n t • "' : 1-.· E: ( r ,  
b a r o m e 1 r 1 c d r a f t  r e g u l a t o r or d i v e r t e r  a n d t r 1 t  r h 1 "  r. t ·,· 
l o c a t i n g  t h "'  i n d u ce r  as n e a r  ch i m n e 1· as p o s s 1 b l t- T t 1 t  m c•1 e > r  
s ha f t m u s :  b E  l e v e l  ar d h o r izc• n t a l t o  a v o i d  e x c e s � ivt  w f .: r  C·' 
be a r i n g s D o  n o: u s e  " h u l l h e a d "  t ee s w h t' r; c o n r, ;., .  1 • n e:  1 ''· ' '  
s mokep 1 oes toge t h e 1  \\'\' h e n t e e � are n e c e s s a r ,. C O !l' lt' C :  a1  
4 5 '  a ng le or  less' I f  c h ange i n  s mo k ep 1 pe s i H· i s  r e q �m e c:'  use 
tapered i n c r easer  or reducer .  

D R AFT C O N T R O L - T h e  deg re e o1 t h e  md u e;e d or af: pr ov!ded 
b 1· the A u t o - D r aft 1 nd u c e r ca n be v a r i e d  b i  t h e  exci  u �  ivf' Va r ; · 
D r a f t C o n t r o l  M o v i n g t h e  l e v e r of t h e  Va r i - D r a f t V> h i l t· 
o bse r v i n g rea d i n g s  w 1 1 h  a dr a tt g a u g e  w i l l  a l l o w  s e t 1 1 n g f o r  
m a x i m u m  d r a fl req u i r e d  " 
0 1 1  b u r n i n g  i n st a l l a t i o n s  a n d g a s - fj r e d  u n its  w 1 t h o u :  i:1 c r a f1  
hood s h o u l d  i n c- l u d e a ba r o met r i c  dr a ft reg u l a t o r T h i s  s !• :1 u i d  
b e  a dj u st e d 1 0  ba r e l y  close whe n  cond i t i o n s  req u 1 rE TT1 a � ; n · u rn  
e f f e ct of t h e  draf:  i n d u ce d T he b a r o m e t r i c  co n t r o l  w : l 1  t h e n  
ope n t o  reg u l at e d r a fl  a s  e xt e r n a l con d it i o n s c h a n g •  t o  l e s s e n  
effect req u i r ed b y  t h e  i n d uc e r  

T he M od t' I  DJ2 does n ot h ave lever adJUStment  o '  Vw : - D , ci ! t  
b u t  t h e i n d u c e r  cari  bf: r e m oved f r o m  t he s mo� e r i pl a n a t 'i e 
Va r i - D r aft blade bent by h a n d  

W h e n  Sf've r a l  he a t e r s . o r  a s i ng le hea1e1 wit h m e > r «  t t o (' :- o n <'  
smoke CJ u t l s 1  a 1 e  i ns t a l led 11 is pos� 1 b le t hat  d • ii ' t  r. i t i ·, var1  
wide ly ; 1 e a c h c• u t l f· I 1 1  t h i!; cond1t 1Cln e i u s t s  rest • 1 c t 1 o r;s  s � n :  
a s baff les o r  loci..ed da rr:i 1H• r s  m a y  b e  1 e q u 1 r e d  1 n  t• u l f t• t ! - w'wr t: 

h 1 g h e s :  d r a: 1  o c .:: u ' !· Fi t · '." '. '  : c 1 i r , ,;  � " ' : '  c; �1 t l f' : s  w i l l  i n c r e a s e  
d r a ! 1  1 r1 r t> m H 1 n 1 n g  l o r• ' l t' ' i : .. · ·  � 

F A N  P R O V E R  ( R e e; o m m t- n d l• d '  - l 1 . �.' .1 u ct 1on!  for m o u n t i ng 
P r c •VE' I  a r e  i:.i a c k e c  v • .  : : , t' • •  : ; - 1 · 1 t ·  
T l 1 t:· Twr n : u �1 r ;  F o r •  F i l \' ( . I . ,, :  l • !'' : d e- :, • S' ' i t• ::! l C• m o n 1 t D '  n : l  
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D U  

D w ye r  so l ic.J  pl .i s l ic port:iule manome
ters :ire preci�ion instru ments in in
cl ined and vert ical ( well-type ) styles 
for 1 he mcasurcmc:it  of static pressure., 
v:icuum or d i fTcrcntial  pressure. 

' 

To ass ure t h e nccur:icy requi red in in
s truments  of  this t ype, oil mach ining of 
horcs :i n d  well� is to the highest stand
:i rds of prec is ion backed by Dwyer's 
ye:i rs of experience in the Co brication 
of :i crylic i nstruments .  

Des ign and Service Feature s  
• 1 "  Thick Acrylic Plastic Body i s  a sol id 

block.  v i r t u a l l y  u n b r e a k a b l e ,  s t a b l e  end 

l r e e  of t h e  dan g e r  ol d istort ion.  
• Dri l led B o re Accurate lo :: .0002" are 

p e r m a n e n t ly l ree ol bends or  crooks .  
w i l l  n o t r e q u i r e  r e c � l i b r a t i o n  b e c a u s e 
of d i st o r t i o n .  

• S e l ected G a g e  O i l  w i t h h i g h  w c t a ti l l i l y  
c h a r a c t e r i s t i c s  lo r ms a co ns i s t e n t ,  well  
sha ped m e n i s c u s  lor  e a sy r e a d a b i l i l)'. 

• Adjustable Relle cllvc C h r o m e  Finish 

Scales w i t h thumbscrew Io c k  in  g for  
easy z e r o i n s .  

• Para l l a x -Free  R e a ding lor  m a ximum ac
c u r a c y  a n d  c o n s is t e n c �· i s  a c hieved b y  
s r m ply a ! r g n i n g  the meniscus  wi t h  i l s  
i m a G e  re! !ec i ed in t h e  p c l i s riec  a l u 
rr. i n u ;r. s � a : c . 

• S c rew Type Leve l ing Ad) us tmenl  f o r  i n ·  
c ! 1 r. c d  s : y l e  g a g e s  p r o v i d e s  r a p i d  a n d  
a : c u r a ! c  l cv r: l 1 r. s  w i t h  r c ! c r e n c e  t c  1 r. 
t c ; r a '  s c n � i \ 1 v c  g r c l.' r. d  ; 1 � !: :.  ': :..: �t· ! e  
l e v e l  

• F u r n i s h e d  C o m p ! c l e  w i 1 h a c c e $ 5 C r 1 e s  
a n d  p l a s 1 1 c c a rrying c 11 s e .  

LA S T I C  P O R TA B L E G A G E S  

Fig. 4 ·2. N o .  1 70 sol id plastic gage 

shewn on s t a n d  pro11i d e d  for al l  Dwyer 
portab l e  i n c l i n e d  gages.  M a g ;.ct lc  c l i p s  

u re  a i s :i  f u r n i s h e d  to p e r � i l  c a s�· m o u nt· 
ing o n  a n :,· vert ica l  stee l  s u r. a : e .  

F i t; .  ·� · l .  No .  1 00.5 s c l 1 d  
p : � s t 1 :  r: c rt a b l e  gage  w i t h  
. 1 0 · 0 · 1 .0 "  W. C .  r a n g e .  
S l i c -.... n , .. :u� c u r ry i n e  c J s e  

n r, d  stil r. C � r d  l' C c e s s orie s .  

F i g .  � -3 .  t . :  .. : -:: .; s o l i d  p i a s� 1 c  port a b l e  
vert ic � :  r.-. 2 c� :; -:. c t c �  s r. c w n  attached  to 
i n s i c c  c:' � � ' �/ ,. ;,  c : � c- ccver .  G a t; c  ma:,· 
a l s 0  be r e ""< ·. c '.!  f r :: :""\ C 3 s e  a n d  u s e d  i n  
sta c-; c'  r. r ;-- - �  '. - �  C "  ,' t". :> : h c d  t c  a r. y  ve r · 
tica i � � C t  � �: : f .: : c  v• . t �: m � g n e t i c  c l i p  
pre ,.; �"·  

S P E C I A L  P U R P O S E  P O R T A B L E  G A G E  K I T S  

�I 

�l 

.��� ·-

� . : - :"-:::.· r � .c.., � .... t; 

�_,.:. t ' . �)w��. 

N O .  400 
AIR 

VE LOCITY 

M ETER 

K IT 

D 1 1 :i l  sc:ilc i n cl i n cd-vcrt lc:i l  m :1 nomctcr  
1 r:ic ls  i 1 1 fret per m i n u t e  from 500 Fl 'M 
;rn cl i n ch e s  o f  w :1 t 1•r w i t h  0 . 0 1 "  \V . C .  
m i nor  d i v i � ions .  f u 1  n ishcd n s  :i complete  
\ i i S e c  l l u l l c t i n  NCI 1 1 - l <>O. 

... " 

N O .  1 02-AV and N O .  1 1 5-AV AIR V E LO CITY K ITS 

�- .: � 

Compl e t e  k i t s  include solid plnst lc g:i ges 
No. 1 0 2 or No. J 1 5  descr ibed n bovc 
with du:il sc:iles In feet p�r mln1 1 1 c  and 
lnclirs of  w:itrr  one! al l  ncccsso1 ic s  n c:ccs
s :i r y  (nr m c : u u r emcn t o !  � i r  ,·c l nd t y. Src 
H 1 i l l r t in  I !  - 1 00 for fu r the r  1 1 1 !P r 1 11 a l ion 

.. 

S E R I E S  VT- 1 7 0 A I R  
\'O � U M E  G A G E  KITS 

-
.. ----., 

� �\ ...... ,�, , �-.:: ,'�U-. • • - -- . "· t� ' .;;...; , _ _  :·.�- ; . .--: .., -- . · - a #..- ; .. .: £, 

Co1:1;i ! -.  : · · \ i ! "  f . - : 1 : � l' : " d 1· t c 1 m 1 n : 1 1 g  :i i r  
vcJ h i : 1 1 ." ·, � t' �1 · ! : : '. � ' l ! : �T n < n t 1 :i l  p l (· , , 1 1 ! 1 · 
o r r n � �  � 1 ? :  < 1 � i 1. L 1. H ' : l : : � �� co : ! �  u s. e  �.n .. : 1 : '  
N ri \" : . ! ·, . . .  : : , \ 'T- 1 7 1  :i 1 1 d  � :o  -, ·1 .  
1 7  � ! ! ' : 1 ' • '  I I :  I \ \  l ;-.· f ' (' t\ \ I  I l l  : I l l  � : , l 

J J .  I t  . ,  

.. 



R A N G E S  A N D  D I M E N S I O N S  
�', 1 ; ; l ; : \ r l 1 •  f \ 1 1  l 1 l t , 1 � j ' l l ' " "' i i l l  • � I l l  t 1 1 ) f) {J l l .' 1 �'. .  [ ( • ! / ', j 1 • ' l • l l t • i l  • : r j l l t i  1 :, 1 1 ' J • 

/\ ( t U I i l l ·' :" : ' , ,  1 1 f  f l l l l  > L· ; 1 � (  I ) 'f. l d 1 l l \ 1 1 d , • 1  } j ,"'1 1 1 1 J i :,� I 

A . 1 • 

i:Jf'Lc::=:=--�-� Ll 

.Ill -

Fig. 5· 1 .  

Fig .  5 ·2 .  

Mode l  
No. 

100 . ·. 
' 100.5 
' 10 1  
102 
102.!:i 
108 
109 
1 1 5 
1 70 
l 7 1  
l 7 2  

Mei.de I . N o .  
104 
1 04·6 
1 04-B 
1 04· 10 

- • • ""!"':--o � CL INED_ ,T;YP 
-- ... : . L .. • •• • •  - · � . 

R a n g e  . .' 
I: ' • o r .' ., 
"M inor: '2: _ . ... ... . "01��·n·5 1 on�· : . C a r ry lng Case  . 

. .. . 
· S c a l e:.' sC'iife' lnch < : 5  or  

.. y,'1.1 ' e r . 1-· D l v l s l o n ·s L o n'Q t h · . ; -A·, : · ·a .. . . 'Typo · D i m e n s i o n s · 

.'1 0.'o.1 .6 · ·· ·. , . · . , ., ._, .. , . . . . 
'' • · 02 ' I · , ., ·s�s �.· 

. 10·0· 1 ."6 . · .; •. :.:-:0 1" 3"'�· • •(". - .  .. ., ·e1;.• 

.os-o." .59 ' 1�61 ; ' :". · ·>;.· : I 

.20·0·2.0 . .  :02 ·: BW 

.20·0·2.0 .01 ���· 

. 5 0·0· ·.s o -'  • 02 . • '  5• . 

.20·0·3.0 : . ;02 
.. . ·:·s:1 ' ; . �· 

.05·0· ·. 2 5  .005 Ei' 
0·.50 .02 . 21h• 
0·.25 • ·. <0.1 , ;: . · . . 2'h' 
0·1 .0 . ' .02 . .  ·�W 

. . - .. 

VERTiCA�/i°XPE. 
· :

'Ra n ii a  � 
j:: . : ,:.·":·;: J · ' M i nor·, 

l n chu ol  : scale' : : 
· water . 0 1vtslons· 

O· 4 · <;io · . 
O· 6 '. 10 . ' 
O· 6 :  . .  10 . .  
0·10 :. ·.:1 0 ,. .:. 

. _ · . .  . ;::: ·· . .;. _  

: - · . ·. 

Se.ale ·: 
Le ri"gth . . . 

4'1.' 
1•1.· 
9' 

.'.l JI;�· . ' 

.' .,�:B% 
-�1 l 1Yi; 
" eYl . l l1h .-

1 2  
61Yi1  

1 1 1/z 
91;, 
s•;. 
s•;.· 

Ei¥a 

· ·· Pl11°�t lc · ' · 3� . 
: "P,1a·s·u c '  : · 21 Yu  

. 2Ya1 
". 4Y1 1 4 1h 

3� 
. ' 

s1Y11  
3Yu 
2Y11 
H'a 
2Y� 

' :P1asl i: 
· P.l11Stic 

Pla s t i c 
· Plastic 

Plast ic  
Pl11 slic 
Plasllc 
Pla s t ic 
P.t e s t i c  

. . 
1 2 1!. x ··· 61,;. l 1 '.� 
01 3 \12 x .1 0  x 2� 
1 2'!. x 61!. x 1 '.< . 
13 112 x 10  x 2¥. 
1 3'12 x l O x 2¥. 
1 21;. " 61,4 x p;. 

· 1 31/2 x l O x 2% 
1 21;. x 61!. • l •;. 

7 x 9  
7. x 9 
7 x 9  

: ·oi;nensl.ons ... . . . . • . - . : Czlrr)' l ng  Crise 
·:·c · 

· . o  
31Vi1 es;. 
4Yi1 . 1 0¥1 ·. 
4% ' 13Yi1 
��\. . - . .  1 5.'.4 

. .  
�Type  : .. D imens ions  
. Ph i s  lie ·1 2 1,� " 6V. ,. rn 

• . f'.l a st ic  1 3 'h, x 10 x 2.Y, 
Meta l  l BY.i x 4� x 2 1.4 
Mol:i l  ·1 81,� I( 4� I( 21;. ' . 

Wel9h t  
l b � · O Z  • 

3 . 7 
!:.. · 1 
3 . 5 
5. 9 
5 - 1 0  
3 .  7 
6 
3· 1 0  
I · 7 
l · 6 
l · 9 

We igh t  l b S · O :  . 
3 · 0 
(. s 
1: · l 2 
,, 1 5  

STA NDARD ACCESSORIES : plas l ic  or steel carrying case ,  
( excep t 1 7 0 ,  1 7 1 ,  nnd 1 72 which inc lude pl:ist ic .pouch ) pai.r 
of mngnetic mounting cl ips, two m,olded nylon tubing cor.nec·  
tors, n1pid shu toff type, one ·9• length. rubber tubing and one 
brn ss tcrm innl  tube,  cx!rn bott le  of . 826 sp. gr. red g a g e  ci l . 

3 TA N D A R D E Q U I P M E N T  F O R  S O L I D  P L A S T I C  P O R T A B L E  M A N O M E T E R S 

M O L D E D  N Y LO N  

R A P I D  S H UT O F F  

T U B I N G  C O N N ECTO R S  

'"���r��· 
i· : -� -..u< '�: :;';. �� ; 

· ': �.�· ; � ·. ; .. . . ..,. . "'=-'· !....:.. ft.:.� • .; j--
·H. - � 

:;;.: I 0 

- �  ' , .Jmj 
11; 5 3. E • r l u s i v c  D wy e r  l c .i k · n r o o l ,  c o r r o · 
1 o :i - p r n 0 ! .  •· 1 rt u J l ! y  u n ti r c ::! �  J l.l l c  m e l d e d  

1 y ! o r.  c o n n c � t ::: r r c q u • r c s  j u s t  o n !'  c o u n t e r  
l oc � w i s r t u r n  l o  o r e n ,  o n e  c l o c �w i s c  t u r n  

a c l c: H . n o : J l 1 n E  c o n r. c � t o r  s e J : s  o n  0 
i n f.  f o r  ;:i � s '.1 l u t c  c l o s u rr J n d  i s  O· r i n E 
c ,i ! !' <I a t  t 0 n  C c rn n c c t o r  � 0 o y  is 11 l s o  0 
, ,, ,, s c a l c r1 a n d  is e ;i � o l y  re moved f o r  
l c ,i n 1 n r.  C H  ...i c1 c1 1 1 1 (\  f l l J 1 ( �  

M A G N ECLIPS 

FOR S P L IT S E C O N D  M O U NTI N G  

O N  A N Y  STE E L  S U R FACE 

.I. •'"l '-:��:�- ' ·4f 
J ... ·s··� ·�· ' . � - · � ... ·., ...... :?c . ]'"I 

l n 
="I 

l!m · 

.� 

r 1 r, .  5 :\ Dwy e r  m o u n l i n E  m a g n e t s  a r c  

a t \ J � h e d  t o  a l l  Dwye r s C\ : i d  pla s t i c  i n ·  
c: l 1 n e d  p o rt a b l e  g J f e �  ( l e f t ,  ;i b o v c )  a n d  

f u r n i s t1 c d  llS c l i p s  t h a t  c a n  br M t a c h c d  
l o  a l l  Dwy e r  s o l i d  p l a s t i c vert i c a l  port a b l e• 
g � g e s  ( r ig h t .  a b o ve ) .  J u s t  touch t h e  m a g · 
n e t s  t o  1 n y v e rt i c a l  s t e e l  s u r face ;  E •1 E e  
w i l l  " s l ;i y  p u t "  u n t i l  i t  Is  f o rc i b ly <l c t J r h c cl .  

H I G H  D E N S I T. Y  P O L Y E T H Y L E N E  

� F O A M  L I N E D  

C A R R Y I N G  C A S E S 

F i r. � � t.'. 0 s l  Dw yer  p o r l ;i ::> l t· ( J I: <' �  , , . r  1 1 1 •  

n 1 s l 1 e d  w i t h  C iH r y 1 n g  C .'.J !. C � c f  f 1 1 [ �1 0 (' n S. d )  
pol ) c O·. y l c n c  t.l c- d c l �  1 04 - 8 !'. I 0� - 1 r, '"' "' 
s l r- <' I  r .1 •. r s . F C> ·  n r o t c c t 1 C" n  01 1 11 1· l: ·\ I ' ' '  � " '1 
., c r � � HH l l ' � .  t'·J ! h  p l l' s. t • ' :-i n d  � l l· r l  t ,l ·� • · ">  ,., , ,  
l t rH• d w i t h  r r s d 1 r 1 1 I  r o l y u r t.• Pl ,l n t• p l ,, \ l t i' l t 1 ,i 1 1 1  
N o �  1 H i ,  1 7 1  �- 1 7 i 1 n c l u cJ r p l 11 � \ 1 (  1 •0 1 1 c h 

/l, 



APPEND I X  4 :  

DETA I LED RESULTS FOR TEST S ER I ES 1 - BACKDRAFT TEST I NG 

TABLE 1 EFFECT OF DEPRESSUR I ZAT I ON ON CH I MNEY  FLOW 

Co n v e n t i o n a l b u r n e r  f a n  a d j u s t e d f o r  1 . 2 5 USGPH n o z z l e ,  n o  o i l C l ow .  

P r e s s u r e  
( Pa )  

0 
4 
6 
8 

1 0  
1 2 
1 4  
1 6  
1 8 
2 0  
2 2  
2 4  
2 6  
3 0  
3 5  
4 0  
4 5  
5 0  
5 5  
6 0  

l i m i  t o f  mn n ome t e r  

T e s t 1 1 : 3 0 t o  1 2 : 3 0 

T i me t o  Re v e r s e  F l ow 
S e c o n d s  

n o  ba c k d r a  C t  
n o bR c k d r a f t 

0 
1 I 4 

1 / 4  
1 / 2  
1 / 2  
1 I 2 
1 / 2  
3 / 4 
1 I 2 
1 I 2 
1 I 2 
1 I 2 
1 /  2 
3 / 4  
l / 2 
1 / 2  
1 / 2  
1 I 2 

Da t e  o f  T e s t :  J a n u a r y  2 8 , 1 9 8 7  

I n t e r i o r T em p e r a t u r e :  2 1 ° c 

T i me 1 2 :  0 0 

Ex t e r i o r T em p e r a t u r e  0c - 1 1  

W i n d  S p e e d * k p h  1 5  

1 3 : 0 0 

- 1 0 

1 9 

T e s t 1 3 : 3 0 

T i me t o  S t o p Sp i l l a g e  
S e c o n d s  

n o  s p i l l a g e  
n o  s p i l l a g e  
n o  s p i l l a g e  

7 
s p i l l a g e 
s p i l l a g e 
s p i l l a g e 
s p i l l a g e  
s p i l l a g e  
s p i l l a g e  
s p i l l a g e  
s p i l l a g e  
s p i l l a g e 
s p i l l a g e  
s p i l l a g e  
s p i l l a g E:'.  
s p i l l n g e 
s p i l l a g e  
s p i l l a g e 
s p i l l a g e  

1 4 : 0 0 

- 1 0  

1 9 

* a t  w e a t h e r  s t a t i o n .  No w i n d  o b s e r v e d  o n  s i t e . 

1 

... ... 



EFFECT OF HOUSE DEPRESSURIZATION ON FLOW VELOCITY 

F l ow 1 me t e r a bo v e  br e e ch . No o i l f l ow .  

De p r e s s u r i z a t i o n F e e t / M i n Bu r n e r  F a n  
( Pa )  

0 1 0  t o  2 0  OFF Na t u r a l  D r a f t  

0 8 0  t o  1 0 0  ON 

5 7 0  t 0 9 0  ON 

1 0  4 0  t o  5 0  ON 

1 5  3 8  t o  4 2  ON 

2 0  2 5  t o  2 8  ON 

2 5  1 8 1. 0 2 0  ON 

3 0  1 0 t o  1 2  ON 

3 5  1 0  ON 

4 0  5 t o  7 ON 

4 5  3 ON 

5 0  1 t o  2 ON 

5 5  0 t 0 2 ON 

6 0  0 t o  2 ON 

6 5  0 ON F l ow R e v e r s a l  

7 0  O t o  - 1 0  ON 

7 5  - 5  t o  - 1 2  ON 

8 0  - 1 5  t o  - 3 0  ON 

8 5  - 3 0  t o  - 5 0 ON 

2 

·-
__; 

; 



TEST S ER I ES 2 - STAT I C  PRESSURE TESTS 

Ob j e c t i ve 

T h i s  s e r i e s o f  t e s t s  w a s d e s i g n e d  t o  r e p e a t M o f f a t ' s  
p r e s s u r e  m e a s u r e m e n t s o n  t h e o i l b u r n e r  f a n . I t  w a s 
b e l i e v e d  t h a t  t h e s t a t i c  p r e s s u r e  a c h i e v e d  b y  t h e b u r n e r  f a n  
w o u l d  i n d i c a t e  t h e d e g r e e  t o  w h i c h t h i s  o p t i o n wo u l d  a d d r e s s  
v e n t i n g f a i l u r e .  

I n  t h i s  s e r i e s o f  t e s t s  t h e f l u e w a s b l o c k e d  a n d  t h e 
p r e s s u r e  i n d u c e d  b y  t h e b u r n e r  f a n  a n d  i n d u c e d  a i r f a n  w a s 
me a s u r e d o v e r t i me w i t h  a ma n om e t e r a n d  s t o pwa t c h a t  P o i n t B 
( d ow n s t r e a m  f r om b o t h  f a n s ) .  T h e s e t e s t s w e r e c o n d u c t e d t o  
d e t e r m i n e : 

( a ) t h e t i me r e q u i r e d t o  r e a c h ma x i mum f a n  e f f e c t i v e n e s s i n  
o r d e r  t o  d e t e r m i n e  t h e o p t i m um l e n g t h o f  d e l a y f o r  t h e 
s o l e n o i d v a l v e ;  a n d  

( b ) t h e ma x i m um p r e s s u r e  e a c h  f a n  wa s c a pa b l e o f  p r o d u c i n g 
a s  a c om p a r i s o n  o f  r e l a t i v e p o w e r o f  t h e f a n s  a n d 
a b i l i t y t o  o v e r c om e  n e g a t i v e p r e s s u r e .  

S unma r y  o f  Re s u l t s  

... 

T h e m a x i m u m s t a t i c  p r e s s u r e  a c h i e v e d  b y  t h e c o n v e n t i o n a l 
b u r n e r  o f  1 9 . 5  P a i s  w e l l  b e l o w t h a t  m e a s u r e d b y  M o f f a t  i n  
h i s  t e s t s a c h i e v i n g 3 0  Pa . H i g h e r r e s u l t s  w e r e e s t a b l i s h e d  
b y  t h e h i g h p r e s s u r e  b u r n e r . 

l A : A l l b u r n e r  f a n s  o b t a i n  2 / 3  m a x i m u m  p r e s s u r e  w i t h i n  t h e 
f i r s t 1 0  s e c t i o n s  o f o p e r a t i o n .  

1 B :  T h e  ma x i m um p r  e s  s u r e d e  v e 1 o p e d  i s h i g h l y d e p e n d  e n  t o n  
s u p p l y a i r  a s  d e t e r m i n e d b y  n o z z l e s i z e a n d  t h e a s s o c i a t e d 
a d j u s t m e n t o f  t h e a i r s u p p l y d a m p e r . 

l C : T h e  p r e s s u r e  o f  t h e d r a f t  i n d u c i n g f a n  i s  d e p e n d e n t  o n  
t h e  b u  r n e r  ( d e  s p i t e t h e  p r  e s  e n c  e o f a n  o p e r a t i n g b a r om e t  r i c 
d a m p e r ) .  T h i s  m a y m e a n  t h a t  t h e d r a f t  i n d u c i n g f a n  c o u l d  
a f f e c t  b u r n e r  p e r f o r ma n c e . 

l D :  Wh e n  b o t h  b u r n e r  f a n  a n d  d r a f t  i n d u c e r  f a n  a r e  w o r k i n g  
t o g e t h e r , d i f f e r e n c e s d u e  t o  b u r n e r s  d i s a p p e a r . T h i s  wo u l d  
b e  t h e t y p i c a l  mo d e  o f  o p e r a t i o n i f  a d r a f t  a s s i s t i n g f a n  
w a s i n s t a l l e d .  A d r a f t  a s s i s t i n g f a n  w i t h  a b u r n e r r e a c h e s  
2 / 3  o f  ma x i m um p r e s s u r e  w i t h i n 1 0  s e c o n d s . Th i s  i n d i c a t e s 
t h a t  a r e c onrn e n d a t i o n t o  u t i l i z e t h e i n d u c e d  d r a f t  f a n  wo u l d 
b e  a c c o m p a n i e d b y  a r e c o mm e n d a t i o n t o  u s e i t  w i t h  a b u r n  
d e l a y s u c h  a s  o f f e r e d  b y  a d e l a y e d  a c t i o n s o l e n o i d  v a l v e .  

3 
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Te s t Re s u l t s  

N o t e :  T h e b u r n e r s  a r e  n e v e r  f i r i n g i n  t h e s e  t e s t s . O n l y  
t h e f a n s  o f  t h e b u r n e r s  a r e  u s e d . P r e s s u r e  i s  m e a s u r e d a t  
P o i n t  B .  

TEST 2A - Bu r n e r  Fan On l y  

Co n v e n t i o n a l 
B u r n e r  

I n d u c e d  
P r e s s u r e T i m e 

( Pa )  ( s e c )  

1 1 .  0 
2 1 .  7 

3 2 . 4 
4 2 . 9 

5 3 . 9 
6 5 . ] 
7 6 . 2 

8 9 .  1 

9 1 1  . 8 

9 . 5  ma x 1 5 .  6 

H i g h P r e s s u r e  
B u r n e r 0 • 9 5 No z z l e 

P r e s s u r e T i me 
( Pa )  ( s e c )  

1 2 .  2 
2 3 . 5 

3 3 . 8 
4 4 . 4  

5 5 . 6 

6 6 .  1 

7 6 . 8  

8 7 • 5 
9 8 .  3 

] 0 1 0 .  0 
1 1 ] 1 . 9 
1 2 ] 2 • 'i 

1 3 1 6 . 0 
1 4 1 9 .  0 
J 5 z 6 . 6 

1 5 . 5  ma x 

H i g h P r e s s u r e  
B u r n e r 0 ' 6 0 No z z l e 

P r e s s u r e  T i m e  
( Pa )  ( s e c ) 

1 3 .  7 

2 6 . 3  

3 1 ] • 4 

3 . 9  ma x 3 0 . 2  

I n  t h i s  t e s t t h e h i g h p r e s s u r e  b u r n e r  w a s t e s t e d w i t h  t w o 
d i f f e r e n t n o z z l e s . N o t e t h a t  t h e b i g g e r  n o z z l e a n d  t h e 
a s s o c i a t e d b i g g e r  a i r  s u p p l y i n c r e a s e s t h e p r e s s u r e  
d r a s t i c a l l y .  

4 
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TEST 2 8  - Dr a f t  I n d u c e r  On l y  

N o t e :  T h e  h i g h e f f i c i e n c y b u r n e r  h a s a n  a u t om a t i c  a i r  d a m p e r 
w h i c h i s  c l o s e d w h e n  t h e b u r n e r  f a n  i s  n o t  o p e r a t i n g .  T h e  
b a r om e t r i c  d a m p e r wa s o p e r a t i n g i n  b o t h  c a s e s . 

I n d u c e d  
P r e s s u r e  

( Pa )  

1 
2 

3 
4 
5 
6 
7 
8 

9 

1 0 
1 1  
1 2 

1 3 

1 4  

1 5 
1 6  

1 7  

1 8  

1 9 

2 0  

2 1  

2 2  
2 3  

C o n v e n t i o n a l  
B u r n e r  No t W o r k i n g 

T i  me ( s e c ) 

3 • 7 
4 .  2 

4 . 9  
5 . 4 
6 . 2 

6 . 7  
7 • 5 
7 . 9 

8 . 2  

8 . 9  

9 .  9 

1 1  . 2 

1 3 . 8  

1 5 .  l 
1 6 • 1 * 
2 2 . 2  

H i g h  P r e s s u r e  
Bu r n e r  No t W o r k i n g  

T i  m e  ( s e c ) 

3 . 4  3 .  5 
4 .  1 4 . 3  
4 . 9  4 . 9 

5 . 4  5 .  1 
5 .  7 5 . 7  
6 . 4 6 .  4 
6 . 6  6 . 7  
7 . 1 7 .  4 
7 . 9 7 .  9 

8 .  1 8 . 2 

8 . 5  8 . 7  

1 0 . 3 8 . 9  

9 . 6 1 0 .  0 
1 1  . 1 1 1  . 4 
1 0 . 6  1 1 .  9 

1 2 .  4 1 3 . 6 
1 2 . 9  1 3 .  2 
1 4  . .  ) 1 4 .  7 

1 5 .  3 1 6 .  2 
l 6 .  7 1 8 .  5 

1 7 . 6 1 8 .  8 
1 9 .  3 * 2 5 . 9 
2 6 . 9  

S t e a d y  s t a t e :  c o n v e n t i o n a l b u r n e r  = 1 6 ! 0 . 5  Pa ( f l u c t u a t i n g )  

S t e a d y  s t a t e :  R i e l l o b u r n e r  = 2 4  ! 0 . 5  Pa ( f l u c t u a t i n g )  

*
me a s u r em e n t  i s  t h e a v e r a g e o f  3 r e a d i n g s  

N o t e :  T h e  s i g n i f i c a n t  d i f f e r e n c e , g i v e n  t h a t  t h e s a m e  f a n  i s  
t e s t e d  i n  b o t h  c a s e s , w a s n o t e d . T h e  r e p e a t t e s t  w i t h  t h e h i g h 
p r e s s u r e  b u r n e r w a s r u n t o  v e r i f y p r e v i o u s t e s t  r e s u l t s . I t  i s  
c o n j e c t u r e d t h a t  t h e d i f f e r e n c e  i n  p r e s s u r e  i s  d u e  t o  v a r y i n g a i r  
t u r b u l e n c e a t  t h e b a r om e t r i c d am p e r .  

5 
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TEST 2C - Bo t h  Fa n s  Ope r a t i n g S i mu l t a n e o u s l y  

I n d u c e d  
P r e s s u r e  

( Pa ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5 
1 6  
1 7 
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5 
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  

D r a f t I n d u c e r  
a n d  

C o n v e n t i o n a l B u r n e r  
T i  me ( s e c )  

2 .  6 0 

3 .  3 2 

4 . 0 3 

4 . 6 0 

5 .  5 7 

6 . 2 1 

6 .  B 5 

7 . 8 0 

8 • 5 6 

1 0 . 4 8 
9 . 9 8 

1 1  • 0 3 
1 2 . 4 5 
1 4 • 1 3 
1 6 .  3 4 
2 1 . 2 1  
2 2 . 6 8 

6 

D r a f t  I n d u c e r  
a n d  

C o n v e n t i o n a l B u r n e r  
T i  me ( s e c ) 

2 . 5 6 
3 .  3 1  
3 .  8 5  
4 .  3 5 
4 .  7 3 
5 .  1 5  
5 . 5 4 
5 . 8 3 
6 .  0 0  
6 . 3 9 
6 .  8 8  
6 . 8 9 

7 .  8 1  

8 .  5 5 

9 . 1 8 

9 . 6 0 

1 0 . 7 5 

1 ] . 8 7 

1 2 . 9 4 

] 4 • 1 5 

1 6 .  8 8 

1 9 .  4 1 



TEST SER I ES 3 - SP I LLAGE TEST I NG  

TEST 3A- 1 - Co l d  Ch i mn e y , O i l Bu r n e r s  No t F i r i ng 

P r e s s u r e  a t  Wh i c h Sp i l l a g e wa s Obs e r ved ( Pa )  

Ob s e r va t i o n 
P o i n t 

C o n v e n t i o n a l B u r n e r  H i g h E f f i c i e n c y B u r n e r  

C r o s s - o v e r  S p i l l a g e  C r o s s - o v e r  S p i l l a g e  

--- --------

Co n d i t i o n 1 : ---------

P o i n t  A 
B 
c 

Co n d i t i o n 2 : ---------

P o i n t A 
B 
c 

Co n d i t i o n 3 : -- - -- --·--

P o i n t A 
B 
c 

Co n d i t i o n 4 : - - -------

P o i n t A 
8 
c 

N o  f a n s  o n  

5 
5 
5 

B u r n e r  f a n  o n l y  

1 
1 

6 
6 
5 

4 
2 
2 

I n d u c e d  d r a f t  f a n  o n l y  

3 0  
1 1  
2 9  

B o t h  f a n s 

1 8  
5 

1 8  

o n  

3 5 
1 5 
3 3  

2 4  
1 3 
2 6  

2 3  
5 

3 0  

l 8 
] 

2 3  

6 
4 
7 

l 
1 
3 

2 8  
8 

3 5  

2 3  
7 

3 1  

N O T E : I n  s o m e  c a s e s , p a r t i c u l a r l y  C o n d i t i o n # 2  o n  t h e 
c o n v e n t i o n a l b u r n e r , i t  w a s d i f f i c u l t t o  d i f f e r e n t i a t e  b e t w e e n  
c r o s s - o v e r  a n d  s p i l l a g e ,  i . e . , s p i l l a g e o c c u r r e d a l m o s t 
i nme d i a t e l y .  

Da t e  o f  T e s t :  !\1a r c h  2 4 ' 1 9 8 6  
I n t e r i o r T em p e r a t u r e :  '.! 1 .  o 0 c  

8 
6 
9 

2 
2 
7 

T i me 9 :  0 0 1 0 : 0 0 1 1 : 0 0 1 2 : 0 0 1 3 : 0 0 1 4 : 0 0 1 5 : 0 0 1 6 : 0 0 1 7 : 0 0 

E x t e r i o r 
T em pe r a t u r e :  

0c - 2 . 5  

W i n d  S p e e d : 
k p h  1 5  

- 1 .  1 0 l .  5 

1 9  1 9  1 9 

7 

... 

2 . 6 3 . 4 3 . 2 2 . 9 1 . 3 

1 5  1 9 l 9 2 2 1 5  

... 



TEST 3A- 2 - Co l d  Ch i mn e y , O i l Bu r n e r s  No t F i r i n g 

P r e s s u r e  a t  Wh i ch Sp i l l a ge wa s Obs e r v e d  ( Pa )  

O b s e r i.· a t i o n 
P o i n t  

Co n v e n t i o n a l Bu r n e r  H i g h  E f f i c i e n c y  B u r n e r 

C r o s s - o v e r  S p i l l a g e  C r o s s - o v e r  S p i l l a g e  

Co n d i t i o n 1 :  N o  f a n s  o n  

P o i n t A 
B 
c 

Co n d i t i o n 2 :  

Po i n t  A 
B 
c 

Co n d i t i o n 3 :  

P o i n t A 
B 
c 

Co n d i t  i o n 4 :  

P o i n t  A 
B 
c 

1 
0 
1 

Bu r n e r  f a n  o n l y  

0 
1 
0 

2 
1 
2 

1 
1 
1 

I n d u c e d  d r a f t  f a n  o n l y  

2 5  
5 

1 9  

B o t h  f a n s 

1 6 
4 

1 2 

o n  

3 0  
1 0 
3 0  

1 8 
1 1 
1 6 

5 
2 
5 

3 
1 
1 

2 4  
1 

2 8  

1 8 
1 

2 4  

7 
3 
6 

4 
2 
1 

3 1  
1 5 
3 2  

2 3  
1 4 
2 8  

N O T E : I n  s o m e  c a s e s , p a r t i c u l a r l y  C o n d i t i o n # 2  0 n  t h e 
c o n v e n t i o n a l b u r n e r , i t w a s d i f f i c u l t t 0  d i f f e r e n t i a t e  b e t w e e n  
c r o s s - o v e r a n d s p i l l a g e , i . e . , s p i l l a g e o c c u r r E· d a l m o s t 
i mne d i a t e l y .  

Da t e o f  T e s  t : Ap r i 1 1 . 1 9 8 6 

I n t e r i o r Temp e r a t u r e :  2 1 . 0 ° c  

T i me 9 : 0 0 1 0 : 0 0 1 1 : 0 0 1 2 : 0 0 1 3 : 0 0 1 4 : 0 0 1 5 : 0 0 1 6 : 0 0 1 7 : 0 0 

Ex t e r i o r 
Tem p e r a t u r e :  

OC 6 . 2  

W i n d  S p e e d : 
k p h  1 3  

6 . 8 

c 

7 . 5 7 . 6  

1 3  1 3  

8 

9 . 0  9 .  1 9 . 5  9 . 2 1 0 .  0 

1 5 1 5  1 5 1 5 2 2  



" 

Ob s e r v a t i o n 
P o i n t 

TEST 3 8 - 1 - Ho t Ch i mn e y
* 

P r es s u r e  a t  Wh i ch Sp i l l a ge wa s Obs e r ved ( Pa )  

C o n v e n t i o n a l B u r n e r  R i e l l o  B u r n e r  

C r o s s - o v e r  S p i l l a g e  C r o s s - o v e r  S p i l l a g e  

Co n d i t i o n 1 :  

P o i n t A 
B 
c 

Co n d i t i o n 
- - --- ·- - - -

P o i n t A 
B 
c 

2 :  

C o n d i t i o n 3 :  -- - ------ -

P o i n t A 
B 
c 

C o n d i t i o n 4 :  
- - - - ---- - -

P o i n t A 
B 
c 

B u r n e r  o f f ,  d r a f t  i n d u c e r  o f f 

B u r n e r  

1 
1 
3 

1 0  
., I 

1 2 

B u r n e r  

1 2 
4 

2 7  

B u  1· n e r· 

l 5 
2 1 
2 1  

f i r i n g ,  d r a f t  

4 
5 
5 

i n d u c e r  

1 4  
9 

1 7  

0 f f ' d r a f t  i n d u c e r  o n  

2 0  
1 0 
3 :3 

f i r i n g .  d r a f t i n d u c e r 

2 ]  
2 7  
3 3  

o f f  

o n  

4 
3 
8 

7 
1 

l 2 

2 2  
0 

3 1 

1 5 
'} ... 

2 1 

6 
6 

1 0  

1 0 
7 

2 0  

3 0 
1 4  
3 8  

2 3  
1 5 
3 2  

*
T h e  b u r n e r  wa s o p e r a t e d w i t h  o i l f o r  f i f t e e n  m i n u t e s t o  w a r m  t h e 

c h i mn e y  p r i o r t o  t e s t i n g . 

Da t e  o f  Te s t :  '.Vla r c h 2 5 ' 1 9 8 6  

I n t e r i o r T em p e r a t u r e :  2 1 . 0 ° c  

T i me 9 :  0 0 1 0 : 0 0 1 1 : 0 0 1 2 : 0 0 1 3 :  0 0 1 4 : 0 0 1 5 : 0 0 1 6 : 0 0 1 7 : 0 0 

E x t e r i o r 
T em pe r a t u r e :  

OC - 8 . 8  

W i n d  S p e e d : 
k p h  2 8  

" 

- 8 . 2  - 7 . 7  

2 8  2 8  

- 6 . 8 - 6 .  6 - 5 . 6  - 5 . 0  - 4 . 0 - 3 . 4 

2 8  2 4  1 9  1 5 9 7 

9 
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Ob s e r v a t i o n 
Po i n t 

• • 
TEST 38- 2 - Ho t Ch i mn e y  

P r e s s u r e  a t  Wh i c h Sp i l l a g e  wa s Obs e r v e d  ( Pa )  

C o n v e n t i o n a l B u r n e r  R i e l l o  B u r n e r  

C r o s s - o v e r  S p i l l a g e  C r o s s - o v e r S p i l l a g e  

Con d i t i o n 1 :  

P o i n t  A 
B 
c 

C o n d i t i o n 2 :  

P o i n t A 
B 
c 

Co n d i t i o n 3 :  

P o i n t A 
B 
c 

C o n d i t i o n 4 :  

P o i n t A 
B 
c 

B u r n e r  o f f , d r a f t  i n d u c e r  o f f 

Bu r n e r  f i r i n g ,  d r a f t  i n d u c e r  

3 5 
0 3 
3 9 

B u r n e r  0 f f '  d r a f t  i n d u c e r  o n  

1 8 2 9  

B u r n e r  f i r i n g .  d r a f t i n d u c e r  

5 l 8 
') 1 0 .. 

1 1  1 9 

0 f f  

o n  

5 
1 
3 

4 
0 
3 

1 8 
4 

2 7  

1 2 
2 

1 ) 

6 
5 
5 

8 
3 
9 

2 9  
1 0 
3 5  

2 0  
1 0 
1 9 

*
T h e  b u r n e r  w a s o p e r a t e d w i t h  o i l f o r  f i f t e e n  m i n u t e s  t o  wa r m  t h e  

c h i mn e y p r i o r t o  t e s t i n g .  

Da t e  o f  Te s t :  Ap r i l  2 ' 1 9 8 6  

I n t e r i o r T emp e r a t u r e :  2 i .  o 0 c  

T i me 9 : 0 0 1 0 :  0 0 1 1 : 0 0 1 2 : 0 0 1 3 : 0 0 1 4 :  0 0 1 5 :  0 0 1 6 : 0 0 1 7 : 0 0 

Ex t e r i o r 
Temp e r a t u r e :  

OC 8 . 4  

W i n d  S p e e d : 
k p h  2 4  

1 0 .  2 1 1  . 7 

2 2  2 4  

> 

1 3 .  0 1 4 .  1 1 3 . 8  1 4 • 0 1 1 . 6 9 . 0  

1 9  1 9  2 8  1 3  2 2  1 9  

1 0  



APPEND I X  5 :  

TEST SERI ES 4 - DETA I LED TEST RESULTS OF THE 
DAMPERLESS , I NSULATED FLUE W I TH H I GH PRESSURE BURNER 

T e s t W e a t h e r  Da t a  a p p l i e s t o  a l l  S e r i e s 4 t e s t s . 

Da t e  

L o s i e r b e f o r e Ma r c h 2 0  

Lo s i e r a f t e r Ap r i l  1 

P i e r c y b e f o r e M a r c h 2 3  

P i  e r  c y a f t e r Ap r i l 1 1  

I n t e r i o r 
T em p e r a t u r e  

oc 

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

1 8 

1 8  

1 8  

1 8  

E x t e r i o r 
Temp e r a t u r e  

oc 
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