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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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EXECUTIVE 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-term commercialization. The project was one of three projects conducted by
a muln-disciplinary team of scientists and engineers to investigate combustion venting

remedial measures for several types of combustion appliances. The research represents one
sub-project in an overall project to investigate residential combustion venting failure.

Three remedial measures for 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 bumer. 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. 1In 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 - an early progress report providing the
rationale for Solsearch’s choice of
measures to investigate

Appendix C - Solsearch final report

The results reported in the final report are summarized here.

The combustion venting system of an o0il 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

produced 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

PAGE 3 SUMMARY OF RESULTS
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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 o0il 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 o0il 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 offset 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 Consortium 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 65% 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 - masonry
chimneys with
under-sized
metal liners

- post-1975 houses - houses with three or
more exhaust fans

- one storey houses - houses with two open
masonry fireplaces

- exterior chimneys - 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 -

refinements to algorithms

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

O0O0O

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
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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
"Chimney 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 NOj, 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-FIRED APPLIANCES 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 OIL-FIRED APPLIANCES
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 backdrafting 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 COMMUNICATIONS 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. 1In 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 these 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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PROJECT 5: REMEDIAL MEASURES RESEARCH; Oil Combustion Units

1.0 IDENTIFICATION OF PRIORITIES

The Atlantic Region is one of the last areas where a major
percentage of residential heating is still provided by oil
appliances. Aside from improvements in burner hardware and flue
construction techniques there is little research into remedial
measures for these existing units. This is due primarily to the
fact that the majority of houses, those built prior to 1975,
seldom have combustion venting failure. (Although in older homes
there is often evidence of spillage or puffing at start up not
considered as venting failures.) 1In the case where houses built
within the last ten years have failed backdraft tests, the
homeowners are either unaware of the venting failure in their
homes or accept these conditions as consequences of new
insulation and building practices. Further, the burner service
industry is not addressing these problems because of the lack of
tested remedial measures and products available to them.

Our initial research into remedial actions for oil fired
appliances centers on these five areas of work:

1. Combustion air supplied directly to the furnace or
boiler.

2. Pre-purge cycle for residential applications utilizing
either the burner fan or external draft inducers to
overcome venting failure.

3. Exhaust appliance prioritization using electrical
interlocks with combustion equipment.

4. Sealed combustion appliance systems. These systems
include new burner and flue technology.

5. Spillage and backdraft alarms

Of these five the combustion air supply (1) and the sealed
combustion system utilizing a forced draft burner and an
insulated and downsized flue liner (4) were identified as two
priority remedial actions for oil fired combustion units by
resource personnel. These two areas of development have received
the most study to date:

Several air supply systems for combustion appliances are
available in the marketplace. Sealed combustion units are
being aggressively marketed by at least two major oil
companies. As well, these new burner systems have prompted
a significant amount of research into insulated flue and cap
design and flue sizing.



Combustion Air supply should be considered as a priority
recommendation in homes with venting failures. We have
installed a number of these devices as & result of previous
backdraft testing. We will be very interested to see SRC's
work in this area.

Electrically interlocking combustion appliances with exhaust

equipment (3) and Spillage and backdraft alarms (5) were considered
important as low cost safety options:

Moffat's work using a relay to shut down the furnace burner when
powerful exhaust fans are in use is a failsafe approach to
venting failure problems caused by the simultaneous use of
exhaust appliances. This method is well documented and the
technologies for installation are easily accessible.

We have seen several alarm devices for gas combustion
appliances and we expect that these devices will shortly be
available for oil fired appliances as well.

Pre-purge cycle for residential oil systems

In consultation with Rod Arsenault of Holland College, we
propose to look more closely at pre-purge cycles (common to
commercial boilers) as they might be applied to residential oil
heating equipment. In commercial burners this cycle establishes
positive draft prior to combustion utilizing the forced air
burner fan . In discussions with others there was some
ambivalence about the burner fans ability to overcome
backdrafting. Previous work by Moffat on one furnace indicates
that cold furnace (no combustion) pressure measurements at the
breech were consistently 30 pa. (.12" water) with the burner fan
operating. We found this figure intriguing because if it is
repeatable on other furnace makes, pre-purge cycles could be
utilzed as a remedial measure to overcome backdraft prior to
furnace startup.

The research will involve testing and analysis of two remedial
actions concerning Pre-purge cycles:

1. Testing and Assessment of the burner fan's ability to
establish significant pressure to overcome backdrafting
when utilizing a delayed action solenoid.

2. Testing and assessment of pressures developed by
induced draft kits interlocked with furnace burner and
/or exhaust appliances.



Justification of Priorities

Usefulness and repeatability of the remedial measure:

Pre-purging cycles are commonly used in commercial boilers
to overcome backdrafting prior to ignition. Conceptually

this technique is transferable to residential equipment to
solve similar draft problems.

Preliminary testing indicates that standard residential

equipment can be modified simply with CSA approved materials
to incorporate the new cycle.

It is probable that pressures produced by the furnace fan
and/or induced draft kits will be sufficient to overcome
negative pressures developed by exhaust appliances used in
the household.

Cost of the remedial measures will be low.

Technology of these measures is understood and easily
transferable to the electrical and burner service industry.

Conclusions of study:

The study will be conducted under controlled conditions

giving accurate test results and data for each remedial
measure.

Several different burners and furnace types will be tested
under similar lab conditions providing uniformity of
results.

Remedial measures will be analyzed as to ease of

installation and cost of equipment during the progress of
the tests.



2.0 RESEARCH PLAN FOR PRE-PURGE CYCLE TESTING

Remedial Measure #1 - Delayed Action Solenoid Valve

Background: The installation of solenoid valves in the maritime
region has been an energy conservation recommendation for several
years and eligible for funding under several past government
programs. The devices were originally marketed for oil savings
of approximately 3%. Many of the solenoid devices that were
installed were the 8 second delayed action variety. Under one
government program furnace servicemen throughout PEI were trained
to install these units and there is now a general acceptance of
the device.

Discussion: The delayed action solenoid valve delays the flow of
oil to the burner for a specified period of time allowing the
burner fan to establish an updraft in the chimney prior to
ignition. 1In addition the delayed action solenoid valve may
eliminate spillage and puffing at startup by allowing the oil
pump to reach maximum pressure for atomization of oil prior to
ignition. The theory is that this device has the ability to
establish draft in the chimney overcoming negative pressures
within the home caused by exhaust appliances. Moffat's cursory
tests indicate that delaying combustion allows the furnace fan to
develop relatively high static pressure within the flue pipe
under cold combustion chamber conditions.

The air pressure created by the average burner (1750 RPM) is
about .25" water (60Pa) measured in the burner air tube.

Moffat's measurments at the breech of .12" water (30Pa) indicates
an ability for the furnace fan to develop significant pressure to
establish draft in the chimney.

However, there is some skepticism about the ability of the burner
alone to overcome backdrafting. Although the fan has the ability
to develop 60 Pa pressure in the air delivery tube, turbulance
and resistance of the heat exchanger and smoke pipe might
significantly reduce any ability of the fan to overcome negative
pressure and establish updraft. (Note the significant pressure
drop between the assumed air pressure in the burner tube and
Moffat's air measurements at the breech of the furnace.)

It is the purpose of this research to determine how various fans
in boilers and hot air-furnaces vary in their ability to overcome
backdrafting. The method of testing and results are outlined
later in the research plan.

fan



Remedial Measure #2 - Induced Chimney Draft

Background: Induced chimney draft may prove to be an appropriate
remedial measure in homes experiencing negative draft pressures
which cannot be safely overcome by burner fans and thermal draft.
Chimney draft is induced by installing a low horsepower fan
directly in the flue pipe. Induced draft kits are now available.
The investigation of these devices will determine whether they
can eliminate the use of the barometric damper, control cold back

drafting and overcome significant negative pressure within the
household.

Discussion: The induced draft fans will be run through a test
regime (similar to that used in testing the furnace burner fan)

to determine the characteristics of operation and MAD limits.

The fan will be used in conjunction with a delayed action solenoid
valve on the burner. Several methods of controlling the induced
draft fans are under consideration:

Control operation of the fan by means of the household
thermostat. The delayed action solenoid will allow the fan
to develop draft in the chimney prior to combustion.

Interlock induced draft fan to exhaust appliances by means
of a relay to power fan whenever exhaust appliances are in
use. This method of control may reduce the possibility of
cold or hot backdraft tendencies.

Control induced draft fan by means of a differential
pressure switch sensing chimney draft. The proving switch
would activate the fan when pressure within the chimney

dropped below .01" of water. Using this control may reduce
hot and cold backdrafting.

These methods of controlling the induced draft fan will be

assessed after the following tests indicate the potential of this
remedial measure to overcome venting failures.



3.0 PROPOSED METHOD OF RESEARCHING REMEDIAL MEASURES

The objectives of these tests are to determine the effectiveness
and ability of each remedial measure to overcome backdrafting
under controlled conditions.

The testing will take place at the Holland College Energy Systems
Technology Centre. These facilities include a library of
research work and manuals for oil combustion furnaces and a
workshop for fabrication and installation of test equipment. The
remedial measures will be tested in a furnace room with two
furnaces, a hydronic system and a forced air system. These
furnaces can be fitted with several different burners.

Variables to be considered and required equipment are listed
below.

VARIABLE MEASURE / CONTROL

Furnace room pressure (Pa) Retrotec Door Fan

Pressure in flue (Pa) Dwyer Manometer

Delay (seconds) Universal variable delay
timer with solenoid valve
Stopwatch

Draft direction Smoke Pencils

Qutdoor temperature, Weather office

wind speed and direction

The tests below will be conducted on both a hot air furnace and
boiler utilizing several different burner makes.

Description of Tests:

Test 1. Static pressure induced by fans

Condition: Flue Blocked
Monometer to measure pressure inside flue
pipe vs time

la. Burner fan operating and flue pressure will be
recorded over time untjl steady state pressure is
reached.



1b. As above, but draft inducer fan replaces burner
fan.

le. As above, with both fans running together.

Data will be graphically displayed in a pressure v.s. time graph
as below:
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- time required to reach maximum fan effectiveness.
- maximum pressure each fan is capable of producing.

- a comparison of boiler and furnace characteristics.
Test 2. Backdraft & Spillage points (cold)
2.1 With burner fan on, the room will be gradually
depressurized until spillage and backdraft occur.
2.2 As above, but using draft inducer.
2.3 As above, using both fans.

Results will determine:

- Absolute MAD (cold) in Pa.

Test 3. Solenoid Delay Time Required to Establish Updraft

Starting with the fan off, the time required to
establish updraft will be measured at a series of
appropriate depressurization levels.



Results will determine:
- Actual MAD (cold)

- Maximum practical delay
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Data will be graphically displayed ia a pressure v.s. time graph.
Test 4. Backdraft and Spillage Tests (Hot)
With the burner firing, Tests 2.1, 2.2, and 2.3 will be
repeated.
Results will determine:
- Absolute MAD (Hot).
It is likely that further tests will be included as this work
develops. The remedial measures will be assessed on the basis of

equipment installation, cost and data collected during the test
period and presented in the final report.
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SUMMARY

This work, by Solsearch Inc., is part of the CMHC project,
"Residential Combustion Venting Failures - A Systems
Approach", managed by the Scanada Sheltair Consortium.

Six potential measures which could reduce spillage or
backdrafting in oil fired combustion systems were assessed
and the three most practical measures were chosen for
testing.

Spillage occurs when a portion of the combusiion products
vents into the house. Backdrafting occurs when the flow in
the chimney is reversed, and under this condition, all
combustion products vent into the house.

The three measures tested were: (1) a delayed action
solenoid valve; (2) an induced draft fan; and (3) a high
pressure burner with a damperless, insulated flue.

The first series of tests tested the ability of a
conventional burner fan to reverse flow in a backdrafting
chimney, under different levels of house depressurization.
The second series of tests measured the static pressure
obtainable by the burner fan and/or draft inducing fan with
a blocked flue. The third series of tests determinecd the
level of home depressurization at which a boiler would begin
to show spillage. The fourth series of tests were field
testing of high pressure burners and damperless, insulated
flues installed in two houses.

These limited tests demonsirated that the remedial measures
suggested for ¢il furnaces seem to be suitable wavs to
minimize combustion gas spillage.

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 depressur-
ization. Downstream of the fan there may be some start-up
spillage at flue pipe joints, unless these are properly
sealed. There was no investigation of the effect of the fan
on furnace/boiler burner performance.

The delayed action solenoid gives sufficient time for the
burner fan to reverse an initial backdraft. 1t does not
prevent spillage from the unintentional or intentional holes
(eg. damper perimeter), although by better establishing
proper flow in the chimney, it may reduce the duration of
spillage. By a thorough sealing of the flue pipe and all
connections, this spillage will be further reduced. No
measurements of the effects of the remedial measures on
spillage duration were undertaken during these tests.



The damperless, insulated flue and high pressure burner does
create an improved chimney draft and fewer holes for flue
gas spillage to occur. The margin of improvement is not as
great as with the induced draft fan and the cost of this
retrofit is quite high. It seems to be a good option for
homeowners with a furnace/boiler in good condition and a

chimney in need of repair (or suffering from condensation
problems).



INTRODUCT ION

The CMHC project, "Residential Combustion Venting Failure -
A Systems Approach", is the culmination of several years of
research into chimneys that fail to properly vent exhaust
gases. As part of the 1986 research, remedial measures were
to be investigated to counteract the spillage of combustion
products from oil, gas, and wood-burning appliances. The
Scanada Sheltair Consortium, which managed the project,
chose Solsearch Inc., of Prince Edward Island, to undertake
the research into remedial measures for oil-fired systems.
A description of typical oil furnace operation, for those
unfamiliar with the process, is included in Appendix 1.

After discussions with various authorities, a list of six
measures was created (see Appendix 2). These were assessed
in turn to produce a sheort list of three devices that were
feasible, practical, and suitable for testing: (1) Delayed
Action Solenoid Valve; (2) Induced Draft Fan; and (3) High
Pressure Burner/Insulated Flue.

The first two devices were laboratory tested. A delaved
action solenoid valve allows the fan on the oil burner to
activate before the oil flow is started. The combustion
chamber, and at least the base of the chimney, is
pressurized by this fan flow, and the theory was that this
initial pressurization could reverse a backdrafting chimney
before the burner fired and combustion products were
created.

The induced draft fan, mounted on the flue pipe. pulls the
products of combustion out of the combustion chamber and
then pushes this air flow up the chimney. Because the
induced draft and burner fans create different pressure
regimes in the furnace-flue pipe-chimnev svstem. they would
have to be tested both separately and together. These tests
were undertaken at the Holland College Energv Systems
Technology Laboratory.

The third suggested remedial measure is the "high pressure
burner/insulated flue combination" recommended by ESSO
Canada. To test the improvement of draft and the reduction
of possible spillage due to this system, two houses were
retrofitted with the burner/chimney. Tests before and after
the installations showed the draft improvement. The
possible condensation prevention, due to the chimney
insulation, was not investigated.



PROCEDURE

The first two remedial measures, the delayed action solenoid
valve and the induced draft fan, were tested at the Holland
College Energy Systems Technology Laboratory. The geometry
and dimensions of the boiler/flue pipe are detailed in
Figure 1. Note that there are 6.3 metres of flue pipe and
chimney inside the building and less than a metre above the
roof. Essentially, this installation is an internal chimney
and should show little susceptibility to outside temperature
in regards to flue gas cooling. Points A and B on Figure 1
are 6mm holes in the flue pipe, used for observation, and
Point C is the inspection port on the face of the boiler.

The boiler is a Kerr Model A3 & A4. Several burners were
fitted to it sequentially:

Conventional burner: Aero Environmental, Model FAFC
1.25 USGPH nozzle
Fan rpm 1725
Solenoid delay 8 seconds

High pressure burner: Riello Mectron M3, Type 215 TC

0.60 USGPH

(a 0.95 USGPH nozzle was
tested separately)

Fan rpm 3250

Solencid delay 12 seconds

Air supply damper closes when
unit not operating

Modifications were made to the burners to allow the oil
supply to be cut off, even though the burner had been
activated (see Figure 2). This allowed the testers to keep
the flue cool, if desired, when running a series of "start-
up against backdraft" tests.

The draft inducer was a Tjernlund Autodraft, Model D2,
paddle type which was mounted on the flue pipe about 1lm from
the boiler (see Figure 1). The inducer did not affect the
flow of flue gases when not in operation. See Appendix 3
for details of the inducer.

To model negative house pressure in the laboratory, a
Retrotec RDF 400 door fan was installed in one of the
laboratory doors. The pressure measurement was by a Dwyer
Durablock Model 115 manometer with a reading accuracy of
about 0.3 Pa. However this apparent accuracy should be
qualified by windy testing conditions which made the
manometer oscillations + 1 Pa. If the pressure fluctuations
exceeded this figure, testing was aborted.



There are some discrepancies in terminology in the test
reporting. In the original testing, as shown in the
Glossary and the raw data appended, there were two spillage
points observed. "Cross-over" occurred when the candle
flame indicated varied flow in, and out of, the observation
hole. ™"Spillage" was defined as continuously outward flow
of combustion gases from the flue to the room. In the body
of the report, the "cross-over” data has been used to
indicate that spillage is starting, and this data is

labelled as "spillage" data.

Figure 1 - Burner and Flue Geometry
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Figure 2 - Circuit Diagram of Conventional Burner
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Figure 2 Circuit Diagram of Conventional Burner



BACKDRAFT TESTING

The first series of tests was performed to establish whether
a burner fan or a draft inducer, during the solenoid delay
before the burner ignites, could reverse a backdrafting
chimney. |If a chimney has cooled during the off-cycle and
house depressurization causes the chimney to act as an air
supply to the house, chimney flow must be reversed upon
furnace or boiler start-up. Without any delay in burner
activation, such situations result in furnace backpuffing
and rumbling. The tests were performed when outside
temperatures were approximately -10°C. Chimney temperatures
approached -10°C after extensive backdrafting. Colder
conditions would have provided a more difficult environment
for draft re-establishment, as chimney pre-cooling would be
more severe.

The tests were performed with the laboratory room
depressurized to discreet levels by the door fan, to a
maximum of 60 Pa. The system was run against a variety of
depressurizations, and the times were recorded when the
backdrafting flow was effectively stalled by the burner fan
flow. This was indicated by the visually observed reversal
of smoke flow of a smoke pencil centred in the smoke pipe
(Point A).

A second series of flow testing was undertaken with a
velometer air flow meter installed in the flue pipe. The
burner fan was activated, without oil flow, to aid the
natural draft of the chimneyv. The room was then slowly
depressurized to 85 Pa, with the {lue pipe air flow being
recorded. ‘

STATIC PRESSURE TESTING

On a more general basis, some tests were performed to
determine the time vs. pressure characteristics of the fans
involved. The different burner fans installed on the
boiler, including a 0.95 USGPH high pressure burner, were
activated with and without the draft inducing fan. The
pressure in the flue pipe, at Point B, was measured with the
Dwyer manometer, and time required for the pressure rise
recorded by stopwatch. The fan curves produced are unique
to this boiler/flue pipe system and are referenced only to
the one point of pressure measurement at Point B. These
tests were performed without oil flow and represent only the
pressures that the burner fans could produce. Thermally-
created draft was not a factor in these tests and the flue
pipe was blocked at the chimney.



A final test was undertaken to establish the leakage
characteristics of the flue pipe itself. With the
conventional burner fan activated and the flue pipe
disconnected from the chimney and blocked, the pressure in
the flue pipe was measured at Point A. To view the effects
of the pipe leakage, this test was re-run with all joints,
test holes, and the barometric damper sealed with aluminum
tape. A third test involved removing the flue pipe from the
boiler, blocking the boiler exhaust, and sampling the burner
fan pressure through this blockage. This establishes the
range of possible pressures and points to the sections where
pressure losses and spillage locations are created.

SPILLAGE TESTING

The previous tests determined whether, and by what margin,
the burner fan or draft inducer was able to reverse an
initial backdraft. The tests also delved into the leakiness
of the boiler/flue pipe system.

Spillage testing is not related to flow direction (eg.
normal upward exhaust vs. backdrafting), but whether the
components of the system are at a higher pressure than the
surrounding room air. If the flue pipe-to-house pressure is
positive and leakage areas exist, the exhaust gases will
spill into the house air in varying amounts.

Testing was performed on the same laboratory set-up as in
Figure 1 and evidence of spillage was recorded at Points A,

B and C. Spillage concerns the exhaust prod:cts that
actually enter the house air. A remedial mea.ure designed

to prevent backdrafting may still cause spillage, especially
if limited in time. It is, however, less of a safety problem
than backdrafting.

The recording of spillage was quite subjective; it was
determined by the use of a candle flame or smoke pencil.
See the raw data in Appendix 4 and the definitions in the
Glossary to appreciate the subtle distinctions between
"eross-over", "spillage", and "puffing". Consider the
transitions in a dynamic situation, be it a backdraft
reversal or boiler start-up, and how they may be affected by
fluctuating winds outside. Factor in instrumentation lag
and reading error, and, only then, look at the spillage
testing section. Results, shown in Table 2, are probably
good to approximately + 2 Pa, so 5 Pa differences are
generally significant.

The spillage tests were performed in the same variety of
systems as the preceding backdraft tests. 1In this case, the
burner fan or induced draft fan was activated, without oil



flow and burner activation. When operating pressures were
established, the door fan was used to create a laboratory
depressurization. Spillage was monitored at Points A, B and
C under varying levels of depressurization. To simulate
operating burners, the boiler/flue pipe was heated up by the
burner for 15 minutes to create a "hot flue". The burner
oil flow was then shut off for the "hot flue" testing. This
procedure was used to minimize progressive heating of the
flue with burner operation, but flue gas temperatures during
"hot flue" testing still varied widely (from 87-196°C).

This variation certainly affected the test results,

3.4 FIELD TESTING OF THE DAMPERLESS, INSULATED FLUE
WITH HIGH PRESSURE BURNER

The remedial measure "demperless flue with high pressure
burner" was developed and promoted by Imperial Oil Canada.
It was recommended by & member of the project Adviscory
Committee, Harry West of ESSO. See Appendix 3 for details
on the chimney installation.

The system consists of a high pressure burner (similar to
those already mentioned), and a seamless, insulated flue
liner installed in the existing masonry chimney, complete
with wind-diverting cap. There is no barometric damper in
the system.

Two houses were selected for retrofit with this remedial
measure, Both were relatively new R-2000 type houses with
200x300mm masonry chimnevs. Each of the homes was tested in
1984-85 as part of the Residential Combustion Safety
Checklist research project. One of the houses already had
high pressure o0il burners without barometric dampers
installed on a boiler and hot water heater. Attempts were
made to locate houses with draft failures due specifically
to oversized masonry chimneys, without sueccess. It was
noted, however, that both flues in the test houses, though
only two years old, had chipped liners, signs of
condensation and frost damage.

A detailed description of the two houses follows:
PIERCY HOUSE

Type: single family

Structure: 1-1/2 storey with basement

Insulation: R~2000 standards

Tested air leakage: .43 ACH at 50 Pa

6.26 1/ (s Pa")
0.86



Heating system: oversized boiler; 2.00 GPH capacity
Burner: conventional Aero before retrofit

Riello M3 high pressure burner after retrofit

.65 USGPH nozzle
Barometric damper: yes before; none after
Age of boiler: 8 years
Nozzle size: 0.75 USGPH before; 0.65 USGPH after
Chimney: 200x300mm flue with ceramic liner; 7.2 m height
Special equipment: air-to-air heat exchanger; clothes dryer
Previous testing had shown spillage when the air-to-air heat
exchanger was sealed and the clothes dryer (located in the
basement) was operating. Two heat sensitive dises affixed
to the barometric damper had changed colour. indicating that

spillage had occurred. The owner reported the smell of oil
fumes present when the clothes dryer was operating.

LOSIER HOUSE
Tvpe: single family
Structure: bungalow with basement
Insulation: R-2000 standards
Tested air leakage:

2.46 1/{(s-Pah)

.26 ACH at 50 Pa
= 0.70

0
C
n
Heating system: oil hot air furnace and oil hot water heater
Burners: Riello M3 high pressure burners

Barometric dampers: none

Age of furnace: new

Nozzle sizes: 0.40 USGPH

Chimney size: 200x300mm flue with ceramic liner;
5.56 m height

Special equipment: air~to-air heat exchanger; clothes dryer
Previous testing had shown spillage when the air-to-air heat

exchanger was sealed and the clothes dryer (located in the
basement) was operating.
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The owner had complained of the smell of o0il fumes in the

basement but had attributed the problem to an imbalance in
the heat exchanger system. As a solution he had adjusted

the heat exchanger to induce a slight positive pressure in
the house.

Flexible 125mm stainless steel liner kits were sized and
supplied by Esso Petroleum Canada. The kits also included
double base "T's" and special Aerocowl caps designed to
reduce the effect of the wind on the draft. Waterproofed
Vermiculite specified for insulation was not available.
"Perlite", a volcanic, waterproof block fill, was used for
insulation instead. 125mm connecting flue pipes were made
locally of sheet steel. The insulated flue liners were
installed by masons. The installation procedure is fully
documented in the installation manual. (See Appendix.)

In the Piercy home, the existing oil burner was replaced
with a new high pressure burner (Riello M3) with an integral
air supply damper and delayed action solenoid valve. As
recommended by the manufacturer, the nozzle size of the new
burner was 15 percent smaller than that of the replaced
burner to account for the increased oil pressure of the new
burner. The two existing high pressure burners at the
Losier home are also M3 Riello burners.

Four tests were performed on these houses using a Dwver man-
ometer, a candle to indicate spillage at a 6mm hole in the
flue pipe, and the doorfan to create house depressurization.

1. Cold flue spillage

- To what house depressurization could the off-cycle flue
pipe resist spillage of flue gas into the room air?

- If the house has two oil appliances (Losier house), how
docs one appliance affect the other?

2. Hot flue spillage

- How much would heating the flue (by operating the burner
with oil flow) improve the draft?

3. Maximum house depressurization against which normal
burner operation could re-establish upward flow.

- What is the maximum house depressurization that the
burner fan can overcome at start-up? (tested post-
retrofit on Piercy house only)

4. House depressurization by the use of house fans only

- To what levels of depressurization can the exhaust

appliances bring the house? (clothes dryer and air-to-
air exchangers tested under worst case conditions)

11



RESULTS

There is a distinetion to be made between remedial measures
that address backdrafting and those that deal with spillage.
At times, these measures can be counterproductive. A high
capacity burner fan will be more apt to reverse an initial
backdraft, but will also provoke more combustion gas
spillage out the observation port or barometric damper of a
conventional furnace.

Effectiveness of the remedial measures may also be somewhat
obscured by the wealth of data. On testing a delayed action
solenoid valve as a remedial measure, the time lag of the
device can be accurately established. The tests undertaken
were designed to show if such a time delay would permit
various burner fans to establish an updraft under adverse
conditions. The results of these tests are unique to the
equipment used and weather conditions at the time of
testing. The universality of the measures can be inferred
from the data but there is a degree of uncertainty involved.

The backdraft test shows that the burner fan is capable of
reversing chimney flows at up to 60 Pa negative pressure,

more than any likely house depressurization. The flow
reversal happens in less than 1/2 second, well within the 8
to 12 second delay of a solenoid valve. (See Appendix 4 for

detailed data.)

The chimney flow velocities under increasing depressurization
are charted in Figure 3.

The burner fan easily creates positive flow up te 30 Pa, and
marginally from 30 to 60 Pa, before the chimney flow
reverses. The rate of increase of door fan flow during
testing may have affected this point of flow stalling.

Note that these two tests were made with a 1.25 USGPH
conventional burner only. Results for other burner types or
nozzle sizes can only be inferred. In one case, a 0.65
USGPH high pressure burner with cil flow clearly was unable
to start at a negative pressure of only 15 Pa. (Piercy
house, post-retrofit). Flow direction was not measured in
this latter case, but failure of the the combustion process
may occur well before actual chimney flow reversal due to
changes in the oil/air mix.

The fan characteristic testing shown in Figure 4 is taken
from data in Appendix 4. In these tests, the burner fans
created static pressures in the blocked flue pipe, measured
at Point B. The conventional burner eventually produced
only 10 Pa at Point B, compared to 15-20 Pa for the 0.95
USGPH nozzle or the draft inducer acting alone. When the
draft inducer acted together with either burner fan, roughly
30 Pa of pressure was produced in the flue pipe. The
standard 0.60 USGPH Riello burner fan produced only 4 Pa.
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The same burner fan with a 0.95 USGPH nozzle produced over
three times the pressure and it can be inferred that the
ability of the burner fan to reverse backdraft would be very
dependent on nozzle size. The combustion air supply is
adjusted according to the nozzle size, (more oil, more air),
indicating that the fan's ability to develop pressure is
dependent on the air supply.

Table 1 shows how the pressure characteristics are affected
by the leakiness of the flue pipe. With the flue pipe
blocked at the chimney, 19 Pa of static pressure is
developed. Sealing the damper, joints, and observation holes
triples this pressurization to 56 Pa.

Spillage generally ocurs at much lower levels of depressur-
ization, and results fluctuate considerably due to changes in
wind, exterior temperature, chimney temperature and
measurement location. Results are shown in Table 2 (and in
Appendix 4). The following generalities can be extracted:

1. The effect of the burner fan is variable. At
measurement Point B, when the burner fan is activated,
the now pressurized flue pipe will spill at a lower
depressurization than with no fans. At Points A and C,
spillage with the fan is at higher depressurizations
with a hot flue. A possible explanation is that, in
the "Hot" tests, the boiler water and boiler
heatchanger is hot. The fan flow carries this heat to
the chimney, creating additional draft.

2. The draft inducer prevents spillage upstream (eg.
Points A and C) at room depressurizations of 20 Pa and
more. Downstream towards the chimney, where it
pressurizes the flue pipe, spillage is apt to occur at
under 8 Pa room depressurization when the flue is cold,
and about 10-19 Pa when hot.

For the damperless, insulated flue with a high pressure
burner, the results are also affected to a large degree by
the weather conditions during testing. In Table 3 and
Appendix 5, no cold flue improvement is seen in the Losier
house, but the pre-retrofit testing conditions were much
more conducive to good draft. With a hot flue, results are
too variable for any conclusions. High winds during testing
are blamed.

The Piercy house showed an off-cycle draft increase from 2
to 6 Pa with the retrofit, and from 8 to 15 Pa on the hot
flue. Note that these houses can be depressurized by their
own fans to 7.5 and 5.6 Pa respectively (see Appendix 5).
This shows that the margin of safety in preventing cold flue
backdraft is minimal.

The maximum Piercy house depressurization against which
draft could be re-established (against initial backdraft)
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was 8-10 Pa using the burner fan only, and 13-15 Pa with
both burner and burner fan activated.

the post-retrofit case only.

No data

These results are for
is available for the

pre~-retrofit systems.

Figure 3 - Effect of Depressurization on Flue Pipe Flows
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Figure 4 - Measured Fan and System Characteristics
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TABLE 1 COMBUSTION PATH LEAKS

Condition:

Flue pipe blocked just before
entering metal chimney

As above. All joints and barometric
damper sealed with duct tape.

Flue pipe removed from boiler
and outlet sealed.

16

Static pressure developed
by oil burner (no oil flow)

Pa

19

56

70



TABLE 2 RESISTANCE OF OPERATING SYSTEM TO DEPRESSURIZATION
Pressure at Which Spillage was Observed (to nearest Pa)

Observation Conventional Burner High Efficiency Burner
Point
Spillage at Pa Spillage at Pa

Conditlon 1: No fans

cold hot cold hot

Point A 3 4 6 6
B 2 5 3 6

C 3 5 6 7

Condition 2: Burner fan only

Point A 0 9 2 9
B 1 6 1 G
C 0 13 2 14

Condition 3: Induced draft fan only

Point A 28 25 24 30
B 8 10 3 12
C 24 33 29 37

Condition 4: Both fans on

Point A 17 20 18 22
B 5 14 1 13
C 15 26 24 26

The results are averages of two tests on two different days. See
individual test sheets in Appendix B for specific test data and
weather data.
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TABLE 3 FIELD TESTS OF THE DAMPERLESS, INSULATED FLUE

WITH HIGH PRESSURE BURNER

Depressurizations Measured
That Created Spillage (Pa)

Appliance Cold Flue Pre-heated Flue(z

Checked Appliance

for Burner F?q Post- Post - (3
House Spillage (ON/OFF) (1) Before Retrofit Before Retrofit
Losier(4) Furnace OFF 5 5(5)

DHW OFF 5 5(5)

Furnace ON 5 1

DHW OFF 4 8

Furnace OFF 13 19

DHW ON 7 15

Furnace ON 9 3

DHW ON 7 6
Piercy Boiler OFF 2 6

Boiler OFF g(5) 15

Boiler ON g(3) 14

(1)

(2)
(3)

(4)

(5)

These tests were run with oil flow to the burners
disconnected, so that the burner fan activated without the
burner firing. This was done to limit the transient draft
differences due to flue heating, which would require
significant delays in measurement, until steady state
conditions were reached.

This is a hot flue, preheated for this test.
For weather data see Appendices 5 and 6. Post-retrofit
testing was conducted in warmer weather, with lower wind

speeds.

The Losier house has two appliances connected to the same
flue. The tests were done in pairs for each case.

Estimates only, based on Solsearch "Spillage" data increases.
(See Appendix 5.)
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CONCLUSIONS

The tests demonstrated that the remedial measures suggested
for oil furnaces seem to be suitable ways to minimize
combustion gas spillage, based on this limited field
testing.

The induced draft fan, especially if used in conjunection
with a solenoid delay on the burner, can reverse backdrafts
and minimize spillage under any likely house depressur-
ization. Downstream of the fan there may be some start-up
spillage in flue pipe joints, unless these are properly
sealed. There was no investigation of the effect of the fan
on furnace/boiler burner performance.

The delayed action solenoid gives sufficient time for the
burner fan to reverse ar initial backdraft. It does not
prevent spillage from the unintentional or intentional holes
(eg. damper perimeter), although by better establishing
proper flow in the chimney, it may reduce the duration of
spillage. By a thorough sealing of the flue pipe and all
connections, this spillage will be further reduced.

The damperless, insulated flue and high pressure burner does
create an improved chimney draft and fewer holes for flue
gas spillage to occur. The margin of improvement is not as
great as with the induced draft fan and the cost of this
retrofit is quite high. 1t seems to be a good option for
homeowners with a furnace/boiler in good condition and e
chimney in necd of repair (or suffering from condensation
problems).

While these remedial measures do reduce the range of house
conditions under which spillage will occur, the effect of the
measures on spillage duration is unknown. If further
research shows that even short term spillage of oil-fired
appliances can seriously degrade indoor air quality, spillage
duration investigations must take place,.
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GLOSSARY

Barometric Damper is an air check valve located on the flue pipe
between the furnace/boiler and the masonry flue. The barometric
damper is usually of the same diameter as the flue pipe and will
only let air into the flue. The damper is weighted with an
adjustable weight, set to allow the damper to open if the chimney
draft exceeds a certain positive number. The effect of the
damper is to reduce the effect of draft variations at the
combustion chamber. The barometric damper has no seals and is
not airtight. Due to its location near corrosive gases, the
damper frequently does not operate properly. Although barometric
deampers are required by code, high pressure burners are often
installed with damperless, insulated chimneys.

Backdraft occurs when the flow of the combustion gases is blocked
or reversed from the usual direction up the chimney. Back-
drafting usually occurs when the burner is off. If backdrafting
occurs with the burner on, all the combustion products will vent
into the house through air supply ports, the barometric damper
and other combustion path holes.

Cold Flue is a flue that has not been used overnight and has
reached a minimum steady state temperature. The actual flue
temperature was not measured. Since the flue is an insulated
metal asbestos flue, there is little thermal mass.

Cross-over is the "stall point" between positive and negative
draft, when some smoke spills out or pulses in and out of the
inspection hole, but direction is not definitely established.
During testing, the determination of the cross-over point was a
"judgement call"” on the part of the tester, since the beginning
of the spillage process was determined visually by a slight
fluttering of the candle flame. For this series of tests, the
tester estimated the point at which the flow fluctuated between
equal periods of intake and exhaust through the inspection port.

Draft is the pressure differential measured in Pa between the
furnace room and the interior of the flue pipe. The draft is
usually positive due to chimney effect and will exhaust air from
the furnace room to the outside. The draft may become negative
if, for instance, the furnace room is under negative pressure
relative to the exterior, due to competing exhaust appliances. In
this case, gases from the interior of the combustion system may
spill into the furnace room.

Hot Flue is a flue that has reached maximum steady state
temperature by firing the burner for a minimum of 15 minutes
prior to tests.

Negative Pressure is established when exhaust appliances in a

tight home cause the interior house pressure to be negative
relative to the outside pressure.
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Puffing is temporary flow reversal or bursts of spillage
occurring during ignition at appliance start-up.

Spillage is the flow of flue gases from burner, boiler and flue
into the interior of the house. The flow was visually detected
with a candle or smoke pencil. For the field trials, the tester
waited for a definite exhaust of the gases (as opposed to cross-
over) when determining the spillage point.
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APPENDIX 1:

OPERATION OF A TYPICAL OIL-FIRED FURNACE

The start-up sequence begins when the controller provides
electrical power to the blower fan and transformer. The oil pump
is driven by the same motor as the fan; consequently, oil
pressure builds simultaneously with air pressure. If a solenoid
valve is installed, oil flow to the nozzle is delayed, allowing
the fan and pump to develop maximum rpm. Combustion air is drawn
in through an adjustable port on the burner and the air is mixed
with the oil, which is vaporized at the nozzle. When the mixture
is first ignited by the electrodes, the force of the ignition
forces the barometric damper shut. Often a puff of smoke enters
the room via various leakage points in the combustion path.

During the first few minutes of operation the combustion may be
unsteady and the draft not well established. This will manifest
itself with & closed barometric damper and puffs of exhaust
emerging through leaks. Simultaneously, however, the oil burner
fan is exhausting air from the furnace room, which is replaced
with air from elsewhere in the house; in effect, purging the
room. As the chimney is heated by the flue gases, the draft
improves and the barometric damper opens, exhausting additional
air from the house.

After several minutes of operation the chimney draft may develop
10 to 30 Pa, while negative pressures generated bv competing
exhaust appliances within the house might range from 2 to 7 Pa.
When the burner stops after a 5 to 20 minute cycle, the chimneyv
is still warm and air will continue to be exhausted from the room
through the barometric damper and oil burner air ports, unless
the burner is of the high pressure type. High pressure type
burners are sometimes installed without barometric dampers and
the model tested has a built-in damper on the air supply which
closes automatically when the burner is not operating.

The typical oil-fired furnace system is designed to operate with
a pesitive chimney draft (updraft). If positive draft is not
present, spillage will occur, but positive flow up the chimney is
usually maintained. Only under unusual circumstances, such as
flue blockage, is chimney flow reversed, in which case black
smoke will pour into the furnace room.



APPENDIX 2:

SELECTION AND DESIGN OF SIX REMEDIAL MEASURES

Based on consultation and feedback from John Haysom (Scanada) and
Harry West, we considered the remedial measures further.

The list of remedial measures is reorganized as follows to more
clearly connect the remedial action to the problem it is supposed
to resolve. Note that group No. 1 are not really remedial
actions, but diagnostic tools which may or may not be invoked
prior to undertaking one of the remedial measures.

1. Alarm/Checklist/Test

2. Air supply to furnace room. Furnace room sealed from rest
of house or sealed air intake (not, to our knowledge,
available on oil-fired units.)

3. Prepurge cycle/solenoid valve.

4. Exhaust appliance priorization,

5. New insulated flue/with or without burner with damper.
6. Draft inducer fan.

Consultation and Review
1. Diagnostic Devices

1.1 Alarms Our knowledge of this item is based sclely on the
work of Sheltair. It is not a solution, but may be used as
a diagnostic device if chimney failure is suspected.

If no other competing sources of dust or smoke exist near
the furnace, then an ordinary smoke alarm may well be the
best solution. The more expensive CO detector eliminates
some false alarms, such as alarms caused by dust.

Guidelines need to be developed as to the proper location of
alarms. Guidelines should be simple enough to follow by an
ordinary homeowner who may choose to spend $10 to $30 on a
self-installed detector prior to calling in a professional
serviceman.

We note that, in our experience, fire alarms are frequently
disconnected if they are seen to give "false" alarms, such
as being set off by a toaster. [t should be made clear to
homeowners that if the alarm sounds once, the next step is
a check by a qualified technician. (Checklist)



1.2 Checklist The checklist would be the next step if an alarm
or other evidence did show the presence of backdraft
problems. We have reviewed the checklist proposed by
Sheltair and agree that this checklist should be able to be
performed by a technician without sophisticated equipment
such as a door fan. Our firm has had simple checklists and
tests with smoke pencils in previous backdraft measurements.
It is our opinion that additional equipment, such as
manometers and door fans, serves to quantitate the problems
but does not assist significantly in determining the nature
of the problems.

1.3 Test We have performed tests with sensitive manometers and
door fans to quantify the nature of backdraft problems and
the spill-over points for various competing appliances.
These instruments are excellent research tools, but do not
add significantly to the diagnosis of the problems. The
tools are extremely sensitive to variations in the weather.

2, Separate Air Supply

Our knowledge of this subjeel is through installing separate air
supplies in five projects where previous airsealing resulted in
backdrafting (as measured by Sheltair's method), doccuments
presented in this project, and conversations with Harry West,

Two methods of providing a separate air supply are:

2.1 Sealed supply, a direct duct from the exterior directly
connected to the burner. This method is available for
condensing gas boilers but is not, to our knowledge,
available for oil burners. The theoretical advantage is the
total isolation from any competing appliance. Disadvantages
may include a great variation in the temperature of the air
supply.

2.2 Air supply to sealed furnace room. The air supply can be
(a) & window or other direct opening or (b) a duct with cold
air lock or motorized damper. A 5" or 6" diameter copening
prevented backdrafting as per the Sheltair test in our test
houses. NBC however requires 3.3 mm?/watt (NBC sec.
6.2.5.1.(2)). For a typical furnace with a 1 gellon nozzle,
this translates to 150 sq. inches, substantially bigger than
air supplies typically provided.

Undercut furnace room doors and other air leaks to the
remainder of the house may hinder the effectiveness of the
air supply in the presence of other competing appliances.
Regular airsealing techniques can, however, overcome this
problem. If a competing appliance such as a dryer 1is
located within the room the supply must be sized to handle
both appliances.



Even with a U-shaped cold air lock, homeowners report cold
drafts from air supply when the burner i5 not in use. Local
contractors have manufactured motorized dampers, which open
only when the furnace is on. The damper can be wired "fail
safe", with a spring loaded, normally open damper, switched
to allow burner operation only when open. The cost 1is
approximately $100.

Bare metal air supply duets will typically cause
condenstion. Harry West reports successfully avoiding this
by insulating ducts with 1" foil-covered glass fibre batts.

Prepurge Cycle/Solenoid Valve

Discussed in detail in previously submitted paper, this low
cost solution offers in addition to reduced backdrafting a
bonus in a cleaner heat exchanger and resulting greater
efficiencies and fuel savings.

Exhaust Appliance Prioritization

One successful prioritization (Jennair Stove disabling
furnace, when operating) has been reported by Sheltair. It
is a low cost solution, but adds to the technical complexity
of the house. The unsuspecting furnace repairman may not
realize that a malfunctioning furnace may be connected to
the stove and one can imagine a situation where the
homeowner leaves the house with the Jennair on to clear the
air in the house, and returns much later to find the pipes
frozen.

New Insulated Flue

This remedial measure has been documented by Harry West in
"Stainless Steel Liners™ Standards and Installation manual.
A typical installation is done in conjunction with the
installation of a high pressure burner with an integral
damper on the air supply and elimination of the barometric
damper. The reduced opening, insulated stainless steel flue
reduces backdraft due to the thermal mass of an oversize
masonry chimney. The safety of any deteriorated flue is
also drastically increased. A vent cap reduces backdraft
due to wind gusts.

The burner also has an integral delayed action solenoid
valve. The elimination of the barometric damper and the air
supply valve not only reduces the backdrafting potential but
also eliminates the standby stack losses. The installation
manual of the burners does not specify the removal of the
barometric damper, and most installers here on P.E.I. leave
the barometric dampers on.



6. Draft Inducing Fan

Located after the appliance, before or in the chimney, the
draft inducing fan boosts the draft of the chimney. The use
of this device is common in industrial applications, but is
rarely used residentially. Harry West feels that the
increased draft may potentially damage the fire box. The
cost of the device is fairly high ($500 range). The device
does not really solve the cause of any backdrafting
problems, and may indeed cause other appliances to
backdraft. Technical complexity, noise and maintenance
costs are increased. Located in a corrosive atmosphere,
such a device can be expected to have a shorter lifespan.

Harry West reports that he eliminates dampers and employs
reduced flue sizes under a section of the B139 Code,
allowing qualified consultants to take such steps. This
leaves the liability squarely on the installer. It would be
desirable to get direct code approval for removal of the
backdraft damper if this is going to be a commonly
recommended remedial measure. There is also the guestion of
boiler warranty, when reducing the flue size below the size
recommended by the boiler manufactiurer.

On the question of liability, Skip Hayden comments that in
the course of the widely used burner conversion program here
on P.E.I., where thousands of burner/boilers were equipped
with retention heads, the retrofits were done without
obtaining prior approval from boiler manufacturers or CSA
approvals for specific system combinations.

Plan for Insulated Flues

Location: Two houses with backdraft problems will be selected.
Both will have previously installed Riello burners. One
house is to be new and relatively airtight. The other house
is to be old and relativelyv leaky. with backdraft likely to
be due to an oversized chimney.

Testing: Tests 1, 2, 3 and 4 will be conducted on the
furnace/chimney prior to and after installation of the new
insulated chimney. A "cold" chimney test will offer a
several-hour cooling period.

Installation: A contractor familiar with the installation of
chimney liners will be engaged to install liners as per the
manual. Henry West has agreed to visit the sites during
installation. His time will be shared between: technical
transfer (his insulated chimney system is not well known in
P.E.I.) and discussing the chimney test program.

Cost: Harry West will provide flue materials free of charge.
The project will be charged the direct cost of employing a
mason, estimated at $300 to $400 per house.



Discussion: Since submitting the original research paper,
additional input from other team members has initiated additional
topics to be considered.

The objectives of any remedial measure are:

1 .

2.

Re

Re

Re

Re

Re

[4)]

to reduce or eliminate chance of backdrafting
to utilize existing equipment and servicemen if possible

to be inexpensive, or if expensive, offer other benefits
whiech justify the greater cost

not to add to the complexity or service requirements of the
mechanical systems of the house.

Alarms and checklists are clearly diagnostic tools, not a
solution, and therefore do not fall within our task. We
suggest however that conventional smoke alarms be tested out
as a warning device in a few of the houses where the spot
test may indicate problems,

Separate air supply is an excellent remedy. To be tested
and developed by SRC.

Prepurge cycle/solenoid valve. In houses previously
tested, the backdrafting problems were all overcome by the
burner, after a short period. The device is easily

installed and is in fact standard on some eqguipment., The
device is inexpensive and results in cleaner operation and
fuel savings. Clearly a superior solution to be tested.

Prioritization. Although an inexpensive measure, this
measure adds to the complexity of the system. Backdrafting
problems may be resolved, but new problems, such as freeze-
up, may be added. Not recommended as a measure.

Insulated flue., The high cost is the only drawback of
this measure. Where a deteriorated flue justifies work on
the chimney, this is a recommended solution. Particularly
suitable for the many century old flues of P.E.I. At Harry
West's suggestion, this measure will be tested in two
locations. The measure not only improves draft but greatly
increases the general safety of the flue.

Draft assistance. As already outlined previously, a draft
assistance fan will be tested at Holland College. With a
relatively high cost, plus added complexity, this is not a
recommended measure, but testing will serve as a useful
"benchmark" against which to test the obtainable pressure of
oil burners.



APPENDIX 3:

SPECIFICATIONS OF EQUIPMENT USED IN TESTING
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TABLE #1
Combustion Products Plus Barometric Damper Dilution

% EXCESS AIR 10 15 25 35 50 65 85 110
*% 0, 2 35 4.5 6.5 7.5 9 10.5 11.5
*CO, 14 13 12 11 10 9 8 7

FIRING RATE CUBIC FEET PER MINUTE

U.S.G.P.H.

1.10 255 271 29.5 322 35.4 391 436 49.5

1.00 24.3 258 28.1 307 337 37.1 415 47.2
.85 20.6 219 23.9 26.1 28.6 316 35.3 401
.75 18.2 19.4 21.0 23.0 25.3 279 31.2 354
65 15.8 16.8 18.2 19.9 219 248 27.0 30.6
.60 14.5 15.5 16.8 184 20.2 223 249 28.3
.50 12.1 129 14.0 153 16.9 18.6 20.8 239

*Measured at Chimney Base

Table #1 shows volumetic flow rates of gas at 15.5° C (60° F) associated with various excess air levels.

Chimney Construction

A typical chimney in North America is a brick/block masonry construction with a standard chimney
tite liner down to the clean-out. The clean-out is normally 18" to 24" below the inlet of the heating
appliance. In some construction only two clay tiles were used top and bottom. This resulted in two

courses of brick to make the chimney perimeter between the two tiles.

WATER DEWPOINT
60°C BASED ON EXCESS AIR LEVELS
(140°F) FOR HEATING FUELS
50°C
112°) [ THE EXCESS AIR LEVEL IS MEASURED
AT THE BASE OF THE CHIMNEY TO
DETERMINE CONDENSATION TEMPERATURE
- IR IN THE CHIMNEY COLUMN.ALL MEASURE-
Z 40°C [ MENTS AT STEADY STATE.
Q (toaeF) [ |
2
o !
= [
pos !
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5 (86°F) 3 | |
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ee"n & g | ?§ ! No.2 OIL
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Conditions (contd.)
Volume of Flue Gases
Weight of Flue Gases

"

30.3 cu. ft. per minute
30.3 x .075 = 2.28

Heat Content
(2.28 weight) x (60 Time) x (275°F Temp.) x (0.24)
= 9,028 B.T.U.H.

*Absorption rate of flue B.T.U.H. at 25°F
(65.3 sq. ft. area) x (199° F average temperature) x (1.0 coefficient)

= 12,995 B.T.UH.

* Absorption rate of flue B.T.U.H. at —3°F
(65.3 sq. ft. area) x (199°F) x (2.0 coefficient)
= 25,592 B.T.U.H.

*N.B. The ability of the chimney to absorb all the heat is self evident but the centre core of flow does
not come in contact with the tile liner. 100% condensation does not happen.

The variables that cause condensation:
(1) Time delay to achieve steady state, up to § minutes.

(2) Appliances do not cycie for 60 minute burn time for maximum
B.T.UH. input.

(3) High relative humidity of the dilution air changes the dewpoint upwards from that
calculated with dry air.

(4) The flue can absorb more latent heat than the heating appliance can produce.
Cold outdoor temperatures with long off cycles normally produce pulsations

on start.
Case

Installation of 5" @ stainless stee! liner insulated between the liner and the existing tile liner.
Chimney Height 8.5M 28’
Temperature at Breach 287.7°C 550°F

CO, at Breach 13-1/2%
Temperature at Base of Chimney 123.8°C 255°F

CO, at Base 6-1/2%
Flue gas exit temperatures 96.1°C 205°F

Centre of Fiow 8" below exit
Average temperature of flue 230°F

Heat Loss or Absorption Rate

Perimeter = 15.7"
Height = 28’
Area = 15.7 x (28x12) + 144 = 36.3 sq. ft.

Total B.T.U.H. Loss
Square ft. of surface area x average flue gas temperature x coefficient of heat transfer = Loss

36.3 sq.ft. x 230° x 0.4 = 333.96 B.TU.H.
The use of a stainless steel chimney liner will eliminate or control condensation probiems,

establish draft aimost instantaneously and provide a designed venting system for increased
efficiency during operation.

(iv)



ECONO TECH'PRODUCTS
Z Flex Stainless Steel Liners

MATERIAL: The material used for production of Z Flex Liner is a special 316 alloy 0.005" thick.
U.L. listed.

CONSTRUCTION: Spiral look continuous seam.

TESTING: A series of performance tests were completed by Warnock Hersey, an independent testing
lab. The tests were conducted under the guidelines: “Underwriters Laboratory Proposed Requirements
Liners for Masonry Chimneys Venting Oil and Gas Fired Appliances”. The test file is #FL 200-290-040
and the tests were conducted under requirements outlined in ULC-S629-M1981 which is requirement

for 650° C factory built insulated chimneys.

Additional tests were conducted for:
CORROSION: Severe sulphurous acid bath ULC S 609 standard for L vents.
STRENGTH: A 200 pound force was exerted on a section of liner suspended from a forklift truck.

FLEXIBILITY: Liner was bent around a wooden form of 17.5” radius through 180° for three separate
applications. No separation or collapse.

TORSION: A sample liner suspended from a beam in a fixed position was rotated 180° clockwise
and then returned to its original position. This test- was repeated three times; no
separation was observed.

ABRASION: An eight foot long sampie liner of 5" nominal was drawn through an unlined masonry
chimney ten times. The flue was 7 1/4” x 7 1/4”. The liner withstood the test without
showing any joint separation, rupture, or visually observable damage which would
cause the material to be unsuitable for its intended use.

TIGHTNESS Samples of the liner were subjected to a tightness test after the temperature, strength,

TEST: flexibility,torsion and abrasions tests were compieted. Both ends of the sampie liners
were plugged with wooden plugs and sealed with silicone sealant. Each sample was
pressurized to 0.5" water gauge using compressed air. The pressure was monitored to a
minimum leakage rate of 0.42 cubic teet per hour. After all previous tests the samples
all passed a tightness test or leakage rate less than the detectable flow rate. The liner
was subjected to additional tests for puncture rate, liquid penetration and a brush
sweep test for cleaning.

The conclusions by K. S. Chan, P. Eng., Metallurgical Engineer, Physical Testing Services for Warnock
Hersey Professional Services Ltd.:

“The chimney liners of various nominal diameters complied with the proposed requirements for flexible
liners for masonry chimneys for venting oil and gas fired appliances issued by ULC and dated August 31,
1982.

The liner, when installed with the proper care and following the instruction procedures, will provide the
consumer with a safe, highly efficient venting system.”

(vi)



ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

The vent chimney adapter is seriously
corroded after only three years. The opening
was causing the excessive dilution of the flue
gases and the potential for severe leakage is
self-evident if the chimney becomes plugged.

Outside the residence, the chimney
condensation has migrated over a wide area of
the brick work — a tell-tale sign of a potential
problem by visual observation.

A close-up of the damage starting over the
window lintel.
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS
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Close-up of the chimney base.

Note: There is no metal thimble in the opening
to accept the vent pipe.

The Liner Kit: 316 stainless U.L. listed and
Warnock Hersey tested. The kit shown is a 25’
5" diameter unit. The actual kit length required
on our installation was 18’. There will be 20 kits
available for future installations.

The cap in the foreground is a special aerocow!
cap which we have evaluated with the per-
mission of the Ministry of Commercial and
Consumer Relations — Fuel Safety Branch.
The units you will receive will have the aerocowl
U.L. listed cap for instaliation.

Industrial Vermiculite

The back fill material to provide easy installation
of insulating material is a block fill vermiculite.
The block fill insulation must be waterproof
type that will not become water laden by
osmosis. Wet insulation surrounding a round
liner, if low temperature causes freezing, will
destroy the chimney. The use of insulating
material improves the performance of your
vent system by decreasing the temperature
drop in the vent. The use of insulation will also
proiong the life of the liner by maintaining the
flue gas temperatures above the dew point for
all applications properly sized. Nocondensation,
no damage.
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

The enlarged opening.

Ensure that if the open webbs of the blocks
are visible, plug the openings to stop the
insulation from leaking into the block
foundation.

Chimney contractor uses strong cord to attach
to the plug. The plug is used to lead the liner
down the existing chimney and around any
offsets that may be encountered.

Special Note:

The normal installation of this liner will be easy
with offsets of up to 45° angles. If the chimney
offset is over 45°, the outside wall will have tobe
opened to allow the offset installation of the
liner. The use of extreme force to pull the liner
around a severe offset will only crush the liner,
choke the free area and cause you further
problems plus expense. Don't risk a severe
offset with five inch diameter liner unless itis a
12" x 12" tile.
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

Siowly feed the liner into the masonry chimney.

Feeding the liner with the rope being pulled
down at basement level from the enlarged
opening.

The liner is now in position at the basement
opening.
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

Fiberglass insulation is now packed at the rear
and sides of the double base tee. This will help
centre the double base tee in the cavity.

Close-up of the double base tee in place. To
keep mortar out of the vent during rebricking
and plastering of the opening, a fiberglass
plug is useful.

R The Finished Opening

Tod et
#

w4

Bricks should be laid and then mortar applied
as a plaster coat to make the wall smooth.
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

Cutting excess liner material using either a
utility knife or a set of pipe shears. Cuttheliner
a minimum 8" to 12" above the tile liner. The
exact height required can be determined later
when the aerocowl is being instalied.

The Final Cut

Because the material is spiral locked, very
sharp edges are produced during cutting. Use
care or a severe laceration may occur. If you
can work with gloves, do so.

Install stainless steel adapter for mounting
aerocowl on liner.

o —

(L JL FRELY W
Y e d DLt 3 o
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ECONO TECH'PRODUCTS — STAINLESS STEEL LINERS

Now start placing the special mortar.

Trowel up a shoulder.

The finished product.

The mortar should be a minimum of 3" of depth
inside the tile flue and raised above the tile flue
to form a rain collar sloping from the liner to
the flue tile. Ensure that the mortar is smooth,
packed and sloped.
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The use of “approved” stainless steel liner material is a must to provide the longevity and safety thatis
required. With a venting system, the proper care taken during the installation procedure will also
ensure proper efficient operation of the heating appliance connected to the liner.
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The continuing search for answers to the problems with high efficiency equipment venting systems
was long, but in the end, rewarding.

Various people in their daily job functions provided information that kept the search for the right
answers on track.

A special thanks to C. S. “Cliff” James, of Esso Petroleum Canada, who provided technical answers
from a storehouse of information and turned up with the solutions for sizing, friction, loss, and
condensation plus the rates of thermal loss that we were encountering in the field tests.

H. R. West
Esso Petroleum Canada

September, 1985
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ELECTRICAL WIRING

Connect relay Relay
€oit to motor
Hot o terminat in Drafl
115/1/60 Orat burner primary Inducer
Neutrat o Inducer control
Connect hot wire w____.l
to motor terminal
in burner primary
control Hot o——
115/1/60
Neutral

DIAGRAM NO. 1
MOTOR DRIVEN OtiL OR GAS BURNER
Fan Prover Switch Omitted
® Burner and inducer start simultanepusly
® Diagram apphcable when 10tal of amperes for buiner
motor, transformer. vaive. etc . plus inducer moto: does
not exceed amperage rating of burner primary contro!

DIAGRAM NO. 2
MOTOR DRIVEN OIL OR GAS BURNER
Fan Prover Switch Omitted

® Burner and ingucer start simultaneously

@ Diagram applicable when tota! of smperes for burner
motos, ransformer, valve. eic . plus sinducer motor
exceeds amperage rating of burner primary controt

Dashed Lines Represent 24 Volt Circuit.

Solid Lines Represent 115 Voit Circuit Uniess Noted Otherwise.
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To thermostat
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control
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T Dratt
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Neutrsi 60—

DIAGRAM NO. 3
OIL BURNER WITHOUT OIL VALVE

@ Burner fires atier inducer operation i proved

@ Disgram applicable when total of ampertes tor burner
motor. transformer. valve, etc , plus inducer motor does
not exceed amperage rating of burner primary controt
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DIAGRAM NO. 4 DIAGRAM NO. 5 DIAGRAM NO. 6
MOTOR DRIVEN GAS BURNER OR ATMOSPHERIC GAS BURNER ATMOSPHERIC GAS BURNER
OIL BURNER WITH VALVE 24 VOLT CONTROL 24 Vol!t Contro!
@ Burne! fires after inducer operation is proved Fan Prover Switch Omitted ® Burner fires after inducer operation i1s proved
® Diagram applicable when 1ota! of ampers for burner @ Burner and inducer start simultaneousty
motor, transformer, valve. etc . plus inducer motor does
not exceed amperage rating of burner primary control
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Heater . - .{} N
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Ges 5‘* T Trans Reisy _ _ _ e
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DIAGRAM NO. 7
NON-ELECTRIC OR POWERPILE
CONTROL WATER HEATER
@ When control on water heater calls for heat. gas pressure 1s established up to new pressure switch and as tar as new

secondary gas valve Gas pressure switch starts induce’
®When inducer operation is proved. fan prover opens secondary pas valve aliowing gas fiow to burner

L Limit

Neutral

DIAGRAM NO. 8
POWERPILE TYPE GAS BURNER
Fan Prover Switch Omitted
@ Burner and inducer start simultaneousty

OTHER TJERNLUND PRODUCTS

HS INDUCERS

Special design for gas and oil-fired
applications. High pressure permits
substantial reduction in flue $12€.

Increases flow in
warm or cold air
branch ducts.

DUCT BOOSTER"

W

LISTED



PRODUCTS, INC.

SIMPLE INSTALLATION

1. CUT SLOT IN PIPE

(Template furnished)

P e .

NOTE

Inducer 1s showh tilte:l 1 a

2. INSERT INDUCER -

3. INSTALL BANDS

, ¢ (Model DJ2
fastened
with screws)

oo L9t B sheft nenizonie

INSTALLATION AND SERVICE INFORMATION

MOUNTING— The dratt inducer may be mounted on vert cal
horizona! or inchined smokepipe NOTE: This inducer must
not be used in sidewall venting applications Sidewal!
venting requires the use of 8 T)ernlund HS-Series inducer.
used un & horizenal smokepipe Mmount inducer oF ot of
pipe. nol on ton, 1o avod creating & heat! trap 1nondueter Cut
rectangular siot in pipe and fasten in place vt mountng
bands previded (the Mode! DJ2 does not require Lance— use
mounting screws provided: Select 2 posttion betwesr.
bearometric draft regulator or diverter anc the chirney
locating the inducer as near chimney as possible The moter
shaft mus! be level and horizontal 1o avoid excessive wezr o
bearings Do not use 'bullhead’ tees whern conne hing WG
smokepipes together \When tees are necessary connect at
45¢ angle or less! If change in smokepipe size (s requirec use
tapered increaser or reducer

DRAFT CONTROL-The degree of the induced araft provided
by the Auto-Drafiinducer can be varied by the exciusive Vari-
Draft Control Moving the lever of the Vari-Draft while
observing readings with a draft gauge will allow setung for
maximum draft required

Ol burning nstallations and gas-fired units without a crah
hood should include a barometric draft regulator. This shouid
be adjustedto barely close when conditions require ma»irym
effect of the draft induced The barometric control w:it then
open to regulate dratt as external conditions change to lessen
effect required by the inducer

The Mode! DJ2 does not have lever adjustment of Vari-Draft.
but the inducer can be removed from the smokepipe ana the
Vari-Draft blade bent by hand

When several heaters, or a single heater with mare thar gne
smoke oullet are instalied it is possible that dra't ma, vary
widely i 1 each outlet If this condition exists restrictions such
as batfles or locked dampers may berequired in cutlet where

highest grati orcurs Restnctine the oo outlets will increase

draft in remaning conne s

FAN PROVER (Recommended! - [netiuctions for mounting
Prover are packec vt eol prove

The Tierniund Far Frove: bt bed - des'gnied to monnor the
pressure Wit nthe 157 nousnL Gy Amgter o wheelfanure
vl decreaco hous g pressare @on 801udte the pressure
switch thus preventusg corrhusiion

The Far Prover 1s net & safely contre! designed to ensure
proper dratt or tc 1ngicate chimney farfure s the
responsibhity of the ens user 1o properiy ma:nta:n both the
combustion equipment angc is chimney or vent Yearh
maintenance ang inspection shvuid be conducted by quahfiec
service personne! Fature to follow such maintenance anc
inspection procedures may resJitin generation of toxic carben
monoxide gas

SERVICE —Specific instruci:crs cannot be made concerning
frequency of lubricatron Normat usage mill require oiling nc
morethan twice avea: Nomorethan3 dropsofS.A E. 20 oi!
should be used. O!l noles or lances are provided at front and
rear faces of motor Un:is wnh sealed ball bearings wi!
normally operate for years without repacking of bearings

Belts on belt driven inducers should be checked and ad;usted
atleastonce ayear Replace worn belts immediately OnMode:
HD twc beits are used and when either belt needs
replacement, @ matched pair of new belts must be installed

Misad;usted and inefficient burning of firing device may cause
soctand hardcarbonbutldup on inducer whee! Thiscanresuls
in an unbalanced wheel and damage may occur to shaft and
bearings. as well as reduce the efficriency of the inducer
Inspect inducer periodically and clean if necessary Correct
burner operation 1c cleanup fire




ELECTRICAL WIRING
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to motor terminal
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control
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Inducer
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DIAGRAM NO. 1
MOTOR DRIVEN OIL OR GAS BURNER
Fan Prover Switch Omitted
® Burner and incucer siart simuitaneously
® Diagrar spplicable wher 1012’ ot amperes {or buiner
motor. transtormer. valve etc plus inducer motor does
not exceed amperage raling of Durne’ PriMary conro.

Dashed Lines Represent 24 VoIt Circuit.
Solid Lines Represent 115 Volt Circuit Unless Noted Otherwise.

e -

. - T
1 :
Connect retey Retay [ l ( % Fen
coil ta motar ./ b Thermostst F O L) Prover
terminal in g Drat 6 ¢ Break hot ,_—{"\
burnasr primary k\ -3 / Inducer To thermostat wire to it
contro! ‘ ' tormsnais in burnet " —
o ; burner primary motor |+ ] ;
\ i control v \,L 3 e
i To burner motor N
. t terminel in burner i T Dratt
. inducer

primary control e o i
1

Hot
115:1/60 {
Neutra! <

Noutrsl o——n—- . ——

DIAGRAM NO.3
O!L BURNER WITHOUT OIL VALVE

@ Burner fires aher induce’ operation is proved

® Diagram applicable whe~ total at amperes for burner
motor transiormer valve etc . pius inducer Moto: does
not exteed amperage ratng of burner primary contro:

DIAGRAM NO. 2
MOTOR DRIVEN OIL OR GAS BURNER
Fan Prover Switch Omitted
® Burnes and \nducer start simuitaneously
® Diagram appiicable when 10:a! of amperes tor burner
motor, transformer. valve etc . plus indurer metor
exceeds amperage rating o burner primary control
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DIAGRAM NO. 4
MOTOR DRIVEN GAS BURNER OR
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DIAGRAM NO 6
ATMOSPHERIC GAS BURNER
24 Voit Control

DIAGRAM NO. 5
ATMOSPHERIC GAS BURNER
24 VOLT CONTROL

Oit BURNER WITH VALVE
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DIAGRAM NO. 7
NON-ELECTRIC OR POWERPILE
CONTROL WATER HEATER
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DIAGRAM NO. 8
POWERPILE TYPE GAS BURNER
Fan Prover Switch Omitted
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OTHER TJERNLUND PRODUCTS

HS INDUCERS

Special design for gas and oil-fired
apphications High pressure permits
substantial reduction in flue 512€
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Increases flow in
warm or cold air
branch ducts
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ELECTRICAL WIRING _cont. Dashed Lines REPT858N1 24 Voh Circuit

Solid Lines Represent 115 Vol Circuit Unless Noted Otherwise
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Dwyer solid plastic portable manome-
ters arc precision instruments in in-
clined and vertical (well-type) styles
for the mcasurement of static pressure,
vacuum or differential pressure.

To assurce the accuracy required in in-
struments of this type, all machining of
bores and wells is to the highest stand-
ards of precision backed by Dwyer's
years of experience in the fabrication
of acrylic instruments.

Design and Service Features

e 1" Thick Acrylic Plastic Body is a solid
block, virtuglly unbreakable, stable and
free of the danger of dislortion,

e Drilled Bore Accurate lo = .0002" are
permanenlly Iree of bends or crooks,
will nol require recclibration because
of distortion.

e Selected Gege Oil with high wetabliily
characteristics torms a consistent, well
shaped meniscus lor easy readabilily,

e Adjustable Reflecllve Chrome Finish
Scales with thumbscrew locking for
easy zeroing,

e Parallax-Free Reading for maximum ac-
curacy anc consistency is achieved by
s:mply ahgning the meniscus with its
image rellecied in the pclishecd alu-
minum SCaie.

e Screw Type Leveling Adjusiment forin-
chined s'yle gages provides rapid and
aczcurate tevehing with reference o in-
tegra' sensitive greund gS'ces tubble
level

o Furnished Complete with accessories
and plastic carrying case.

Fig. 4-2. No.

170 solid plastic gage
shcwn on stand provided for all Dwyer
portable inclined gages. Magretic clips
are also furnished to permit ezsy mount.
ing on any vertica! stee! surfzace.

Fig. 4-1. No. 100.5 sclid
plastic noriable gage with
10-C-1.0" W.C. range.
Shown with carrying case
anc standard accessories.

Fig. 4-5. tvo 104 solid plastic portable
vertica! ma ter shown attached to
insice ¢’ s cote cover. Gage may

also ke remived from case and used in
stanc.ng 77 on o0 attached tc any ver-
tica! i suriaze wath moagnetic clip
previce!

SPECIAL PURPOSE PORTABLE

NO. 102-AV and NO. 115-AV
AIR VELOCITY KITS

NO. 400

o AlIR

r VELOCITY

METER
KIT

Fiea,
Dual scale inclined-vertical manometer
reads in feet per minute from 500 FPM
and inches of water with 0.01” W.C.

minor thvisions. Furnished as a complete
it Sce Balletin No. H-100.

,Elg. 45.

Complete kits include solid plastic gages
No. 102 or No. 115 described above
with dual scales in feet per minute and
inches of water and all accessolies neces-
sary {or measurement of air velocity. See
Dulletin 11100 for further information.

GAGE KITS

SERIES VT-170 AIR
VOLUME GAGE KITS

Comploe sruse i detenmiming air
\'(:ln'n" o v e onnal pressuee
acros ‘ nangocosls use pates
No. ‘." T AVTATY and No VT
Too 0 et abace Nee Nallonn
e



RANGES AND DIMENSIONS

Suatabde for tota!

Alturacy =27,

Al NSyt

cup te 100 pag temn e atci
of fallscalc VL aimadel T oniy

ap to o0 |

INCLINED_TYPE
EEETE A i
| Range : “Mminor:, , 'l"l‘)l;r;;'r‘x'sl'ons-' .. .Carrylng Case
Mode! | Inchrs of |- Scale. . | Scale —r— - Weight
No. ‘Wa'er..-{DivislonsiLength| A7 - | B | Typo - Dimenslons - Ibs-02.
100- - [10:0-1.0 | 02 Bkl e | 3% | tRieste | 12v xs 6 x| 37
A 5 ,100.5 [.10:0-3.0. Tultye]. 2%  Plastc | 13%x10 x 2K | o1
53 42 f 101 .05-0- .50 ©ogkl 2% |Piastic | 12ux 6ux1u| 35
= | 102 .20.0.2.0 11% 7| 4% | Plastic | 13%x10 x2% 59
B 1025 ].20.0.2.0 127 ] 4% | Plastic:] 13%x10 x2% 510
' 108 50-0- .80 8%¢| 3% | -Plastic | 124 x 6% x 1% 37
== 109 .20-0-3.0 11% | SWa| Plastic | 13% x10 x2% 6
M, s Joso 2 oy, | 3% | Piestic | 12vx 6% x1% ] 310
170 0-.50 §% | 2% | Plastic 7x9 1. 7
Fig. 51 173 0-.25 5% | 1% | Piastic 7x9 1- 6
8. =% 172 010 -1. .02 6% | 2% | Plestic 7%x9 1- 9
Ay I . VERTICAL{TYPE,
| “Range JMIBor“I | Dimensions . -Carrylng Case
Model | lnches of Scale | Scale . |———iup—— —— - Weight
| be No. ‘Water ;|Dlvislons|{Length |- 'C D ‘Type -Dimensions Ibs-0z.
(o 104 04 |0 4wt | 3| 8% | .Pestic| 1214 x 6% x 1% 3.0
o ' 104-6 o6 W10 | 7%° ) 4% | 10%. ] Piastic| 134 x 10 x2% 6 E
T 104-8 O-.8:| 510 | S | 4% | 13%i | Metal | 18%x 4% x2% a1z
¢ ]‘ 10410 | 010 °| 110 | 114 | 8% | 15% | Motal | 184 x 4% x 2% 415
Fig. 5-2.

STANDARD ACCESSORIES: plastic or steel carrying casr,
(except 170, 171, and 172 which include plastic.pouch) pair
of magnetic mounting clips, two molded nylon tubing connec-
tors, rapid shutoff type, one 9" length. rubbe: tubing and one
brass terminal tube, extre bottle of .826 sp. gr. red gage ¢il.

STANDARD EQUIPMENT FOR SOLID PLASTIC PORTABLE MANOMETERS

HIGH DENSITY POLYETHYLENE
- FOAM LINED
CARRYING CASES

MOLDED NYLON
RAPID SHUT OFF
TUBING CONNECTORS

T1g. &3, Exclusive Dwyer lcak-proof, corto-
3100-prod!, virtually unbreatable mcided
nylorn connecior requires just one counter-
clockwise turn to open, one clockwise turn
o cicse. Rotating connector seats on O
ing lor absolute closure and is O-ring
scated at top Connector boay 1s also O-
nng scaled and s easily removed for
tlcaming or addeng e

MAGNECLIPS
FOR SPLIT SECOND MOUNTING
ON ANY STEEL SURFACE

R TS

I

. £3

m——
G §
S——

fig. 54 Dwyer mounting magnets are
attached to all Dwyer solid plastic in-
chined portable gages (left, above) and
furnishcd as ¢lips that can be sttached
to atl Dwyer solid plastic vertical portable
gages (right. above). Just touch the mag-
nels to any vertical stee! surface; pape
witl “'stay put™ untit it is forcibly detached.

Fip 55 Most Dwyer portadle gages aee ta:
mshed with carrying €ases of hugh density
polycthylene 1Andels 1048 & 108-16
steel canes. For protecticn of the gape ang
accessnnes, buth plasthic and stee! Coses arg
hined wilh resilennit polyurethane plasty o5
120, 171 & 172 anclude plastc pouch

have

Nos



APPENDIX

DETAILED RESULTS FOR TEST SERIES

TABLE 1

Conventional

Pressure
(Pa)

e s o St e e s

0

4

6

8
10
12
14
16
18
20
22
24
26
30
35
40
45
50
55
60

4:

EFFECT OF DEPRESSURIZATION ON CHIMNEY FLOW

Test 11:30 to 12:30

Time to Reverse Flow

Seconds

—

no backdraft
no backdraft

limit of manometer

Date of Test:

Interior

Time

January 28,

Temperature: 21°

Exterior Temperature °C

Wind Speed™ kph

*at weather station.

0
1/4
1/4
1/2
1/2
1/2
1/2
3/4
1/2
1/2
1/2
1/2
1/2
3/4
1/2
1/2
1/2
1/2

1987
C
12:00
-11

15

burner fan adjusted for 1.25 USGPH nozzle,

13:00
-10

19

No wind observed on site.

1 - BACKDRAFT TESTING

Test 13:30

Seconds

no spillage
no spillage
no spillage

7
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage
spillage

14:00

-10

19

no oil

flow.

Time to Stop Spillage

e . e e e s e . . . s S o S e e Ao



EFFECT OF HOUSE DEPRESSURIZATION ON FLOW VELOCITY

Flow 1 meter above breech. No oil flow.

Depressurization Feet/Min Burner Fan
(Pa)
0 10 to 20 OFF Natural Draft
0 80 to 100 ON
5 70 to 90 ON
10 40 to 50 ON
15 38 to 42 ON
20 25 to 28 ON
25 18 to 20 ON
30 10 to 12 ON
35 10 ON
40 5 to 7 ON
45 3 ON
50 1 to 2 ON
35 0 to 2 ON
60 0 to 2 ON
65 0 ON Flow Reversal
70 0 to -10 ON
75 -5 to -12 ON
80 -15 to -30 ON
85 -30 to -50 ON



TEST SERIES 2 - STATIC PRESSURE TESTS

Objective

This series of tests was designed to repeat Moffat's
pressure measurements on the oil burner fan. It was
believed that the static pressure achieved by the burner fan
would indicate the degree to which this option would address
venting failure.

In this series of tests the flue was blocked and the
pressure induced by the burner fan and induced air fan was
measured over time with a manometer and stopwatch at Point B
(downstream from both fans). These tests were conducted to
determine:

(a) the time required to reach maximum fan effectiveness in
order to determine the optimum length of delay for the
solenoid valve; and

(b) the maximum pressure each fan was capable of producing
as a comparison of relative power of the fans and
ability to overcome negative pressure.

Summary of Results

The maximum static pressure achieved by the conventional
burner of 19.5 Pa is well below that measured by Moffat in
his tests achieving 30 Pa. Higher results were established
by the high pressure burner.

1A: All burner fans obtain 2/3 maximum pressure within the
first 10 sections of operation.

1B: The maximum pressure developed is highly dependenti! on
supply air as determined by nozzle size and the associated
adjustment of the air supply damper.

1C: The pressure of the draft inducing fan is dependent on
the burner (despite the presence of an operating barometric
damper). This may mean that the draft inducing fan could
affect burner performance.

1D: When both burner fan and draft inducer fan are working
together, differences due to burners disappear. This would
be the typical mode of operation if a draft assisting fan
was installed. A draft assisting fan with a burner reaches
2/3 of maximum pressure within 10 seconds. This indicates
that a recommendation to utilize the induced draft fan would
be accompanied by a recommendation to use it with a burn
delay such as offered by a delayed action solenoid valve.



Test Results

Note: The burners are never firing in these tests. Only
the fans of the burners are used. Pressure is measured at
Point B.

TEST 2A - Burner Fan Only

Conventional High Pressure High Pressure
Burner Burner 0°-95 Nozzle Burner 0°60 Nozzle
Induced

Pressure Time Pressure Time Pressure Time
(Pa) (sec) (Pa) (sec) (Pa) (sec)
1 1.0 1 2.2 1 3.7
2 1.7 2 3.5 2 6.3
3 2.4 3 3.8 3 11.4

4 2.9 4 4.4
5 3.9 5 5.6 3.9 max 30.2

6 5.1 6 6.1

7 6.2 7 6.8

8 9.1 8 7.5

9 11.8 9 8.3

9.5 max 15.6 10 10.0

11 11.9

12 12.7

13 16.0

14 19.0

15 26.6

15.5 max

In this test the high pressure burner was tested with two
different nozzles. Note that the bigger nozzle and the
associated bigger air supply increases the pressure
drastically.



TEST 2B - Draft Inducer Only

Note: The high efficiency burner has an automatic air damper
which is closed when the burner fan is not operating. The
barometric damper was operating in both cases.

Induced Conventional High Pressure
Pressure Burner Not Working Burner Not Working
(Pa) Time (sec) Time (sec)
1 3.7 3.4 3.5
2 4.2 4.1 4.3
3 4.9 4.9 4.9
4 5.4 5.4 5.1
5 6.2 5.7 5.7
6 6.7 6.4 6.4
7 7.5 6.6 6.7
8 7.9 7.1 7.4
9 8.2 7.9 7.9
10 8.9 8.1 8.2
11 9.9 8.5 8.7
12 11.2 10.3 8.9
13 13.8 9.8 10.0
14 15.1 11.1 11.4
15 16.1 10.6 11.9
16 22.2 12.4 13.6
17 o 12.9 13.2
18 14.5 14.7
19 15.3 16.2
20 16.7 18.5
21 17.6 18.8
22 19.3, 25.9
23 26.9

Steady state: conventional burner 16+0.5 Pa (fluctuating)

Steady state: Riello burner 24 +0.5 Pa (fluctuating)

* . .
measurement is the average of 3 readings

Note: The significant difference, given that the same fan is
tested in both cases, was noted. The repeat test with the high
pressure burner was run to verify previous test results. It is
conjectured that the difference in pressure is due to varying air
turbulence at the barometric damper.



TEST 2C - Both Fans Operating Simultaneously

Draft Inducer Draft Inducer
Induced and and
Pressure Conventional Burner Conventional Burner

(Pa) Time (sec) Time (sec)
1 2.56
2 3.31
3 2.60 3.85
4 4.35
5 3.32 4,73
6 5.15
7 4.03 5.54
8 5.83
9 6.00
10 4.60 6.39
11 6.88
12 5.57 6.89

13

14 7.81
15 6.21

16 8.35
17 6.85

18 9.18
19

20 7.80 9.60

21

22 8.56 10.75

23

24 11.87

25 10.48

26 9.98 12.94

27 11.03

28 12.45 14.15

29 14.13

30 16.34 16.88

31 21.21

32 22.68 19.41



TEST SERIES 3 - SPILLAGE TESTING

TEST 3A-1 - Cold Chimney, Oil Burners Not Firing

Pressure at Which Spillage was Observed (Pa)

Observation

Conventional Burner

High Efficiency Burner

Point
Cross-~-over Spillage Cross~over Spillage
Condition 1: No fans on
Point A 5 6 6 8
B 5 6 4 6
C 5 5 7 9
Condition 2: Burner fan only
Point A 1 4 1 2
B 1 2 1 2
C 1 2 3 7
Condition 3 Induced draft fan only
Point A 30 35 23 28
B 11 15 5 8
C 29 33 30 35
Condition 4: Both fans on
Point A 18 24 18 23
B 5 13 1 7
C 18 26 23 31
NOTE: In some cases, particularly Condition #2 on the

conventional burner,
eross-over and spillage, i.e.,
immediately.

Date of Test: March 24, 1986
Interior Temperature: 21.0°C

Time 9:00 10:00 11:00 12:00
Exterior
Temperature:

°c -2.5 -1.1 0 1.5
Wind Speed:

kph 15 19 19 19

it was difficult

13:00

to differentiate between
spillage occurred almost

14:00 15:00 16:00 17:00
3.4 3.2 2.9 1.3
19 19 22 15



TEST 3A-2 - Cold Chimney, Oil Burners Not Firing

Observation

Point

Condition
Point A

B

C

Condition
Point A

B

C

Condition
Point A

B

C

Condition

Point A
B
C

NOTE:

In
conventional

ecross-over
immediately.

Date of Test:

Interior Temperature:

Time

Exterior

Temperature:
° 6.2

C

9:00

Wind Speed:

kph

13

Conventional Burner

Pressure at Which Spillage was Observed (Pa)

High Efficiency Burner

Cross-over Spillage Cross-over Spillage
No fans on
1 2 5 7
0 1 2 3
1 2 5 6
Burner fan only
0 1 3 4
1 1 1 2
0 1 1 1
Induced draft fan only
25 30 2 31
5 10 1 15
19 30 28 32
Both fans on
16 18 18 23
4 11 1 14
12 16 24 28
some cases, particularly Condition #2 on the
burner, it was difficult to differentiate between
and spillage, i.e., spillage occurred almost
April 1. 1986
21.0°C
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
6.8 7.5 7.6 9.0 9.1 9.5 9.2 10.0
C 13 13 15 15 15 15 22



TEST 3B-1 - Hot Chimney®
Pressure at Which Spillage was Observed (Pa)

Observation Conventional Burner Riello Burner
Point
Cross-over Spillage Cross-over Spillage

Condition 1: Burner off, draft inducer off

Point A 1 4 4 6
B 1 > 3 6
C 3 5 8 10

Condition 2: Burner firing, draft inducer off

Point A 10 14 7 10
B 7 9 1 7
C 12 17 12 20

Condition 3: Burner off, draft inducer on

Point A 12 20 22 30
B 4 10 0 14
C 27 33 31 38

Condition 4: Burner firing, draft inducer on

Point A 15 21 15 23
B 21 27 2 15
C 21 33 21 32

*The burner was operated with oil for fifteen minutes to warm the
chimney prior to testing.

Date of Test: March 25, 1986

Interior Temperature: 21.0°C

Time 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Exterior
Temperature:

°c -8.8 -8.2 -7.7 -6.8 -6.6 -5.6 -5.0 -4.0 -3.4

Wind Speed:
kph 28 28 28 28 24 19 15 9 7



TEST 3B-2 - Hot Chimney'®
Pressure at Which Spillage was Observed (Pa)
Riello Burner

Observation Conventional Burner

Point
Cross-over Spillage Cross-over Spillage
Condition 1: Burner off, draft inducer off
Point A 5 6
B 1 5
C 3 5
Condition 2: Burner firing, draft inducer off
Point A 3 5 4 8
B 0 3 0 3
C 3 9 3 9
Condition 3 Burner off, draft inducer on
Point A 18 29 18 29
B 4 10
C 27 35
Condition 4: Burner firing, draft inducer on
Point A 5 18 12 20
B 2 10 2 10
C 11 19 11 19

*The burner was operated with oil for fifteen minutes to warm the

chimney prior

Date of Test: April 2, 1986
Interior Temperature: 21.0°C
Time 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Exterior
Temperature:
°c 8.4 10.2 11.7  13.0 14.1 .8 11,

Wind Speed:
kph 24

to testing.

22 24 19 19

10

22



APPENDIX 5:

TEST SERIES 4 - DETAILED TEST RESULTS OF THE
DAMPERLESS, INSULATED FLUE WITH HIGH PRESSURE BURNER

Test Weather Data applies to all Series 4 tests.

Interior Exterior Wind

Date Temperature Temperature Speed
oC °c k/hr
Losier before March 20 18 1.9 24.7
Losier after April 1 18 7.3 8.7
Piercy before March 23 18 -0.9 18.3
Piercy after April 11 18 7.6 11.7

Temperatures are daily highs recorded at the Charlottetown
Weather Station. Winds are daily averages. For further weather
details see Appendix 6.

Negative Pressures Created by Appliances

Losier Piercy
(Pa) (Pa)
air exchanger
(inlet blocked) 6.5 2.3
dryer 1.5 3.0
both 7.5 5.6



j&

Emironmen:  Environnement
Canads Canads

Atmosohenc  Service
Environment  de I'environnement
Service

APPENIMX o

MONTHLY METEOROLOGICAL SUMMARY
SOMMAIRE METEOROLOGIQUE MENSUEL

SNosSphengue
MONTH/MOIS ARCH/MaRS 19e5
AT/A  CLARLSTTIZCWI (A), PRINCE IluaRD ISLAND/IZS DU FRIUZS ZSCUARD
. e e . ELEVATION. METRES (ASL) STANDARD TIME USED. At 1a O
UT w3 17N LONG 63 O W ALTITUBE. 5%+ 5  wETRES tem: WEURE NORMALE UTILISEE  a=la i7o ;_"\'.;I
TEMPERATURE DEGREE-DAYS REL HUMIDITY PRECIMTATION WiND
TEMPERATURE OEGRESVOUNS HUMIDITE REL PRECIMTATIONS VENRT w
i § 3 TE
' - = [ 3 w 8" 3' - Ee‘;
<] e -3 - [t 4 : ar = ==
2f L ay | ¢ | el | B3 | w2y | sy [EE| gE | ZE | 8% |82 |BE leass §EdE |33C
OATE §i i3 -3 =z g ;; B: |&s <= s 33 = o3 [cecz oxe= |EE%
22 g3l ge | 53 | Be | 2% Em3: |85 B | EI | U |52 | Ey [35S3| mEdg (8Es
is 0 85 %z | =g |85 | 33 | §3 |2 | #z | 85z | 5% |Eg | SB [EEi scpf |
o - E E p-E [ <->- §=¢== Egg:
> HOURS
: .t it SAS Wt | aamm 1S L] L "en an mn on km/n amn WEURES
T 1 lee i =S5 | ®mieD! 2042 27 | 3Ce0 | 5o | 22 S5 | hels
2 | =30 =2.2] 3.9 239 25 |15.2) N (22 ..3¥| 0.0
3 | 2.2 I-;:).z -7 22.7 23 [123.5| W |22 W 8.4
4| 2.0 el ewell 2204 2 8.8| S |15wWSd | 8.7
5 o« 2.2 l 5.1 =1.5] 15.5 20 9.7 S |i558= 5.3
6 ! °2.2 | =3 3| <77 2507 0.8 0.k 28 183} T |28 4e2
7 eii3 | =12.8] e5.61 2T.E 13.4 ] 13.2 | 21 (22| & 32 Er 2.7
8 | o 3 | =381 =100 2843 = TB | 30 {23.3|AW |37 W | 3.4
® !-7.5 L e13.7| -15.8] 29.2 29 |1e.3| W |24 WS | 102
10 =i3e3 | «ifeE| =lteT ! 347 7.8 7.8 | 28 |1e.0 nO 33N 6.4
! K
nob Ly i eia2!] enizl 2200 1.2 ] F.6| 12.31 3% [2..0] s |33 04 c.0
12 0 =T, | =lTed ei2a| 3004 by 3 Th | 36 J21.8 ) L4 | 37 1w E.8
13 1=,z ! eloal| -7.2) 2702 35 | iC.5, S | 15354 | 6.0
W Tal T elllf =80 26.9 R TR | 34 9.c T 15T 0.0
15 0 el.2 =3 -3.3& 2:.3 E.5 1 17.81 25.7 | 36 j2a.0! B |28 L& 0.0
16 | =it eil.Eioefa2] 2i.2 1.0 0.6 4a | 6.5)Sveilznw | 0.8
17 al.i | =3.20 en,2 2u.2 = TRoOL3 | 5.1 NF |15 W Q.1
18 | 2.0 =ll.z) =w.S) 22.8 & | i2.5) SW | 2. SSW 7.9
190 s.2 ) =2 l.57 1643 129 1.0} 35 2.8, £ (37 1.0
20 . =r3E 0 sl 22.C 31 (2.2 W W E.5
i !
21 em.i o elioielIJE) 3TLE 25 |15, W (28w 18.5
22 1 elP o elll e T.00 280 22 [l1.8 W50 |15 WSae | 103
22 1 3. =2.3 =3.2:2..0 21 [ 16.7 S |2¢s 0.2
28 1 LD eT.El w21 16,3 C.2 Py 0.2] 23 |2C.1 S |37 N 3.5
25 | eZ.D o ellic mmiel Zeed 0.2 S.20 19 |iSe4 AW [ 28 Wl | 10.8
. 1 s
26 ¢ 108 | o=aud 30311kl T& TR 16 | 22.3 S |335 6.8
27 . e 251 7.7 | le2| 10.. e 2t s |2 se | 2.c
2% | e2.0 i e2.E =S.al 234k 8.4 | 13.8 ] 2z.00 € |2o.3l iz |2z me | 0.0
2 oSl i -i.8) 15. 2.1 2.4l 17 28,3 5 j2e s 0.0
2 20 .5, €.9) ] 1.9 T TR 10 l1s4.&! s l2u 838 | 7.8
s | i |
N it E T.T 0.3 2.7 6 (205 S tat w €.€
,' " H T Y0Tar Yota. ToTas GIYNRERAS Yota. Fr-mm:‘ WAL WIS a.
LMEAS i ] enT el [7C1B | 4eb 35.a4 | €ued 12046 F 1805 5 |37 Wiwe 1505
MoveNne ! ! 7 M Do aanT
oy~ 1 N T
‘nuuu: - _l P RN e | 6.6 Vi o] w L: ok %
Fo..‘;g Vel l =lel | =2.11€53.9 1.1 . - i 1. ae §5.3 ;‘.-1 " . ot ’r3bo
BAYS WITH TOTAL PRECATATION | .
DEGAEE-DAY SUMMARY - SOMMAIRE DE DEGRESJOURS 0w AvE: MECTATION P dhrlioh =y O
i ] ~ mr. | -
i pm rroa mevon T
ELowwre 0 W Tnw ' wo— ABOVE 5°C o | | - ves laoo | o l’ veo | s
ARDS |  opemaLs 0E 5°C Ll 0.2 1.0 a0 . 1.0 .0 R
AUDESSOUS O WC & ' ! AVDESSUS e | macsmm | or | o2 | ok |00 100 | @0 | OK i0F (@8 | @A
. ! ! SRt | BORE | MORT mlﬂl!l.ﬂ mui-n WORE | mORE
' i w e [ ol el e e e e
TOTAL FOR MONTH ' an. o 5 <] TOTAL FOR MONTH . Gle. o ot
TotaL Dumois | 0+e 704.“ 653.9 TOTAL DU MOIS L6 0.0 i 1'ml nut s vunlruu mt LR
ACCUNULATEL | i AccmTe i | ‘
e b ] 352,07 3516.3] 362440 D ot [1733.311728.7|1625.9 124 8 I 8lé¢|o i s{7|s5!/3}] o
Pperurs L8 1y i | DEPUS LE 19 AVRIL H -
UDC $51.506 1 ( ) Sutmtronon Price: § L0 monthiy . $10.00 pev caenas yew (enusry w Decamber |
Prix ¢ asormement: mersus $108: svwe $10.60 (jarmer § Sscambry |
e Bel
“DTIITIS LATID IOICURRLIT AT SA'E SFIID 3UT KT LIZSISUARCLY FRIITE A3 2IRIITION ada



-2

CHARLCSTTITON! (a) F.E.1.

{ COMPARATIVE RECORDS MONTH MARCH " 26
L BELEVES COMPARATIES wOIS  MaRL
1 T re°Y wnpersture - ‘Coinus T RECORD FOR TWE MONTK
'N::::::‘o: e orTation ~ Millimetres (mm) ? THIS MONTH '“!V;2:§EVEA. ! L RECORD POUR LE MOIS ! s '
'l-ov.n euteu: a8 DIuie - Millimetres imm) : CE M01$-C) PRECEDENTE i NORMAL ! niGHESY 1 LOWEST IR+ A
Sromtal Hauteu: o neigs = Cont:merras (em) INORMALE| MAXIMUN ABSULL ¢ MIKIMUM ABSDLY | ri: '
WO 10veT. V temme Oy e - KiomeweuRS IOVl tum/nit VALYE ! g | VALUE EDATE; i VALUE | DAY YEAR . VALUEL ' DAY | YEAR | & ;
(A A preesre P emon 5 8 RALON  — KiODBS'S inPy RELEVE DATE  MELEVE ‘ RELEVE (JOUR | ANNEE | RELEVE ; JOUK , ANNEE ! > !
I MGHEST TEMPERATURE T — . g
i TEMPERATURE Ls PLUS ELEVES : 12.2 | 30 5.1 | 29 16.1 25 1943 bedy 31 | 1953 43
! LOWEST TEMPERKATURE =10, o L 19, 85 ! w ' .
| TEMPERATURE LA PLUS BASSE e 8 |30 P95 106 1 L [19:5 |06 11985 =23.51 13 | 1943 | 43
MEAN MONTHLY TEMPERATURE - -le - . 702
| YEMPERATURE MENSUELLE MOYENNE 3.1 be7 32| 0.2 1946 7°2; 1967 | 43
[ !
T
U7 TOTAL NONTHLY RAINFALL ! ! i , | )
' WAUTEUP TOTALE MENSUELLE DE PLUIE 354 | 2761 1 3148 | TS 1945 181 | 1946 | 43
f . |
i TOTAiL MONTHLY SNOWFALL - g < ‘ i
. WAUTEU® TOTALE MENSUELLE OE NEIGE ; 81,6 0.0 61.6 166.9 | 11967 | 2.8 R
" TOTAL MUNTHLY PRECIBITATION L ) : I i P P
SIESMTATION TOTALE WENSUELLE 1:8:6 (€242 | ©95.3 !;96.1 I ; 1272 0 adc S8 43
KO GF DAYS WITH MEASURABLE PRECIPITATION P L ! . i - i
NOMBRE DE JOURS AVEC PRECIPITATION MESURABLE po 12 2 5 20 1949 7 129466 | 43
GREATEST AAINFALL IN ONE DAY , j 13,0 |4 I - " Sl ~aeiig Setiha
| WAUTEUR DE PLUIE MAXIMALE EN UNE JOURNEE L1100 1219 11344 ) 12 35.1 (23 | 194 43
' GREATEST SNOWFALL IN ONE DAY ) Vem . e .
. MAUTEUR OF NEIGE MAXIMALE EN UNE JOURNES ’ 17.8 |15 15.9 5 33.8 14 1945 (43
. GAEATEST PRECIPITATION iN ONE DAY : . . , o
PRECIPTATION MAXINALE ER UNE JOURNEE F28.7 115 | 13.8 5 2 112 11568 143
MAXIMUM RAINFALL RECORDED IN- ; : ‘- | ! Eo
RAUTEUR DE PLUIE MAXIMALE ENREGISTREE EN: ! l i e
| .
5 MINUTES i
! "
0 MINUTES : ‘ : !
: ! l
15 MINUTES ' i ; |
; ! . :
30 WIRUTES f ; ; X
‘ | ! :
§0 MIKUTES ; i I ; !
. { . H
| 4 COWSELYTIVE WOURS . ; | ! -; 3 |
' WEURES CONSECUTIVES | i i : 1 ;
' MEAN WIRD SPEED «m = 18.5 | i 18.28 Qley | 274 C 1984 Lée§ 584 38
. ViTESSE MOYENNE DU VENT am a. i ! | ‘ j | ; ' i
MAXIMUM SPEED 1 min: am - 37 AW 08 Ll AM 30 7 BB PLGEE T AT LA S u5eE 31
VITESSE MAXIMALE (Y mur . xmim) i : ; : ‘ ’
Mo Xivyk GuST SPELL «m n ES MW 124 Tud O3 I2NS | 1967 - 61 S RGP
POINTE DU VENT MAXIMALE xm ». : - f i i ‘ ‘ ;
TOTAL #OURS OF SUNSHINE ' | ! . JU . U ame TR
TOTAL JES AELRES INSGLATION 155 [ PP 137 204 Li873 0 Lo D 1F52 0 T
MESY I¥ET ON PRESSIRE a8 mm i : [ . [ ymsm . e
; PRESS. 0N MOYENNE & LA :u.nun e bY ut.‘ i uDC.j'?1 ; X037 10“12_ | 1567 1 95.60 I15er 24, !
i . 1§ N i
SRE: TEST STATION PRESSURE we, am A . , ’ i
PRESS.ON MAXIMALE A WA STATION (xPu: ..,3.02,; 25 . 103.71 07 I 103.69 13 11964 ’ f ' 10 ;
© LEAST STATION PRESSLAE -xey. os oot ‘ i e gt vepy ! '
| SRESSION MNIVALE A LA STATION fxPu: GE.EL Q71 98.2 15 L l ‘ §5.41 117 ’ 1561 10 !
CLIMATOLOGICAL DATA FCR THE PAST YEARS !
DONNEES CLINATOLOGIQUES POUR LES 10 DERNIERE ANNEES '
v T T -1} ey . ; T — X
veis et ol e L e avee | wauteur ] mecs | wwomter | oweestic | 0Ll ot Bars | oggnts ar: i i
aaat e | Tew i MAUTEUA CE 1 mAUTEUS BF o | VTESE L umst | aenes  logoaesscuas | otoaus.ooes !
wiruis | waeat | woveses Rk ] e wrae gV RRian | mIOLATIOR | ot thavire [ 0€ cACgRancs
— T - ]
. ! ) .
L L L3e3 eztal | =290 1244 | 4B.5 61.0| 20,8 |5 EG! 164 o 12
b= L e ) 58l 0.9 2800 | 5.6 | 107.3) &9 |é5 W 126 | 586.6 | 12
L P69 | =157 =leb| 12.2 | 5.8 $5.0] 2.2 |5 W 137 | 797.6) | 18
S P23 -15.8 =hel 264 k.0 66.7 234 56 :\.\A 119 62306 i [
by P33 -4 .5 3t.8 31.6 69.6] 19.1 |67 G Su 572.71 0.3 ! 13
Pl P os.D | =2tu2 | =ke2| 33.0 | 2244 SkeS5| 184 Lo WM 156 | 683.6, 0.6 | 12
- bazim | w1zl 181 54.9 2L.3 75.9| 22.0 |65 W 8E 5:9.;; 6e7 : 17
bl D138 12,0 =3.8{ 75.9 56.9 129.2| 27.3 | 5% .E 126 677-3| kST
It I 3.1 | =15.58 -4.7] 27.1 | 4.0 62.8( 12.3 |L1 WM 1.8 | 7021 o012 '
Pl L3202 | =158 <3.1] 35.4 | €1.6 | 110.6| 16.5 |37 M| 355 | T01.8] 4o | 1
!
A |
i ! i |
. | I
! i




- -

CHARLOTTEIOW.: (A) F.E.L.

WIND SUMMARY (Kilomews: pe hout)
SOMMAIRE DES VENTS (Kiiometres par heure)

MONTH -ARCH
MOIs  APCH

1®e

0 02 |63 o

kbt
0s ;06 |07 |08
o i

lee 10 vt i12l13! il

|
i

»
oy

Posr Gun
LT

e ——— e = g g —

10

11

12

13

14

18

16

17

18

N

LS &2
T TN 7 S It A A B

;| SA SW|BLIWSA

$i83¢ sfsa‘
22t 190 15
5, 3 ¢l ¢!

W[AS (WS W
250 150 150 15

13! 21y 15, 131
s 8!
9! 5!

S S|sSW
5 13; 15
!
9 9
'.Gn'i 'Ili
WEAWSH &
I 7i
¥
9

!

owm

O n

|
i
l

S

IS
< FEBR b
9 9

WS A

i 13

)

[~

7

S

0

' H 1 | i
| 54 SSiW! SSW SSW} ASH WSH WS4 3d
1% 19 150 15 22 1§ 15,
W3 N Ne W 3
19 190 220 22 22
u]'.sec WSA: WSA "
13] 13} 13 15 15
S. S| SSwi 5S4

5!
1‘1‘}
iGi
Ssé
i

S!
11

-~

BB =
Hoho?R.

3
—\n

N

. 1
Sd SSA ssi

&y

,,
| g
]

__,
L5
0E
.

-4

2]

o
oY
Bb

P.
R N VS 4

a0

Sil‘

et R R~ SR B KR R GUOND NI D N W NIEE

22128 28,28 26260 28'22; 220 280 22 15 1T 130 i3 G il

T :. ZIET.OELIE RIS EBES LE. NSIA SAEIAST W
vifozi 2§16 20122, 2833033133 28y 22 §roil, 26 280 28 20 2 22
ST ESINSVISE . W[ W, Wl W] W W[WA S WG] W W W W W
| s s 13 20'22022,15] 26| 25! 26! 30! 33, 37 37y 33 21 26 22 22, 22 19
KES i A ] AMSANESH | Wi W] W WIS SWIWSH WS ASH: WS WS WIWSK W
22 15022.15 19: 131151 22| 7122’ 22 15 19 19 191 19 24 13 S 9| O
conoombonbowtoni ol ONEngpeEs N, XD ONDOHpmED X 3 [SSY.ssW A’ B
2'-,33&25,26;26‘,22|19{’1: 29019 ns 15§ T T 9l 9 9! 13i

' o P Pl :
ol =;‘s.-:’e.£,'=‘.s-=»‘?salss SE: SE. ST! SE'SSS.S5¢ SS4ISSH WS/ W Ml N N
pi3'2z 22 20 28,22 2z 22|20 280 25) 26! 28 2 22 220 19} 22) 1§, 19] 2%
Come im0 AT A W W e B I W e W N W e REB Y |
137037030 22922t 22019116122, 220 28 28 20 28 28 28 28! 22/ 1% G O
LT T sisSi 8v . S°! SH! W SSW SSW SSH STV SA SSW SSA, SSW SSW WSA  SK,
gt et ot il 1slaiiany 99, 13 150 L5 % 5 03 15 11 i% 13
(SR WETSS. 1 | 1 TEEIEE 5| EIZ3, E ZiZE I ESES EXTEN
Pssl9rcooCyp €Sy Sy 9 91l 13 i3 15 1% 1l 13 1 il S
2=z, ¢ =, 3] i 5) £ B, BEE EE ZEE L& B IE E CE T
PL3L3 ~‘-’ 5 1% 1S, 19! 15 24 2:' ‘.9; 5028 15 19 2'." 2 2x& 2 Z?i lsi

' : i | ; | : I : i i : : i .
TS TN N A W ‘ P & ‘ R I E o= f
28 28022 1% €4 %, G, ¢l CcpCcoCof T coCc s C 7 7 C
o [ N T ¥ AR T G o tr .- S - T
oetziocrel el e el oz el Tyoeliis a5 ol i L S CoCo &
'S0 S0 S0 S 8'SSW £ ST SISSWISSH S SGW SSI AT S 3¢ Sk S ST S
ST oEr oM. s THo7b 7 & goiE i 2. 13 iS22 1% 1T L0 1S
S: S¥ SiSs s & S s § §&§ s 5 £ S 5 5 5 S S §
t. 1% 230 23 i, S, 220 28 36 2z 25 28 28 zi X 33 23 33 37 37 a8
357 5SY SASSYSSY & 8T WWSH ASS A W W W W WWWWIR W W W
2 2z LT 6t 1@ 1 161 3% 3% 19 22 28 20 30 22 2 25 25 28 19 i
: o i P : R e
eEnh W W W W W] & A wWa A W W W Wit AW S S
Vil zeo 22026 zzi2z 22l 2z’ 22 28 28 22 2 1T 12043 18 9 9 1r
| S 3@ 5.4 5Si SSi SSW SSA. Si!iiSd. WSA WSA WS4 WS WS ASA Sl WSK WSW SSH SSA Se
bomooeposho7o o 7ba iS22 1% 13 13 15 13 5 13 k7 7
"siszii sl glsss & sss s s § S & 8§ S s 3 § S ss=
P T 5 6 g 0§ 5 9 91T 1% 19 318 22 22 2. 26 25 2z 15 22
' S & S S &5 5 & &£ 354SS4 SAd S SSWSSHIWSA WS W W Ne I
' 2323 1213 € L3 o© § 13 1§ 1f 1€ 1P 19 1§ 22 13 22 37 33
. WA T W W W W W N I W WS 8 SSH S
2 o2E a2 2zl 22 22 28 223 % 241515 9 7' N
: : ' : ! : . A ; ’ ; | i : : : . :
Posien = o= s! & sTisssf & § & 8 sssi ssid 83 Sd Sd s sS4 S
| 12 iii 15 13 15 22 180 25 28 33 22 28 19 22 25 19 26 28 23 2¢ 22
(850,554 §ii 50 SY Si S¥ SiWSHAEdWS: W W.AM 4 B T E ERE ik
gz 22 28l 220 220 221 15 1% 15 22 2 19 15 13 1% 15 22 13 13 13 22
2 S 3z ZiE Baz HE E D NN KW NI T
; z.—] zsl 201 16! 16 280 28] 2iy 15 22 22 22 20 23 25 1R 28 Zi} 2 25 23
‘ENES W IS s £issE S S 8 S § S S §ssi St St
1o ol 2l ¢l sl 13 S| 13 22 2¢ 22 22 29 28 25 28 28 23 1§ &4 1§
"3 sstissi ziwSe S S S § 3 § S5 s & =& § s 9 gsss
' H i ! : H . e . B . i £ ~
s 7 a0 T S 6ni S5 13 13 5 15 -9J' 19 15 2 2
+ ] N d
=i 3| s| s s! s sf S| s! sississilwsd W W ;:.i.«::.j.m:.il'.f.:! T
:5i = z:} 28] 220 2¢| 22| 1| 220 22 19 22 13 13 195 2 2 22 22 9

i {
i |

NN AEEREEN

T Toa Ton Tar ]

S

1

ﬁ.‘\bﬁ:ﬁ Q.tz_z‘. e
b lniea

I3 2_:3‘
|
c c!

o8

15 15
s s
35 33

n
EaeENLnob B

&

w

Rekh¥

“
w3l

4

A
W

1
FAl

37

Bwa

[3

é

L~ AV

wEwr w

61
52

L

EcOfF%n

B
Ll

S
L

d
&

0332

050
1300
| 0200

2300

138

On nehaue un vent & ouast 0o 13 lettrs W',

*incacaun iate’ ocoutrence 0 EMe IOSEC
*incqus Gm OONNIE DOStaT U TES O 18 MEMe vilmme

0000




3 -

CEARLSTTIN L A, - edel.
DRY-BULB TEMPERATURE SUMMARY * MONTH g :
SOMMAIRE DES TEMPERATURES DU THERMOMETRE SEC* MOIS ! |
cew] 00 ' 01 | 02 03| 04] 05| 06 | 07 ] 02 09 | 10 EEEREEEEEE R ERERE 22723,
1| e38) 2 27 -2 -3 -39i 3l -2u =28 =27 -15) <32l &l o6 o9l 12 i 0z -18 -25 -3§ -26 -3 -
2 | =7l =85) =57, =72] =72l 75 w02| =62 =33 =l9| ~i2| «35| «3ul =ki] =Ll] cii] =l3] =uBi eu§ =56 =bd <70 =36 =74
3| 3il iy =270 ebhf =38 <29 =31 =351 oSU 73] =Sei k2] 320 =211 =0El 0O0] Q4 OO -6 -i8 et =60 -u8l .32
1ozl el =35 «bl] =T =bo| =08 =106 =3Bl =£2 -u.’ .22 ‘=§ 08| 11} 15 17 12 <03 eill 24 =42 =L9 Ll
S | 3] i3 =iF; =551 «355] =60| «37| 5. -...di =27| -z2i =08| 03! 18| 24 .28 25 19] 4 C6 -Cj 14 =2z -zl
8 | =32! w2l -2t -2o| =29 -u7| =56] -63] =6&] <7u| 76| =73| 78! 51| =1 ~eu| =7 35| =38 1331 =10 -nj -122 =133
7 le130ie125 -11:,-'.3' «137 «106{ =108 |=11€i =114 =1C1| =9L4| <F4 -~3i =51] =07 =6 =67 =72 -;7* =il2| =119 =114 =118 =122
8 |-12:-11.-1021-107|-108) ~109| ~111|-111) -108) =96) =951 39| B9 =£5| =] -73| -6l =30 -30 =59|-104 -112 -116| =122
9 |=l32/e137le1dlielll|=143] 152/ =152{=155] =152} =136|~120(-112|~112{=102| «9Li «&Q| «301 =82 =51, -i00|-113 =121 =110 -13“'
0 e :)Oi-1 D!--,,;-lji =170| =180] =192 =156 -193{ «178{ =162 ~162 -:i.51»i “li|=iLB! =1 k2] =137 =147 -lAEi =143} =154 =154 =15 5ui
AR Al N ,
1 1*5~x-r,u~-;.2 “134{=126] = §9| =2L| =48 -t.e; -32] 20| o8! zs! Ji| Lu L2 36l 08l <07 =20| =i -&J 3L =5
2 | =271 c3L' o5uie102(-102 =108(=110(-112! ~103] =92] eBu! =B0i =7Ei =79| =74 =761 =730 =77} =33 =107 =104 =108 =151 =168
13 oL erTe mled =1u | ~138] =154 =160/ 156 =147 =142 ~112| =31] «T(! =60| =45| <3k =Dl =il -4D -21; 2§ -23 =26 =22
4o eI -27 -2z =36 =33 —w0l <370 235 =37 <32) <23 -1t D5 W) D6l <021 -13] =12) -lS -180 -2l <24 <25 <25
1§ ezl -2z, 27 -33} =35 =351 =33 -3t -;L: -311 =2¢ -22! =13 ~12; = -1l -1z -2l =33 -2l -ll =Wl =56 =52
. k , | i ' : % | § i |
16 31 62| =83 =B7|~106=104] =100 73| =59] =k2! =35: =15 <7l 23 -23 -2"i =25 =271 <32 <33 -0 -ul
17 D eu3| L] =58| =57 @5 ekb] =il =26| =271 ~X! =25l =25 =251 =33] =32 =33 b4 =68 =66 =c2
18 02 e117] =114[-119|~122' -134 =81| =50 =33} ~6i 101 16 18 22 22 18 12l 03 3§ 0 =
19 0| =22 =24 =28 =31 =23 «10] <03 13| 15 2. 26 G 3 ¥ 36 J “? #5535 X
0 53' LG 53] 45| 4O 32 Wb LT WS 33' 21| 1% 15' 121 %i -10 =2z 3 -;:? =78 =S4
{ ! ! :
o 1i7 =152 ~156 ~161] =162 -158 =108 =135 -.32! 23 -116 =105 -oon U =7 5% =55 -104 108 -1 d-l;-_i
22 etiifwiid «117| =120| =123 =102 =34 -7 08| w3ul =l2| =29 =24 -ﬁ =20, =i2 =33 =4 =35 =61 =23
= S7U =8l =8O =5l] =30 =62 =4 =26 =200 G2 220 25 32 3@ 22 14 =oL -1y =22 =32 =37
24 —7) =S4 =kd! e3ul w52 -al 25 <11l 0 15 25 34 32 29 13 08 -lk =33 =ib =23 =<
2 =24 -6¢‘| =53 <3g|=13% =57 =B& -82? =77 -c&i b5 -5«1 -53 i =34 -3=1 =s5 =54 <35 -:11 -
i [ U | n P i | b
25 =37 =25 =23 =18/ «3@ 02 13| 24 W 57 36 37 'uJ 00 53, 90 SO &3 g3 =3
- &7 73 s4 & 73 &5 2 75 6 25 LA 00 =0z =08 ~i3 =10 =13 =12 =.7
22 =23 =24 =2& =25 =30 =30 =20 =20 el =20 =2¢ <22 -3‘ =35 =35 =33 =32 =36 <37 =38 =3
b =72 76 63 8«32 2§ <02 0o =& 12 . 39033 W L3 w0 W W W S
2 28 2 24 2 1d. 24 37 e X 52 5. 84 1ie 0 % 7 & 7] &4 &l S
M f2l 5i 5 52 3a 63 €2 63 75 100 113 103 82 & T4 T 57 43 W ua’ 52
'Tunmwm in twnths of degrees Ctlsun ~ Tempérstures en dixiémw Oe degres Cdsux
S 00 01 02 03 04 0 05 [ 06 ;07 ;OB ;02 (10 | 11 ;tz 113 W is i |1l teln
, P ’ , i P C | ! | | i
; : A i o
: : f ) ! : | ! : ! - | ! i i ;
2 i ) 1. H : i ! ! . f | ; ' 1
: o [ o SR . A
3 ! H N : : H | ! 3 i ! ’ ! { '
‘ SRR R I A
6 : R T A S N R A R | A '
P | AT R T A T N A ’ .
. R A | !
< . i ! i : i i !
OIS ; t Voo | b |
; ‘ L | ' : | l
11 : ; ; ! i | i
- b | I -
3 , I e ‘
w ! : ‘ ! | I i \ ! : i ! : ;
13 ; ; f : ! ! f : | :
a0 Co
A . B
12 " ! ) 1 : l | P
! ! _ ; 1 l ! | .
x | ; |' i x | ) |
; : f ? ! i ! | ! :
a0 b 1 | | !
2 | i : ! | ! | !
3 | j ' , i '
24 ! i ‘ '
A . |
S | |
a7 : | ! g !
. * i ’ ‘ f ) i f !
e ! i : f i
T e l ) I | |
|

T




l‘ Environment  Environnement
; Canada Canaca

Atmosphenc  Service
Environment
Service stmospheénque

c¢e 'environnement

MONTHLY METEOROLOGICAL SUMMARY
SOMMAIRE METEOROLOGIQUE MENSUEL

MONTH/MOIS  AFRIL/A'

AT/A CHARLOTDZTCE! (

4) P.2.I.

1925

. L e > ELEVATION.. METRES (ASL) STAKDARD TIME USED ATea 1ol
WUT e s 17N LONG £3° O % ALTITUDE: 74+ 2 METRES thmas HEURE NDRMALE UTILISEE AT TIIUT
TEMPERATURE DEGREE-DAYS REL HUMIDITY PRECIPITATION WIND
TEMPERATURE DEGAESJOURS HUMIDITE REL PRECIPITATIONS VENT @
e -
3 - z ef T Ew
w 3 3 3 W 2z | w2 w 2e>
™ g £ S - & ga - cex3 S%s
¥ | sy w | ef | g3 o w |By| 2B | ZE | 8% | 82 | BE lopan gsig |ast
e | §3 | 33 | ¥IE | 22 | B i 83 |gf| §3 | g2 | ES |z (8% 5 bisc |zEt
<s £z | §x | 55 | &= x%x | g% (= | E= E | Za £ | £» |T555| 3E32 [EE-
5 | 53| %5 | £5 185 | 35| E: |3 o | Ex | E5 | BE | £E |25 85u4E (&
(-] H [~ = = E“' E <= |[E32E xo%
H 3 £ > |aPCel czEy
23 nouns
°C °c *C RASE WA | BASE 8T % % rem om mer. om kmp km/n WEURES
1 1C.7 1.6 6e2 |11.6 1.2 Z |1C.t W & €eJ
2° ] 1. 0.5 7.7 |{10.3 2.7 TR [16.8 jsvrl |23 3 79
3 5.0 =3.2} 1.0 .0 TR TR | T2 [21.0 ad L2 0 <.
4 o] =3.2 2.4 15.¢ = 15.;) WSW 12 NE E.&
§- "loa —E.C -i.;.? :-2'9 -ds TR Tz 2CeD " 3:4‘ o ;:.3
|
6 | 2. =2.0{e=2.7 |20.7 TR | E.2 |Svrl |13 - .S
7 L.z ! -..5] C.l 17.9 Se 34€E = 1.2 S 122 332 | lea
8 A A A 2.6 | 5., | 2208 | 2T j2z.3 ! 2T |2z oz
9 3ad ! CeE G zel 5.7 7.6 ) € 250 2ZE o133l
10 5.7! -0, 3 o 13.2 2347 13.7 sy le.2 | 380 133 S3ii 2.5
t : | .
| } _ i e L A, :
1" Fe2) =il kel | 135 i SA 1.4 0 TR ey 28DoiLE DT Lol
12 E.Ti J.s | 3.3 1.7 2.2 z.z PO ; oy ;.‘;: IE
131 Tezp =250 2en laec | Lot Soolzaojiial sminna | 50
LR NS EEPICH I IPEIE I TR a0 5112353 | 6.7
o1 Tz -nzl 2.t RS Topited Riee o) 53
i ! U A . AR B A R
16 1ef =2.20 =003 B3 3zec 3.2 F Piel P IR
73T =Ll ofea )il | 1.7 1.7 | = Lz ST
P8 LaED =Z.z: 005 g 1TWS P lsllr T Tzt
|1 el -3,5i 1.4 t 1zeé i ‘ P = WZ i LT Sec
i PR Tl B T O e TRTR fil. ] IEm
; 2C : 7 ST laed | | <o- ! - ;=
' T i ! ‘ | ; ; i i
S S T S P e L B Tl | | = TRETR O s z.
[ 7 S :.7i WA LOTLE | 3.5 PCa2 Sei TR Ll 3 Tel
: : s < - e ; ; G LA = s, I
R A - B B et T A | 1ol RS B I
I RN -l A S T 22 | 2ol | o ferer s -
A -.3‘*:-._ Ten | Sec ew | el | TRoli.l.  Egcit 3.5
H ! | 1 . . : '
! i R - i - ! - ! o e m—
I‘ 2€ ! iles . i Lo T Sl TLT L Ceds , Cen ! (lieo ! e 2.2
b2y SRR I teoi ol I W b oz.e Zee | e |2
D28 R - R e y i Tt 2. O T !
: TuC | E.D | 134l ' < o SR Ciz LT
| S N T AP l : o EESOR ET -
0 i Ced iy iweD | .2 i ) | et el & “-ow
i | ! . ! i |
3| i . 5 | ‘ |
wEAn t TOTAL Teta. TCAL TOTa, TOTa. ¥CTaL i PECALING WAL wia.
! ! ~ - ez i amm Caz . e = &
Mo vENNE .7 i -l L2 5.6 36-, 10444 1l1.4 “,,C' i ‘/,3 - ! Wl el tl/._
. t i l:oh--n'ry .
NORWAL | _ i o N R i B L.
worwelE:  £.20 a1.8] 2.3 [47i. 1447 i 53.% 27.3] ClLe8 {22.20 & focet
OAYS WITY TOTAL PRECIPTATIOR |
g . . DAYS WITV SHOWEALL
DEGREE-DAY SUMMARY — SOMMAIRE DE DEGRESJOURS JOURS Av:a:::émunon. JOURE AVEC CHUTE DE WEIGE
| ; | | { | —e ;
' ™S mEvIom | H ng [T 1
l SELOWIC . :::1 g e | e ABOVE 5°C :::1 i wommaL ! | i ! : i
AUDESSOUS OF t0°C: Anaty nomMALY AU-DESSUS OE 5°C Amnit WoMmALS | 0.2 | 1.0 | 20 {100 1800 0.2 ;1.0 | 100 . 80¢ |
:::ul"‘“‘”"" H couns | MectoPTy IOI‘ORIOPrM'O'-OI.l! on i oor |
: ' ! . | BORE | MORE MORE  MORE ! MORE: MORE : -ou WORE | MORE
. — sk o e v o ek e
TOTALFORMONTH | . c o' 2.2 | ,=-.p | TUTAL FOR MONTH sl eolpl gl ter louioy |oy ' ou Loy v ou |
TOTAL DU OIS | L-5.-! 9-..9:, L7l TOTAL DU MDIS 3200 ot 1..7!nus AR -p.,u; ;n.ux :rws i mus inu s |
. L L ! ; ‘ 1
| ACCUMULATED | l A‘:::u-uu'r:o i ' ! i ‘ ' 5 | i
NCE JULY - L omm . NCE APRI - = , = ag ;
AECoboLEs || 4332481 4430020 LiTE. e b 3z.5, 0.4 1..7] 13 ST 2 ' 2 ; 2 }
DEPUIS LE Y JUILLET i ! DEPUIS LE 19 AVAIL f ' i : | X : I i |

UDL SE1.80E 1 ¢

Simemrma—e -

-t e

el s O

o\ — o —

o~

.-

e

tem prmen ;e
Vet e e R el e s -

cmam b
Tea

RUDIOIUROMMINE SRS SN

Supxronon Prics: $1.08 monthiv.$10.60 De- caente yeor (Jenusry 1 Decomper)
Prix d'sbonnement: mensue $106. snnus $10.80 (janvier  Oecambre!

-

i
[ 8]

e

=~y
S v ban i,

-

-'a

Canada



-2 =

s = ‘
ChaRLoToIow! (4) Be3.I n 24
MONTH AFRIL
AT ey
COMPARATIVE RECORDS s AR RECOMC FOR THE MORTH 11 £
RELEVES COMPARATIFS PREVIOUS YEAR RECORD POUR LE “OI[OM‘{T 8.2
' - Comiun THIS MONTH NEE HiGHEST B gLy 8=
o/ Tamperature X ) AN NOAMAL MINIMUM ABSOL 832
e i— T Munmerrae mm) CEMOISTI | pafCEDENTE |ammars "AXleMﬁ\:E‘ngLEUAﬂ S TaT Toar | vEE 30
Rainfail/HauTeur a¢ Biue Conuimstres (e™) VALUE | VALUE ' > NNEE | RELEVE | JOUR | ANNEE |3
tail/mauteur G0 neige = e 8e rour tkm/m)l VALUE GATE RELEVE 1JOUR | A
r::.,..g/vnnu au vent = KilomereuBs Nour e | RELEVE pATE RELEVE | * 5.0] 93 19571 43
' : - H -3.

$te 10n Prossura Progsion 4 18 SATIOR  ~ Kilopsscals o] 26 l‘\ N 25 22.7 29 7 ‘“3 -

p— - T 18 b 04 L3
HIGHEST TEMPERATURE ; $82 | n 6 1964
TE‘:APEMW" LA PLUS ELEVEE . ©.8] 09 11.1 | 24 | 1558 12.2

=6.0 |5/8 ) ' 1967] 43
LOWEST TEMPERATURE ; 1951] =1.4 19
TEMPERATURE LA PLUS BASS . 0.9 2.3 4.5
RATURE =eJ 43
MEAN MONTHLY TEMPE = 1973
TEMPERATURE MENSUELLE MOYENNE " 15.4 53.7 |12L.2 1582 3.3
136, ) 951 | 43
TAL MONTHLY RAINFALL . , tem ™ 1955
:iunun TOTALE MENSUELLE BE PLUIE - 2.9 27.3 |110.5 572
L L. 1964| 43
TAL MONTHLY SNOWFAL 14.7
mmun TOTALE MENSUELLE DE NEIGE 39.1 1.8 {162.3 1546
22,0 * 960 43
TOTAL MONTHLY PRECIPITATION e 1974 5 196
PRECIPITATION TOTALE MENSUEL 15 13 13 a S 3
IPITATION -
AYS WITH MEASURABLE PREC - aga
:guo:ng GE JCURS AVEC PRECIPITATION MESURABLE s6.8 | 1 621 06 53.7 | o1 ' 1562
* L3
REATEST RAINFALL IN ONE DAY : P P15SLE “
AL G LIS WA B4 Uk i .4 107 | . C8 S 3 |
NOWEALL IN ONE DAY : * I sy 1 wagnt L3
E:E?:u"fnss NEIGE MAXIMALE EN UNE JOURNEE 35,8 | 16 | 11.6] ca 52.7 ¢ St 1582
=r%=] - - } : ;
PRECIPITATION IN ONE DAY [ I | ! ' . ; i
E:gealﬁr;:nan MAXIMALE EN UNE JOURNEE ; ; [ ' |
: ! i i
MU RAINFALL RECORDED IN: : | ‘ i ! | 4

! ::G(TE:R DE PLUIE MAXIMALE ENREGISTREE EN. l i ! ; E a i

i H ‘ i i i

{ 5 MINUTES [ ‘ ] i :; : i i

i 1 ! ; | | !
16 MINUTES ‘ | i la ! ! : ! :

D16 MINUTES ! H l ! ! ! |

i | i | { { t

! s . P | ; ‘ i |
30 WhJTES ! | : i | i :

! - i } ! i | ; i

© B0 MINUTES I : ‘ l } { ! ‘

i : 1 ! - -

‘ NSESUTIVE WOU®S : j 1 , - 172, 5

! “52:95: CONSEZUTVES : - 2ol [ 25,2 1FTE LTl . !

‘ . ‘ . 125,32 :

© MEAN WD SPEET amr 123 ! T ) X : N LoTL 3L

| VITESSE MOYENNE DU VENT o ' 83 e gl izz zZ2o LTIl e

: aow N \‘b - - o I - -

LMY SPEED 1 men) txm " 2l : | I - S2e3 gl Lot IFier 32

© VITESSE MAXIMALE ‘1 munt txm ns e 17 155 E3e i ‘_.;. = ERAT R

© AR GUST SPEED wm ) Tk S5 ; : sz~ 2= SIS
POIATE JU VENT MAXIMALE xm vy , A S il HETIRE

- ; 13 Lo B z 3
GTaL #OURS CF SUNSHINE . L e — AN 2z 2o 1303 23

‘ iEmcz:awﬁs INSQLAT:SH, T 13480:101,33 LoeTle T e i . ;

i raTion PREEURE Y ) j159.67 ¢ am agael i i IO

1 PRESSION MIYENAL 2 LA STATION e o 103.25, 07 | 1% | | ' :

: ZEESTEST STATICN PRESSURE -i:Pl») 2 étk l - =5 -—— 1382 13 v

| PRESSIIN MAXINALE A LA STATION xpa: [ 69,5 1 PTeerer U7 lFe2 ‘

. . e €9.57 :

1 T, z 'RE kPs 77

U LEAST STATION PH:ﬁSL . | ™y ‘

L PEEISION MINMALE £ LA STATION 7 € PAST anibs anntes f

T CLIKATOLOGICAL DATA FOR TH st 0E ! : .

i DONNEES CLIMATOLOGIQUES POU Ty ; i

: mazseees .,.;..E.sg i :

[ FALL [N

. v ot e KauTEUR e m!: ot Rt msCLA 2h | '

P veas e Tewe TEws huii 8BS = 1. |

[ .Al‘l"k! wihwall MovEThE 5'- o pE-I .- 1 ]

; - 3 g "z b

; - 5.7 3.3 62.2 l:.7 72 Y PES IS '

‘ 1. : 1.3 2%.5 | L2.0 Lé | 13 . [ ~

.l 19__‘. -;0-3 .-; I 57.3 u:l :Y Tis _2 | i

! 13.1 -C.Z 0.7 f';': 40 37 U J.;J 12 l |

{ - =: =L b 34 szl 35, R s 163 2 i

s ' 2l.a2 .3 2.2 : 125 ! ;
PO LA -5,.5 Led Cie e s e by i i

‘ 1652 1 1daz 27 o 0.9 | 252 50 15 i {

| ores: 1%.2 ] =%.9 2.7 7¢.6 | 3.5 e B | 103 D |

ez | oata | =27 27 103.5 | 2703 S IS I

| 25551 &3 | =S| Les | 193 51 u.2 2l . .

| =237 P -t b 2.2 aVC e i W }_,7 1z ! ‘

S 16.L | =2.2 g 17e4 | 2L.9 Qs i |

R o ZE)OS3Ann) ud ‘ |

toegza iCe b ’

b= t ;

, ; l !

| | i

| |

1 i

t :

[} !

[




ORY-BULB TEMPERATURE SUMMARY * .
SOMMAIRE DES TEMPERATURES DU THERMOMETRE SEC®

MONTH
MOIS

AFRIL

T

AVELL

Date

00

T

o1 |

02

05

Y

05

12

IKE

20

1| o5, | 42 8131427 2 |18 |3 ) Wl €2 |6 | T3 % ln 5 2 |133
2 ol 7n |60l 55| 527 7u8 ) W2 Er | &2 | BLTII027] 1170130 141 r138 140 11 ) 90
3|2 |07 1| 1a 1z s |22 22 2273 |25 |2 | 35|37 L] 2] 37 32
4 |e18 |@2i {e2 le23 a2 |24 |=32 |e22 |=C1 |7 27 Sy & | 67| 23 ) 58 Sl B2 | A
5 =23 (w27 [=30 =32 [=36 | =37 |=32 [=37 1«35 [=32 {=30 |=27 |-32 |=§ |=32 |=35 =35 [=-al
6 l=S |=Th (=75 =73 |=72 {=73 [=72 {=53 1=34 |=05 =04 | 10 | 12 26 21y 24| 20 iF
i A . ) 1
7 {a33 =32 |=3L =il |=32 [=38 [=3L [=27 |=iL !=03 | 05 | 24 | 32 4 3L | 3o L2 L3 ¥
B |alD [=3S |e34 (=3L =31 |[=3% |=32 [=2f [=2L |20 |=ik |=il (=02 {=D5 | OC | 03 | ©7 | Of
8 | ¢l zafos |07 |oe} CE 2105 | OCE 13| 13| 24| 2517 e 13 i3 ¢ : _
10 1| 2 Ll 23|22 40| 36 | W5 €2 L 28 L2 50 L35z K| T s : :
j i
11 | G5 | 02 [=22 1=06 [«0% |=03 =07 | 12 L) 32| 52| 76188 | 65|57 68 L3| 36| 301 20 | 1k} 18] 187 1
12 1] 25| 222729 23|17 (18] 22| 30| 32|35 3| M0 LT{ L5 5« Sk bt 30 21 28 &2 L8
13 113211109 05100070 |13} 1 17| 22| 25 | 25 | 41 | 45| 63| 66| 70 631 L0 | 32 22, 02 i4
14 |=03 [<01 (=02 |=05 [=06 |=C7 [«06 =02 | 27 | 68| 7¢ | 95 {137 |109 {116 |120 {126 128 {113 | 92 ) 78| LS| LD 3£
15 | 221 00 | OO [=D1 |[=0 | =17 |=20 |=04 =03 ! 29 | LE | &2 | 65| 73 | LE| 24 S| 02 | =02 | =03 |02 | D8 | =il i-;g
]
¥
16 (=22 =23 |20 1220 [w2D | =16 =16 {«06 =01 ] OL | O£ | 101 10} 08 1 02! Q@ 210! 20} 11} 11} 12} 12: 2. 1=
7 | 1312012 2] 10 207 10 10 140 15| 171 251 30} 3.0 32 30| 30} 28| 251 22 15 15 03 .-tz
18 |e02 |e0k |=1D |24 (=271 =12 |08 | 02| €2 21 | 33| 361 33| 27 | 22 23] 20| 1£ | 05|05 jeli} =if | =15 =22
19 1227 125 |=32 =32 |=33 1230 (=25 (=22 C2 | 28] 30| 340 &4 | 500 50 LE ! 28] 2u ] 20 02 [=2;5! a0 «22..55
0 (=07 1225107 =03 000 o €2 T3] oe 1af 25t 330 o g2l 66 T2 €zl oa B 51y 4E | 32, 33 3z
! : | l | : ‘ ! : I f :
Py b3 b 3Tl o3ar 3 37 5 } 370 43| S 5L 52| €. 37 (10% 1€ (132341137 138 9z lidni 33l o8¢ it
(2 0 o0 Z3 ] TEL T 3 0 €% | e G4 i1l il 120 01281125 4120 | 1a0 1132 l2. 121 ll01iljliljiil X
23 ] 90 Sl er il le s W3 ksl szro5el 2o 280 2a ) 2T |26 217! 12y o1z, 1l 20
Pee [ 2oy 200281 38 37 L st l a3l WD Le | BN o3t eT ) Buy 3 poaE g Z=lozElo2l ozl
s oanl 3Rl A B2 se ! 730105 (112 112 [12s [33e 118 et ige i 13 127l 18 e
' ! i ' ! ! i ! ; :
: . . i ! P R - - P ! . i i ! ~ n
D26 fzzioiiia ST iiooloen) safoes s jioriiizgies i o lane i 1zlliiTe Lo el a3
P LTt B3 E3 078 DTS 7T Al s €2 £ 9T % 1li ) 25l SR S S
S28 3% LD Lot LDy M3 Ll el 350 3o Thop GLiol 1l 133 o 20 33 20 il LIl
P23y B2l 820 730 TT N CIO TR En o B €F £r o oEnloLmoEL ol DL 200 31T ouE L
3Goizario22 z.l oz i 5200380 27w 4 S - B Sl L &L il el Tt
3 IR A L o
*Temperatures in tenths of degrees Cersivs — Temperatures en dinéme de degres Celsius
bwe OC ' 61 0 02 03 06 05 : 086 c 07 . D5 ! 03 : 16 . 3% 012 i3 & i 1€ g 117 ' o 20 in 2z 3
2 ; ? : ' { : i : :
3 i ‘ ’ ‘ oo S !
4 ; : ‘ ; i ‘ . : ‘ .
£ i . ' : : ' ’ : :
S R T R |
¢ e S A S
T P ' P :
£ . ! : i : ! i i : : ; ' ' . ! !
g - : | | : ? ‘ | : . | | i i . ; | .
10 ‘ ! i ; , ! ! f ! ; ! ; : ﬁ ! i i
' ] oo P 5 P I
n o i ) ! : ! i : | | ; i : :
2 / . o ! | | | |
[ | ' i 1 t ! [ f | ! ) : i
IR i ; [ : | ; | ; ! | i ' i L
T ' oo S I ! [ ;
i o b Coo b S ’
16 ; - : ; ! ; ( i : a :
17 ! ! | ! : ‘ : f j ’ : ;
18 : ; 1 ' ! j i | l ‘ E : :
18 i : i ! ! ! i
t | H
I
l

21

22
24
25




19

I

MONTH

MOIS

-
PP

\

{

Y]

SOMMAIRE DES VENTS (Kilométres par heure)

WIND SUMMARY (Kilometres per hour)

- . ‘ e e e e e e
e Q 8 8 3 1 8 2 Q s 9 9 0 R T
33 3 R d 8 1l 8 9 i g 8 93 W
EE - O RS TR R “ a9 A N
.mum ST TN S N B N . L i 6T o
~ (..h = U i < 0 1) + 4 P A I O R TR0
o3 TERPN] £ E R Q&B VP :“ 4 o) nay !
i3 “ % BT T ] s Mol AT
a
OO LD I TR YD L T IG L i L av i ST R T ey T BT G
o o .wl - s _‘w s o u_.,“ utr A ».w- H A_‘A. O .“ f ._b.. vy “Q ....,. 133 ...“. TO GO —- P BS LTIy G T
N lad
-] O nd s QJ GITTRME W RIS T T T G e g ey T %y T ST e
o ] aﬁ“—w S h . LY I «."_ L b SN A :._.M .,uaw.... LRI ..~ .. " © - .72 N T. ...Q Zal 1o, { .A....,.Il-' o
B CHETHE O RNRE T T TR e STt T e . T
= m i3 uz “ & -.t T._C o) L_:—— : ..A_,w.... UENERN ) ,n_; _“__: ,.C,_Q:l _"u-.ﬁ.. = :;J........ T
< Vot . . ..u. P A -4 A U)
— .cnndﬁn«?:a Cﬂln:d IO Sau.!clr..: [ [ : - . :
<] '3 P 1 —5 u _ ?& .t . Tu ..*‘.1. .u.-. 1" -.v_w.r“ws—.“
-SRI PR e N34 o N ) o Nhp-a= | [ o g M - T e A R :
- G s.ﬁ AT J: R DOy et ey o
@ v e A .t . ... .n.:~ —
TTTY YOI AT O R U -dn’lCuQ/ ,J ch.,i T YD Gty o . - B
« IR e S e &A’NMI& oS ...._“M ,m_u:/ry ST RV N N .:,4 COTTTTA R S - 0 R NI e —
- 2 v: e % S| .L - 9 m.Z MRS .._ -._L __.. :: .& *
A e s Yoo aFi it - )
.....7"320,.9 a T EEAN L NA N f SRRV - s - - -
S I AL N L e
T T A TN v RO ] e i B
@l dnaTd2n ZCIRITERY Bugeneeny _.s.; .,:a w_.,;ii;
: ‘. e T L3
TR G TE N T 5 W BSL v MO TAT o :
w MR M«"ml Szﬂ“ 2 -wC. ,SJSC...S NN : N RN o pp) gy uy T
T B o R i _.-. -..MnAh ) et
TG T W AT S T o i ﬂ-.ulawf!. v T 009 J O~ {3 ¢ - T . "
b Y IR 30 IS R L R 5 S cm —LZ B ey Nt el T [ RPN R SEYETY : oo
g <2 €3 - 17 S L _u _;2 :_ )] _.”2 .Jnn . _nwl. ¢ ..v.._.—a ._.,“ .... m.w.n_/hsa
Vo ON T N TR N .‘u@.mflmn,u,llal . 1 T e g T 4 i . . ..
paid e n&..-.... 1 -“ .m . S& $~ _.AM..EWL,S:L& ..:....,_....*:«) L _L E .:._:" Puteio _.d 5..\@‘ -
e u.l.ll'v.u,.. u I o ) ' .t ©
TU B HZ OO &N ..-H-M: NOEE W IV @ P e os f O q° T SaramtE TR l....ff:. - —_—
JORIEARC SRS i ] m& & ~ W o r leZS..“rMC .mm... FERR: ”‘.:._..,” 1G] o :__.:,_ oN T
= : " . G R R
NI Y ARSI T A::Ia.-i. m . of ¢ Too ol
sl el Y E 2“\* g = 5__ LS 0o u..“m..m o R _J. L. ..._ o O zt..ﬂv.m T T T
3 H H . ..\M
S e e — —_—— ——— e ——— e e e M
= TN T OO Bl NL .5-.3 o 1 s SN T
o Y, o < et .._5: o O % R AT T
o M\WW_L"& + Sanﬁﬁmzﬁea 2 :.,,m H..:._/h e ..D:_n RN N ::M nm 1
S R T - e e e e e e e e e e e : v )
Y0 BN A4 SO S A g O R N ie Te el e - T Ty Iy T T T T T T
2 AR BV R ER T R Eé_. TR AR T
. = - ¢ fr 2T [
NI NSQEMIZO O] N QLI (] O (o] o 0T - : _x.n.
< M“.sn.&sv. Q &1&2.&—.2 ucw: ._.u C..WJ 4 _O,S ._ .c_ o —
s i l._ " 1.\“
on o T ‘ 1 ’ ;o - el T G T —
5 2?2& g B ILW;SEE “© w:.s :_.__;. L,“.f. oo on Ef“.....‘:,u...: o
LS (s u LA R b u
IR LZEN I Sy T O O s (3 od ” T e e el S ST L. B
Q 1_ i M“ “m Y 1“ o Lm; O %:L (SN RN C_..L. ne-: 5 Tosie o 1
o b oo (5 | ) [§) (] ¢ 'R vt -o
O a Jm T O O OQ) A NG W) O 0101 Ui oyt " cd T T I T T e
w ~y Lxl—b - ElmZSZM_Wl .ucs S.J Ozt S R A o o _::c e GG
I . “‘. M o [ L
- - T e S 1 .
Ma = oty 2O ] O] G ay ) O . PN T 0 k) e e T T T T e e e e e
3 CTERR]T R g ¥ ELL.““ ue “ ra o Vom0 mapoiios 0o
. .- 1 1
— UL S e CR L ]
VY TN NI -] O e «“ et e ENA e o T e
[ 2 . n. .5 o~ £ ' . -
a “ Jg=90 R ¢ _\w 3 S..::L._..u Qi Iy ..x..u..u Lo m MO Mot ene o
— U
TR INTOSZOZON =~ O w ..3,!!- gl a4 o v -2 S e I -
8 ik d ~ ) Ew:\“. o meyg _....ﬁ.:_ B " To. pewo, Oitoitol mtime- O o O
v -; T ol v sz
-— RN OO N W =~ u : U gy wn T LT L . e e e e —
=y wL E s .w.. S?S& ~ :._6 _m:_-f:.u.r AL 3 t n..w_:_l:.,.“,:..”.“ :::_:.nc,mﬂwg (84
= I . - . : .
L . e . e . . IR | t ) - v
220N, TO IO ) O 9 w . y . .- .. - : L. e — - e et e s
) AP0 “_ $1$&r mo, :9..o: . .._.A_T...a...:_._ .__. R R L L T )
v [&] u) [ 0t e e e
~ . . — N - T - D
] e e rm ® e 2 - o9 2@ e oe 25 L8R I8 &8 8288 =5

*indicates (ater ocCcurrencas of WMae shDeeC
*INQIous O CONNEss DOST7 U OF |3 MEmme vitows.

On 1nhaue un vent 8 oussT per 1s lertrs ‘W',



Environment  Environnemaent
B oo B MONTHLY METEOROLOGICAL SUMMARY
armosrenc Sevr  SOMMAIRE METEOROLOGIQUE MENSUEL
Service atmosphénque
MONTH/MOIS  JU.Z/JtIl 19 3¢
AT/A  CLRLOTTTCE {A), PALICE ZDWARD ISLaiD, 112 DU FRIICI ZDUUARD
. fae - ELEVATION. = METRES (ASL: STANDARD TIME USED A g
T L LONG o3 Osw ALTITUDE. 2=°7  METRES tNma) MEURE NORMALE UTILISEE  ATLa TI3UE
TEMPERATUR{ DEGREE-DAYS AEL NUMIDITY PRECIPITATION wikD
TEMPEAATURE BEGRESJOURS NUMIDITE REL. PRECIMTATIONS VENT w
- = - s ga 9: %g;‘
- <] e £ 3 g= | 88 | g2 oz =33
w ox - w - < & _ weo sz <
wee | BE 0 BE g2 | EE (B | BF | gz |BE|gE | EE | EE || B EempEciE i
2 < O - < = E ] [ 3 - - - = -
$I | =® | 5% | £3 | €8 | %X §£ £S5 | EZ E: | oo gs =y |S5E: gg;g BEL
. 2 83 § ) fz | e | #3 ) 85 2 &r | 8% | B2 | §¥ | Bf [BEEE 2°j: |
[} - - v T anSS&Sg X W e
- = - > SEZTET
<3 HOURS
| °t < °C SASE WOT | BASE 40T % [ ] mm on me en kmn am/h WEURES
1 et Te21 1265 5.5 7e3 1.4 lea iTem . s
2 l-.-2 6."1 .;COL 7.5 55“‘ 15'2 16‘2 10'-; R C.c
30 1o.2f 5.2] 77| 103 207 1.0 1.C 1é.2 £.3
4 17.5 5;3 ll-L .5 bth M l;'7 1oh
5 13k .81 12.0 Rej 7.0 1.2 1e2 12.2 2.l
6 Cell li.d; 6.2 Cob iled 11.5
? .00 1370 &3 &7 . R 5.7 12.2
8 oz :-.75 3.3 :f--‘ 227 22,0 ’22-& <0
9 1001 13,71 503 2.7 23.5 12.3
10 13:7 lé.C 2-0 11 ao 2"’5 10-5
1 thE 2,60 8.1 a4l 3.6 15.8 ) WS 20 1k 31
'-..- el .o '.9‘ cd | Ides K P I T oo )
‘2.1 s 'fl f' _E: Z—, 3.1 - £ 2! 1;-, = Egc':-: g.3
13 ; _’.-.)l h¢5 ,.u,' is) 5-5 PRy~ ln: - o:‘ - ~ :—: '/':
| 1a 0 L300zl 17 3 € 2.0, 2.0 Lusy ol amme | LS
18 1 oziozo S50 il TUE! lZed .6 J.€1 e 5 8vrl 22 S 2.2
[
i 1 H PO - -
16 1 230 E.‘.i 7.0 1.0] 1iz.0 X [ S 1ag st 9.5
174 sz.el 1.3y 15 2.5 10 3k 3.0 2ael €135 s 6.7
8| 17,3 ez 14e3f 3.7 6.3 o6 | WS |28 WA | 1305
181 ITLE Szl 13k k! &g PES] Np22whw | 14.3
o D200 TSP o1aet 3.l S (213 XS jaw 1347
; i ) R
ST el B RS Z.i £.8 1.3 N5k iael
i 2 -1 - t 9 = s . z,.3 P ome— -z g
s H o o> e - -
j22 v : 2 56 ! s . - S TENES € 5.2
b2 : oy 1S Py el s SO IR o U B A
{2 | -.:! -2-{. i bl é..; Ei.c_ }c.;;u f: -i.i.\ o>
.28 ' : 5.£ D weu V-L.j LleD twySn | 5. Or bov
o | 133l et atenl mel s 12 = | 2351wz |3
L Tenpoinal Lsloce ™ R 1k w16 .one | 1l
I IR O T S I R 8. g8 .k s j2s G.0
26 | o2l.21 12.00 16.¢ ek 11.6 1 7.6 7.€] 2led s laes bek
o | oc.ii iCes| a7 320 9.7 Out 0.s! 1o Wy ze war | ElS
3 | |
e TOTA. Ta. “ToTa. L™ Wia. a - W AU BARSUE T |
AN .
povewwe  12.5|  8.1] 13.3| 1L3.2| 5.8 3| 73.8/ 0.0 73.8f- 15 S |37 sS4 |22l
s, 19.. 53.6f | 7598 ’ 7.7 | s B 5T 220.e
.olIALE: ;9--5 905 11..54 11701 253-5 3 k! 79#9 09 1761 ! 4 “j N
SATE T T AL PHCATATION ,
DEGREE-DAY SUMMARY ~ SOMMAIRE OF DEGRESJOURS mn-v::n-::nvmu o0 AVEE oTe B e
| mevos ™ mvea = =
SELOW L | v I s I [T ASOVE S°C L M [ ] ! !
D et | .t il amts | wpomais | 02 110 {20 |10 i80.0; 02 | 1.0 | 2.0 {100 |sc.0 !
AU-DESSOUS DE W°C " sctoertt | L AU-DESSUS DE 5°C "- orpnlil o | on | oe 0; Hon i o ! or | on .; i i
e ! oo BONE : MORE UI(.”ILN":“MI«WI!'“R! [ 113 -ou’
, i . lou | ev e'c;o'&. o . ov i ou | ou jou !
TOTAL FOR MOATH Ta b omal,S 17,: | TOTAL FOR MONTH | ~ = =@ 232, 282.6 | G3 P MUS e i At .
TOTAL DU MOl --ie2 == 2Tl L pTAL DU Mots | | =TeE) 22 g nus s (s e irw En l i :n.m | s
ACCUMULATED i , | ACCUMULATED ] : b i
el mg o) asocall wezels | MECEARMLY | 6.5t 385070 L17.0115 112 | & | 2 ‘ RN
(oErlt LE I® SunLeer i DEPUIS LE 1 AVALL o
UOC §51.506.1 1 } Sutmerignon Prics: $ 108 monwy:§ 10.00 per 2aiends veer (Jenuary © Decamber)

—— - ——— -

OO SR STO T R SO al

S\ §P2I0

vy
- .

Prin 0'wonnement: menaue $106: snnue $10.80 (jermner  Dscembre!

oy '-........A.’LI... A TE SAlS DIRZITIC

Canadid



2=
CHARLOTTET W (A) BL2.2.

COMPARATIVE RECORDS MoNTH ST " es _i
RELEVES COMPARATIFS MOIS Juin ’
Temoersture Tampersture - “Coiwur ; e 1 i "RECORO FOE THE MONTH - :
{Mveeinitation Brec o taton - Miimetres imm| r THIS MONTH ’HEV‘E:E;EAR ‘ N RECORD POUR LE MO:S 5 ! '
Raintas mactour 98 Orwie - - Mdlmetres tmmi ! CE MOIS-C! PRECEDENTE { NORMAL WIGHEST : LOWESY 23 :
i$nowter Mauteur oe neige - Comumetren icm, . INORMALE MAXIMUM ABSULY  °  WINIMUM ABSOLU 3F& .
Vima 1peve VM u vert - omerre BT Q3Vie NN VALUE o 1O VALUE o . VALUE | DAY ; YEA®  vaiue ; DAY - YEAR ;E"g |
St %% Dre1sre PrastCns 8 IILOA = K, 1DO8CaN wes:  RELEVE ! { RELEVE OATE : | RELEVE (JOUF ' ANNES RELEVE ' JOUR - ANNEE '3 o !
oo - ng + | 1
MIGHEST TEMPERATURE v ~ 1 J e T
TEMPERATUNE LA MLUS ELEVEE 2.8 | 24 23.9 ) 1ic ) 3z.z ! 25 | i) 1807 25 i 1%a0 153
' i
H | I ! H
| LOWEST TEMPERATURE . slg . ieme oss e
| TEMPERATURE LA PLUS BASSE 2.1 22 5.8 [*)) ) 6.7 o8 | 1673 : Zel i o8 1947 | W3
' t
| MEAN MONTHLY TEMPERATURE 13.2 13, 166 ©5) 1 13 5 ’
i TEMPERATURE MENSUELLE MOYENNE 13.2 135 i - 7ol b 3 1543 | &3
b
TOTAL MONTHLY RAINFALL 3.8 15%.8 79.5 | 167 981 | 1% 979 | 4
MAUTEUR TOTALE MENSUELLE DE PLUIE re L3t 19711977 9L 3 L 3
TOTAL MONTHLY SNOWFALL i
MAUTEUR TOTALE MENSUELLE OE NEIGE | ‘ “ )
| TOTAL MONTHLY PRECIMTATION Lo 167.2 [, . {1081 | 10, 11979 1 43 |
| PRECIPITATION TOTALE MENSUELLE 73.8 267, ; \ 9.3 i 157 1981 - 15.3 \ 3 |
{ ND OF DAYS WITH MEASURABLE PRECIPITATION 15 17 i1z 19 seL ! 6 1579 | 43
| NOMBRE DE JOURS AVEC PRECIMTATION MESURABLE : o
! GREATEST RAINFALL IN DNE DAY ) 22.2 Ce 57.8 ! 04 57.28 Cé | 1585 43
! MAUTEUR DF PLUIE MAXIMALE EN UNE JOURNEE | ! i
! GREATEST SNOWFALL IN ONE DAY ) ) l !
; WAUTEUR DE NEIGE MAXIMALE EN UNE JOURNEE i
1
. GREZTEST PRECIPITATION IN ONE DAY ! ) 2.8 1 3 | 37,8 4 11923 ;
PREZP TATION MAXIMALE EN UNE JOURNEE 22.0 | O 1 57 8 i *® ' AL Oe 11945 43
WAXIYUM SAINFALL RECORDED IN i ! | ! ;
. WAUTEUR DE PLUIE MAXIMALE ENREGISTREE EN: ; : i |
5 MINUTES ; ! - ‘
. ! l | 3
: | ; i !
© 10 WINJTES i ! t !
; l ; 7 i ‘
!5 MisUTES f i i ‘ i
' : I ‘
: ! ! | : i '
35 SUNCTES : : ' . ! i ‘ '
1 t . H ! i ¢
: ! l 5 ' o :
T80 MINUTES ; | ‘ i :
i i | !
! 20 CONSECUTIVE NOURS ; ] ; !
' HEJ3ES SONSECUTIVES ‘ ! l , ;
¢ MEAN WIND SPEED e r D yg.o [ oym.s C s [ oagus | 15 ; Degam i3
D VITESSE MOYENNE O VENT emmi P EoeT P oLees Lo 2044 | Pe7Se s 2o L e
i } : \ : :
MEXWUN SPEES 1 e ) ikmon) Dam s Pog com A L. e came 73 gEm A emzi o a-
VITEZSE MEXIMELE () min i e mt ;3" " 25 f’3 == v | bl R A
' ! ) ' i
fOVIAINUMN GUST SPELD tamia: 3 oy Cge Wl ~n i A 1923 oz 1SR A
PLNTE DU VERT MAXIMALE ke (€5 S 04 |56 W 73 N Lero? oe STEY e
T3Ta. =CuRS CF SUNSKINE an g | eme - , ! Caa sae RS
TGTAL 2ES HEURED 'NSCLATION See =75 0.2, 279 15-c 1 sTe0 .
© MEAN ITATION PRESS IRE wMa- ! Al i . < - o v e A R R i ages 1 ook
| PAESSTN MGYENNE 4 oA STATION wru) i 100,38 102 | 400.82 101.07 P25e7 332 P91
| mzpseper ; i i ! o i
! GREATEST STATION PRESSURE Par : i - I D { !
. PRESSION MAXIMALE & LA STATION xPai 101'591i 12 110154 27 102.48 141977 12
. ! . |
. LEAST STATION PRESSURE inpe: f ! | [, !
© OPREIION VINIMALE A LA STATION .xPs. i 98.83 08 99.C4 12 ' 96.73 pie; | bA1-31 1 1C
CL'MATOLOGICAL OATA FOR THE PAST YEARS _
OONNEES CLIMATOLOGIGUES POUR LES 10 OERNIERE ANNEES :
O nYny T . A 1
\ A X WUY [y tar 1oTAL aEEn wOu Ry um:. GhROWal { -~ i
g EET TR W R |dRGhO| me | VRRS | TS| wmme (e DT, | PESCIR :
3 e lusi::‘.( namaL? worinni Rt Gt ToTALE oot .‘Inl';’;g meoLsTion { of crawert ot crousance | DAYS .
. ] ' H
N 1
P2z Loous s | 7e.7 78.7 | 17.. | 5% NB 85.6 | f 10
| 273 fel ] lhel 2.5 123.9 | 18.8 | 3€ sS4 | 162 122,71 272.8 | 17 i
izl | 1w | m0.0 1020 [150: 3TN | 228 | 1ceciasa | 13 |
258 | 3.7 f ST 15.3 19.3 | 18,7 |31 s | 255 78.50323.7 0 £ ;
STl ] el 13.¢ 96l 94,9 | 15.8 47 Sy 222 237.8, 2545 1 10 :
It 1 gl 10} 1977 197.7 | 159 LN 23z izf.s; 29L.2 0 18 |
I A R R 1151 |18 fa s 2. 127080 282,80 12 ?
o P meo | 13201333 32 11T 13TS |23 g $3.30 3T 0 ;
LI T el laie i25.3 B2 | ic.g -3 W 208 ) W37 2iEez ) la |
Lol RS N 2T 17 | 173 3s=xk: | 172 Liees 22207 LT X
Pl | wng 73.3 73.2 | 15.8 |37 SV | 225 sdezlases b |
t . | i ! |
, !
I o |
o o |
. i } ! o )




. CHRLOIIIING (AL FuZeds
DRY-BULE TEMPERATURE SUMMARY * . MONTH Uik 18 85
| SDMMAIRE DES TEMPERATURES DU THERMOMETRE SEC* MoIs SUL. ° i
Poa M T T ' Y T v T ‘
w i 00 001 | 02 03 | 04| 05| 06 |07 josfos oo [ j12 {3 s gl |8 RIEEIEREREE
; . i H ] - o . i N |
vl $00 230 2 7o) &1 9¢j 1001 105! 1120 1281 1u2) 108 1e5p 1Tay 16| 137) 13¢ 1aal 1361 134) 134 134 150 14
1| 132, 1L) 1s2 LIZ] OS2 Bup B30 82 76 7T 78| Tul T 77 Ty 651 Tif esy 65, 621 6w 6. €L 67
3 &7 Tzl el Tsyoe3l sl &Eoe7 85y 331 s3] 72| 671 ¢ eal 90 sal 9l itit 97 ed 7 73 en
o snoa3p oz 33D osw EED7ey 23000 193] a2e) 1370 152) 13701500 1711170 158 1.5 1330 124 122 123 1
§ §I7 Mlor Ll ol120 1120 112) 1101 110) 1130 116 11f) 11F 12t 13€ u.ci 11.23 152) 1517 14t 140! 130?I 123 115 1L
. 1 b - . oo e
§ | - c2rozooom 73l tsi 93y 12 125 130] 17| 1800 1430 127 136 ladi 14! 135! 138 240 2:00 98 92l ozl
Yopoio T3osioeei 80 s2) 78] 103) 120) 13y 1il) 155) 17i 120|128, 2060 20%) 213 1c2| 17s) 170 14T LMD 12l
B ' :iio13%, 1320 10| 1iz) 215y 11 a1y 125, 12%) L2 147 1€zl 3132|1920 191! 1:2£) e8] 184 170 18D 182 182! IT.
] i 1oL lsR)L37) 15711551 159y 4l 1270 1350 132 a4l 142 1521 152 150| 1511 162! 156! 160 155 lad 14T 1220 117
"0 | 112; 00130 1100 17| 110 110 1l4 11g 131; 136] 142! 155) 161 173 157‘ 210f 20z; 200 187] &4 17% 72 i73] 1et
! H ! | ' f J {
{ ] i
1 ! :é:‘ 1530 1egt 338) 1320 130) 13C 126’ 116 112{ 1011 &s| e&u! 93| &9 83! g0l 1021 1051 SCI T, 51 L7 €0
12 | 37 28! 320 2a] 36 30! 64 94 107 118; 125, 125 12.! 126 1391 132} 123 116y 105 101, 88 72 7 €7
113 ‘ 2103530 32 w7y 52l W9l &L 931 970 105) 118| 133; 150 156 155 1L6! 138! 1k4| 1200 106| 1011 101l 9& &2
a | BnE7 25 euy B2 &8l 92| S5E| 103 107| 11§| 122: 120! 124{ 1220 130| 125 1341 1dk; 1441 126 120 109 10.
5 0 o1ilociooia7oiig] 213] 197) 120 :~:] 160' 171 1831 200| 214 222) 242! 252! 2.7] 242f 231, P0] 19% 134 137 li-
i i . i ; | | i | ! |
L L3z 93| 112 i) 127) 1kl 1s0) 131) 200| 210 225 2531 222 227) 237| 224 2:O{ 192} 192 152 182 17
? ] 1320 175|172 179 1720 167) 167 1721 166| 158) 160] 174; 186 170 164l 160| 154 149| 135 127 1200 112
s | 213 119) 107 Cinl 130 w5 154 175 163|176, 123 176 178 182 150 138 1w 13 15
'8 | ) 1T, 104 132 18 169 149 16€) 1561 154 154 1631 158) 183 154; 14l 131 123! 1=
2 | fofa) 3.0 93 G2 174 nalmﬂ 202} 2:0, 2ig) 202! 1E4; 152, 131 13ﬁ 116 lmklk
: ‘: : E ' ‘ ! l | ! :
nooL i T 3% : 1327 152; 184l 176] 1€7) 180 15¢, 165 15:! 140! 124 100 8 ¢l
2 - - 32! ; 17C, 183, 2001 200| 20¢! 2u9¢ 220, 221l 216, 201 1EL 157 l4E il
P IR B 130 50 16CH 2180 z2.' 2021 2091 2z2%) 227! 22.! 2060 1801 i1l 1360 145 1.2
28 .-l LB e | ! [ 271] 1520 21| 230 250| 2uf. 26z, 2€2] 257) 2.3) 2ze. 215, 203 1T la:
B AR S T i3 1:3] 1784 1:3i l5~.i 152 :u.éi 156, 1:;:i 103 16¢, 163; 155 152i 18! u.:-i 1333 23 ua.i iig
| | I | I | i J ! i i
% . 170 fer 20! 80; ECTi G4 110) 108, 112] 120 123; 2C1 L1é) 116 122! L 122 :15‘ 115 107 105‘. 102 1l.
27 0 S o =3 750 750 10u] 12L 1O} 153] 162; lesi iTel 177, 183 iee: 182! 1701 1701 167 15c! 14T) 14D iet
A M 1ol 11211350 l2wt 1220 12uy 1327 140 lew] 152, 156 1631 167p 1701 15€) 1£30 1€z’ 1530 143] li.
o PoLinoTiToTT 138l 13T, 1380 1oL 1300 162) 163 18D 1:7) 15! 156 20t 178) 1€E{ 193] lég: 1500 1350 138, 122
B oo i 12D 13T L3, 13%) 1z 1500 1830 1€5 175} 1% 172, led 153§ 15D, 1570 1l 156, 1. 123 136 a2 1% it
LT i, : - ; ! ; . | ! i i | | i | ! l ! i i
x : ‘ ' ' ! ! : ] i ! ! i ' : ' : |
*Temperatures in tenths of degrees Celsius -~ Températures on dixwme dp degrée Celsius )
b 00 | 0 0 02 02 04 i OF : 06 D06 1 05 |16 | 11 (12 013 [ 14 115 (16 | 17 [ 8 :1g Tz o

1 ' i .
1 i

(=)
-

|

LK e

oM D ~uNm

-

-
~3

“YENEYY

a——— r__ —_




-y

SRACTIENE (A, Fakol
WIND SUMMARY (Kilometres per hour) MONTH o
SOMMAIRE DES VENTS (Kilometres pat heure) MOIS SuT 19 26
" " T T 1 . T T T N T ™ T - R
oem (00 01002 |03 04 05 |06 107 (08109 10 (10| 12013 1415|1617 18 |19 20 ‘21 |22 23 | Wareen e
. 1 j ‘ i . - A : " I '
{4 | sSigzraizissst sios 53‘ Si 34553 §&E3Z S s §5333 & S 5 5ssd .ss.-} S S
‘ =TSOt il 1t 90 130 o o3l 22 15 o2n 25 20 23 28 2 23 20 1% 19 1% W& | 1633
2 GRSt T :::{ WONWITRNEOT O3 G030 N S NI W i
! Poep 13 1P ISt L5 220 1% 19 L8 22 24 24 15 315 22 2 1% 13 1y 7 T 5
Pog St hhed SOV TN W LA L A MR O T ssd il W
; ; 955 13019 191 24| 180 220 22) 220 2 22 220 22 22 24 1§ 9 §. G 1y 9 37 |1200
PRRES LS Se STl A S S SA ST S0 5ESd 20 33 Swsd S 3d g7 Wl Wid B NS S
! ‘ D70 94 13l 130 130 13] 220 1% 28 24 30 28 2% 33 22 19 19] 22 23 1% 24 22 o5 23C
s i""" Sl S4T SWREA|EST] St Se SiE SIS ST SA Sd s W s s sd S
l | i l z:t 19} 19} 19 22| 15| 193 18] 15! 15; 5 5.9 & 6 G g 9? 9' j A.]
i ! i ' ' ! | : :
. |l s el | sl ; I T o i S R R =
i L2033 s g ol 70 ©p S0 SE Cas 190 is 15180 18 19 18 1u 1d 7 iy 1
g dZz=: I izEzy z] sy £l si =) sl S SP S s S| = S s5 s 9§ 5 s
1 DLsto7l o) el ap s owp 8160 1s g s 9 & & & nilouy i iU ois iF 22 22 |
L os L S| 5 S S S| S| ) ST ES S| SISV SAWSE S SH SA St S S oSH S Wsd '
| 18] 15 tiniF) 18] 22) 22! 350 151 15 220 22 26 26 28 25 2% 2§ 28 25 z5 24 23 za ) 1s0C
|9 ; sil T Ca BRI R e I e B B A B 4 B T e R e
‘ {28! 220 22: 19¢ 151 15! 19] 151 261 281 26i 28 28! 260 28 28 33 33 33 33 286 25 28 19 55 |18
Doy | WhEnE WOLWE IR A R S ST W WOEW . WE S S SIS S WS NS W
: i :;i 220 22" 247 28! 220 28 S 28 28 2 2 151 %o 2 22 2:1 281' (.3‘ LB 21¢
! : i | ! ‘ i ! ; : :,
1 SINEOED ; N ouve ®oEzzoomogza ol 1oN i
2¢; 220 2z ; 28, 22) W % il ¢ ¢ %13 W 3 QT oue AT
Cag L WL | NiOlE MR ’.:":::3 SE0 W IS HEIgisT s . i
i I | b3l 150 11l 130 15 13 15 13 9 & 5 il 15 ;
| qp | Sfossoa= ! {SSZISER SE SSEISST SST SSE S ST IST ST ESE ISR 5SE o
RS * i 2 .2q6‘ 26 28 220 2¢ 2. i3 oY :';_ F 13 5 37 1602
' oqa j:S-_‘-,.-_"':'- i RTINS w i RGERT R {22 Sd SA ! i
: L Ep s ] 5009 S > & ¢ 4§ 7 L
| gy S i 38e s s Sl A AW EE W XS i :
IS i . 22 22 28 & 305 g 9i 13 | ‘
| : : ;
w T = SISZTISIZI38T S S S S35 s S S S | ‘
‘ LS o CO7LIE G 1Yo 1% 1 22 22, 22 13 22 28 28! 22 2220
. ss z 53 3 i3 3uEW T Wodasa bl s '
; iz e 2% 28, 20| 28 & 13 22 22 ¥ 13 i3 22 W |02l
g SO[ENGIOE getibcai o WS WS 4 D | aSd l :
! 2013 15 13t 2ol oeE' 20 28 i 22 i3 015 3 o 3 .n ke 1%l
e i ‘ DS W on wwIou L S & osacz ; ;
oot z ST s 9 ois 220 il S 25 A o ¢ i f
I - e -z | P A I ;
‘ . ) Il . ' : ' ' ! =
' ; ; ' : : : ; : ; !
2 veTotTooamnn g Lo oonood o rrzoimoozoram ' .
Soo% 36 T ChoTioiiooiloo1E LS 35 ¥ 3% 15 1% 15 15 x4 7 & 2 !
. r S [ | S §i383 [ SEIIZE 5SS I 5 IS8T I3 EIT 0T EGD It ;
; TUogiocotf CloToocp Cii3 5 5 Coi5 ih 15 15 15 15 15 15 i3 il ol s i
! o3 | S2:322,3SISSI SSTiSSS, S, S|SSE;353'SSh: S S s s s sl s s s s s = 5 s !
: coLEoiipoantoa3toiiioas 19! 11, 9,15) S 220 15) 15 15, 22! 22) 22 28 22 I 220 280 22 e 183C:
D ose 5 53801 SWLSRSE WG WS WS SwWiSSAl S S, SISSIUSS WSS LSS WSW WS S S SSS WS -
i = 13013 za; 2z, 3§ 220 19 1§ 151 L5 190 220 22; 220 22) 19 19, 15 13 1li il 1% 37 [ iedd)
g & $ 5! B! S|35iiS34. Sui Swr Sal S0 .SMIUSS SdluS.l W@ W W W A ASS SWUSS Sw :
| | l2rislo2zpzzias] el 2| 2| i 3T e i 2z zsi! 2.,| 25; 28 2 :9i oy 1'; IR l100C
i : ‘ : i ! : ! ‘ ! ! : | i
i 0 | o i Wlisi ! ] ; ‘ W, i Dl W NI Dhe ::..7'&'.:‘ W WS WS i
. T M S i IR L3 Pigloast 220 19 1t ¢ 9 4 ‘
A T R G I A SSI S8y 585 S 35353 S5 ssT |
' ool s gt 1h1si19t gl 13p c i g 160 190 150 5 9 9 13 12) % ;
| g | 3! S: s 23 2188 332,3:00335 S| 8 | S Iad S B AT T 2 ] s xoc
E DPp iy 185230 251 28 28] 28 2%y o€ 26 220 19 22 22, 151X 15 i 7 7w € W B i
D a0 111 sl osisszi oslzcz! osisszlaszisazi sl s iesa U v Land asT W asd sy ! !
Tooozoozozooch sl s e st i a2y 22 22 12 1% & 13 5 ir 0§ 4 ooy ; :
30 e< WIS EUE R W SIWISSININ WA N WS I RN G IE LR L Ly | ,
‘ A S 2 LS R EP S LA - S LS BSOS R S L - | '
P P T P T R P b
\ ! oo ; : ! | ' | ' | t : ' : ' : ;
L A T R N S S N S P
{ ! : i ! ! i | ! ! ! : : ! i ; . | i i
A L I T R R T B R IR o
e P N l [ T B ; ‘ !
[ ! ] i : | | : 1 L | i : | 1 ! ; ! i j N

On ingiaue un vent ¢’ ousst par ls iertre W',

*inchcsum (st ocourencet 0 SMe 0080
*intque O JONASE DOTIE LTl OB |8 Méme vitame



