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EXECUTIVE SUMMARY

The performance of six different chimney types and three chimney
connector (flue pipe) designs was monitored at a test house on
Armstrong Road in Ottawa. The purpose of the testing was to
measure the effects of chimney insulation and downsizing, and to
collect data that could be used to verify CMHC's FLUESIM computer
simulation model.

Tests were carried out on the six 8-metre chimneys in calm weather
and near freezing conditions. The chimneys evacuated combustion
gases from a 26 kW oil furnace, which was run from a cold start and
under slight house depressurization. Unfortunately, the furnace
was shown to have large combustion pulsations which added a complex
variable to the analysis of data.

Three of the chimneys were 100-mm (inside-diameter) factory built:
two highly insulated and one standard A-vent. The three remaining
chimneys were a 175-mm A-vent, a 150-mm type-650 and a 160-mm
rectangular clay flue masonry chimney.

Test results have shown that all 100-mm chimneys spilled combustion
gases for excessive periods of time at furnace start up. The
larger chimneys had little startup spillage. The 150-mm and 175-
mm factory-built chimneys had ample flow capacity as they carried
a 70% surplus of dilution air at steady state conditions.

Except for the very highly insulated chimney, all 5 other chimney
types were shown capable of developing their designed insulating
value at equilibrium. Mass effect played an important role in
reducing "effective insulation" wvalue on all chimneys within 8
minutes of startup, a typical cycling period for oil furnaces.

From a cold start all chimneys formed a wall condensate. Better
insulated chimneys had shorter condensation periods and attained
operating conditions much faster. Both A-vent chimneys barely
managed to get rid of condensation after 8 minutes. In the
uninsulated exterior masonry chimney, condensation lasted for
periods exceeding 15 minutes.

The 100-mm insulated chimney connector helped maintain a 10 degree
higher temperature in 100-mm chimneys, thus slightly improving
operating conditions and reducing the condensation period.
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RESUME

Des essais ont été effectués sur six différents types de cheminées
et trois tuyaux & fumée raccordés a& une fournaise a l'huile de

vingt-six kilowatts. Le but de ces essais était de démontrer
l'influence de 1l'augmentation de 1l'isolation et de la diminution
du diamétre sur la performance des cheminées. De plus 1la

cueillette de données devait servir & la validation de FLUESIM, un
modéle informatique pour la simulation du fonctionnement de
cheminées.

Les cheminées de huit métres étaient installées a 1l'extérieur d'une
maison de la SCHL sur le chemin Armstrong a Ottawa. Les essais
ont été fait par vents calmes et lorsque la température était pres
du point de congélation. La fournaise a l'huile était démarrée a
froid et sous l'effet d'une légeére dépressurisation.
Malheureusement, le brlleur était sujet a de grandes pulsations de
combustion, ce qui ajoutait une autre variante dans l'analyse des
données.

Trois des cheminées préfabriquées étaient de 100-mm: deux fortement
isolées et une du type A. Parmi les autres cheminées on en
retrouvait une de type A de 175-mm, une de type 650 de 150-mm et
une de magonnerie avec conduit d'argile de 160-mm.

Les résultats des essais ont démontré que toutes les cheminées de
100-mm étaient sujettes, lors de 1'allumage, & produire des fuites
de gaz de combustion pour des durées excessives. Par ailleurs, les
fuites de démarrage étaient presque négligeables avec les plus
grosses cheminées. Sous des conditions d'opération stabilisées,
les cheminées de 150-mm et de 175-mm ont démontré des capacités de
débit 70% plus élevé que le débit de gaz de combustion de 1la
fournaise.

A partir d'un allumage & froid nous avons trouvé de la condensation
sur les parois intérieures de toutes les cheminées. Les cheminées
les mieux isolées ont eu des périodes de condensation plus courtes
et ont atteint des conditions d'opération stables plus rapidement.
La condensation n'était pas encore disparue dans les deux cheminées
du type A, 8 minutes aprés l'allumage. La période de condensation
n'était pas encore terminée dans la cheminée de magonnerie 15
minutes aprés l'allumage.

Le tuyau de fumée isolé de 100-mm a aidé a maintenir des
températures moyennes de cheminée supérieures de 10 degrés a celle
du tuyau & paroi simple, améliorant ainsi la performance et
réduisant la période de condensation.
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1.0 INTRODUCTION

The performance of six different chimney types and three chimney
connector (flue pipe) designs was monitored at a test house on
Armstrong road in Ottawa, Ontario. The purpose of the testing was
to measure the effects of chimney insulation and downsizing, and
to collect data that could be used to verify CMHC's FLUESIM
computer simulation model.

Most of the test work was performed in April 1989. Additional test
work was carried out at IRTA's combustion lab during the summer and
at the Armstrong house in September.

The objectives of this study were:

- to monitor performance and collect field data for a variety
of chimney and chimney connector designs

- to evaluate the performance of the different chimney and
chimney connector combinations

- to investigate the effects of chimney insulation and sizing
on venting

- to simulate the performance of these same chimney and chimney
connector designs with CMHC's computer simulation program
FLUESIM

- to compare the simulated data with the field data and identify
discrepancies

- to modify FLUESIM if field and simulated data did not agree
satisfactorily

Because of the complex nature of FLUESIM, the last objective was
abandoned. Instead it was decided that the FLUESIM initial
designers would modularize, streamline and add features to FLUESIM
to facilitate the above comparison. At the time of publication of
this report, these modifications are still under way.

CMHC and other organizations have been promoting better chimney
insulation and smaller chimney diameters as partial solutions to
the problems of combustion spillage and chimney condensation. This
series of tests was designed to help assess the usefulness of these
modified chimney designs.



2.0 TEST PROCEDURE
2.1 Approach

The performance of six chimneys and three chimney connector designs
was monitored at the CMHC Armstrong house. The oil furnace already
installed at Armstrong was used as the test furnace. Temperatures,
pressures and flows were measured on each chimney and chimney-
connector combination. Smoke pencils were used to check the
duration of spillage of combustion gases at the barometric damper.

Table 1 describes the different chimneys and chimney connectors.

Figure 1 is the test matrix which shows which chimney was tested
with which chimney connector. Apart from facilitating comparison
with FLUESIM, this matrix allowed the following field data
comparison: effect of increasing the insulation on 100-mm chimneys
(4" A-vent, 4" high RSI-B, 4" high RSI-A) and on 100-mm chimney
connectors, effect of increasing chimney diameter on 100-mm (4")
and 175-mm (7") A-vent and 100-mm (4") and 175-mm (7") flue-
connectors.

To simulate poor draft conditions, tests were repeated with the
house under a 5-pascal depressurization.

The field data was analyzed and compared with simulated data from

the FIUESTIM nroogram,
A detailed test protocol may be found in Appendix A.

2.2 Weather restrictions

To minimize the influence of weather, testing was done when
atmospheric conditions were favourable. There was to be no
precipitation, winds had to be lower than 6 km/h and outdoor
temperatures had to be close to, or below, freezing. Weather
forecasts were checked with the Atmospheric Environment Service
(AES) of Environment Canada. The station is located only a few
kilometres from the Armstrong test house. The monthly meteoro-
logical summary sheets for April 1989 are found in Appendix A.



TABLE 1. DESCRIPTION OF TEST CHIMNEYS AND CHIMNEY CONNECTORS
CHIMNEY INSULATION RSI - VALUE INSULATION INSULATION LINER

size & type material & |theoretical or DENSITY HEAT CAPACITY MATERIAL

thickness expected Kg/m3 J/kg.K

1. High-RS1-A fiberglass 3 16 * 657 wew stainless
100 mm (4-inch) 137 mm (5.5™) steel

2. High-RSI-B fiberglass 1.5 28 * 657 wee stainless
100 mm (4-inch) 67 mm (2.7") steel

"‘._5;. A-vent mineral fibre 0.4 400 ** 800 wwwe stainless
100 mm (4-inch) 25 mm (1) steel

4. Type 650 mineral wool 1.3 208 =+ 800 wwww stainless
150 mm (6-inch) 57 mm (2.3") steel

5. A-vent mineral fibre 0.4 400 ** BO0 whww stainless
175 mm (7-inch) 25 mm (1") steel

6. Masonry clay tile 0.4 1900 ww+ 829 wev clay tile
160 mm (8-inch nominal)| air space brick

brick
* measured ** from manufacturer *a%  ASHRAE *he% actimated
FIGURE 1. MATRIX SHOWING WHICH CHIMNEY AND

CHIMNEY CONNECTOR COMBINATIONS WERE TESTED
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3.0 INSTRUMENTATION
3.1 Temperature measurement

The locations of the 10 temperature monitoring points are shown in
Figure 2. Type K thermocouples were used. Extensions were
shielded to prevent electronic interference.

3.2 Static pressure measurement
a) Static pressure

Static pressure was recorded at the base and exit of each chimney,
and before and after the barometric damper (Fig. 2) with
differential pressure transducers. The accuracy of the transducers
was checked against that of an incline manometer. Data sheets for
the transducers are given in Appendix B.

At each pressure measuring point a single pressure tap terminated
flush with the inside surface of the chimney or chimney connector,
and was connected to the transducers by means of plastic tubing.
Pressure transducers were referenced to basement pressure.

b) Sources of error in pressure measurement
i) Verifying the stability of house reference pressures

A fifth pressure transducer was used to check the stability
of the house's reference pressure. It was checked against an
absolute pressure measured in a sealed glass Ijar. The
differential pressure measured between both these points
showed only small and gradual variations in basement pressure.
They did not exceed 2 Pa over the length of any test. Our
basement reference point was stable.

To verify the influence of slight wind on the basement
reference pressure, we compared an exterior reference
pressure, measured on the windward side of the house, to that
of a pressure measured in a sealed glass jar. The
differential pressure measured between these points again
showed only minor variation. All testing was done on days
when wind speed was less than 6 km/h.

ii) Pressure oscillations

Measured static pressures were shown to change very rapidly.
We tried dampening pressures at the flue collar, by averaging
their reading across the flow instead of taking a single
reading, but were unsuccessful. We discovered that the static
pressure was in the form of high frequency oscillations and
that our readings were random points along the oscillating
curve.



FIGURE 2 TYPICAL CHIMNEY INSTALLATION
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We later found out that the static pressures were oscillating
too rapidly for the 16 msec response time of the pressure
transducers. To measure these high frequency vibrations more
accurately, we used a dynamic pressure transducer or
microphone. The microphone's signal was amplified and
displayed on an oscilloscope.

3.3 Flow measurement
a) Furnace flow

To verify FLUESIM's prediction of furnace flow, dilution flow and
chimney flow, the concentration of €O, in the flue gas was
monitored continuously before and after the barometric damper. A
reduction of CO, after the damper indicated the addition of
dilution air. This meant an increase in flow'. Unfortunately air
leakage into the CO, sampling lines considerably lowered the
accuracy of the flow measurements.

As an alternative for measuring dilution flow we used two other
methods, one using dew-point temperature and the other using
before-and-after-damper temperatures. Both methods stem from the
basic calculations for oil combustion where the standard volume
flow (furnace flow) is theoretically calculated as being 15.83 L/s,
given an oil flow rate of 0.82 USGPH (26.4 kg/h) and a CO,
concentration of 8% at the flue collar (Appendix C).

The dew-point temperature method uses the dew point to find the
water-air ratio (from the psychometric chart) of the after damper
flue gas. With the before damper waler-air-ratios available from
the basic combustion calculations we equated flows and water-air-
ratios both before and after the damper to calculate dilution flow.

In the before-and-after-damper temperature method we equate the
heat content of the flow before the damper to the heat content of
the increased flow after the damper. The lower temperature after
the damper is proportional to the increased flow from dilution.
In this method we also must account for the radiant heat losses
from the chimney connectors between the measuring points.

b) Sources of error in flow measurement

Flow was initially measured from the percentage of CO, in the flue
gas at the flue collar and downstream from the barometric damper.
Because of infiltration into the gas sampling lines, this method
gave inconsistent data. The calculation of flow at the flue collar

The CO, concentration past the damper cannot be higher than
the concentration before the damper. We cannot measure spillage
from the damper with this method.
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also relies on the accuracy of the CO, measurement and determining
the accuracy of the o0il flow to the burner. This method gave us
error readings in the range of 3 L/s on flows from 15 to 30 L/s
(Appendix C).

When calculating flow from the dew-point temperature we first
locate the point where the flue gases have just finished condensing
from the temperature curves (ref. section 5.1.1). This is the dew
point and is located at the knee on the wall temperature curve just
before the evaporation plateau. We can determine this point
within one degree C. There is also some error attributed to the
thermocouples. They also were shown to be within one degree C when
calibrated against melting ice and boiling water.

When measuring flow from before-and-after-damper temperature
difference we rely on the accuracy of two thermocouples. Another
source of error is in the estimate of the radiation loss from the
chimney connector between measuring points.

Flow calculated from both the dew-point temperature method and the
before-and-after-damper temperatures give a surprisingly good
correlation (Ref. section 5.1a).

3.4 Data acquisition

Test data were collected by a Sciemetric Labmate Series 7000 and
a Hewlett Packard 3421A data acquisition system. Fifteen analog
channels on the Sciemetric recorded data at 12-second intervals.
The data were saved on diskette in ASCII file form for analysis.
The basement, second floor and exterior temperatures were recorded
by the Hewlett Packard system on tape and then manually transferred
to the worksheet files for analysis.

While each test was being run, data acquisition was monitored on
a real-time graph. This instantaneous presentation allowed us to
monitor test parameters as the test proceeded. If problems
developed they were apparent immediately, and tests could be
aborted or problems debugged.

Because of the potential for electrical interference originating
from air traffic control systems in the vicinity of the Armstrong
house, all leads to the datalogging equipment were shielded and all
measuring instruments grounded.
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4.0 FIELD PREPARATIONS AT THE ARMSTRONG HOUSE
4.1 Field preparations

a) Inspection of existing chimneys

Six chimneys were used in the study (Ref. Table 1). A 175-mm
diameter (7-inch) A-vent and a masonry chimney with a 160-mm (8-
inch nominal) square clay flue liner were already installed at the
Armstrong House. These exterior chimneys were used in a previous
CMHC study. The 175-mm A-vent chimney was replaced because a
visual inspection showed that water had penetrated many of its
sections. The outer shells were rusted, a few to the point of
perforation. Chimney insulation was caked due to moisture
penetration.

The brick chimney was in fairly good shape on the exterior with no
cracks in the mortar or broken bricks. The clay tile liner had a
rather large curvature from top to bottom. There were no
noticeable cracks in the clay flue tile liner and no blockages.

b) Installation of new chimneys

The four other chimneys were installed along the exterior wall of
the Armstrong house next to the 175-mm (7") A-vent. All six
chimneys were side by side, 10 cm apart, and approximately 8.5 m
in height, terminating 2 m above the roof. They all entered the
basement at the same level. To protect the thermocouples from
interference, all metal chimneys were grounded. Figure 2 shows a
typical chimney installation.

During installation there was some difficulty joining the custom-
built (i.e high RSI) chimney sections together, because there was
only a 12 to 25 mm (1/2 to 1 inch) overlap between chimney
sections. A 50 mm overlap would have made the chimneys easier to
work with.

Exterior joints from all five pre-fab chimneys were sealed with
aluminum tape, immediately after installation, to protect against
water entry and air infiltration. Unwanted air entry would dilute
the gases and cause errors in the calculation of flows,
temperatures, etc. The chimney tops remained sealed at all times
when there was no testing. This kept rainwater and birds out. We
removed several dead birds from the two existing chimneys before
the testing. Chimney caps were not installed because chimneys were
too close to each another.



c) Preparation of house, furnace and chimney connectors
i) House

The CMHC Armstrong test house is situated on Armstrong Road
in Ottawa, a few kilometres south of the Ottawa International
Airport. The Armstrong house is a large, two-storey unoccupied
research house. It has a half basement where the oil furnace
is installed. The house is unheated when it is unoccupied.
Since the entire house was not required for the study, a
portion was sealed-off, to facilitate heating and to maintain
stable temperatures during testing. The basement plus the
first and second floor directly above comprised the first
area.

ii) Furnace

In order to eliminate chimney connector geometry as a
variable, IRTA connected each chimney connector to the furnace
and chimney in an identical fashion. To do this, the furnace
was fitted with a flexible o0il line and it was placed on
casters. The furnace could now be moved in front of each
chimney being tested.

iii) Chimney connectors

In each test the furnace was connected to the chimney using
a straight chimney connector 2.7 meters (9') 1long. Three
different types of chimney connectors were compared in the
study: 175-mm (7") and 100-mm (4") single wall chimney
connectors and a 100-mm (4") insulated chimney connector.
The 100-mm (4") insulated chimney connector had 45 mm (1-3/4")
of fibreglass insulation, which should provide an RSI of 1.
Chimney connector joints were taped to prevent infiltration
of room air.

Adapters were used to connect the chimney connectors to the
different chimneys and the furnace flue collar. The adapters
were of the short step-type with abrupt transition from
smaller to larger diameter.

4.2 One-time tests

a) Adjusting the oil furnace

The Finlay o0il furnace installed at Armstrong house uses a
conventional Arrow burner rated at 36 kW (123,000 Btu/h) when
fitted with a 1.10 USGPH nozzle.

Prior to the testing the furnace was serviced by E. C. Brown

Heating and Ventilation. The serviceman relined the fire pot, and
adjusted the circulating fan, the burner motor and burner motor
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shaft. The burner was downsized to 0.85 USGPH which was gave it
a 27 kW equivalent.

The serviceman's efficiency test on the furnace gave a flue gas
temperature of 227°C at the flue collar and a CO, concentration of
9%. The furnace's efficiency was measured at 78%. IRTA's test
measurements agreed with those of the serviceman.

b) Verifying the o0il nozzle rating

To verify the nozzle rating, we disconnected the furnace's flexible
0il line from the oil tank and placed it in a jar of oil which was
mounted on a weigh scale. With the furnace operating, we measured
the weight of oil consumed over a time interval. The weight was
converted to USGPH. A value of 0.82 USGPH was obtained as compared
to the nozzle's rating of 0.85. This lowered the furnace's rating
to 26 kW. Our measured oil flow rate was used in the mass flow
calculations for combustion gas flow.

c) Fan depressurization

The fan depressurization test was performed with a Retrotec blower
door to determine the air tightness characteristics of the

building. This air tightness data was necessary as input to
simulation, and helpful in interpreting the behaviour of some of
the chimneys. Testing was performed according to the standard

CAN/CGSB-149.10-M86, Determination of the Airtightness of Buildin
Envelopes by the Fan Depressurization Method. :

For these tests all the chimney flues were sealed.

A summary of the fan test results is given below. All test data
are shown in Appendix D.

sul of air tightness testing:

Testing revealed a rate of 11.8 air changes per hour (ACPH) at 50
pagcals. The equivalent leakage area (at 10 Pa) is 0.15 m® (1.60
ft°). The flow coefficients were: n = 0.625 and ¢ = 186.2.

d) Vertical centre of leakage (VCL)

Indoor/outdoor pressure gradients were used to approximate the
extent of air leakage occurring along the vertical axis of the
building. The vertical centre of leakage is the theoretical
location of zero leakage as defined by a zero pressure gradient.
Below the VCL air flows into the building and above it air flows
out of the building.

The indoor/outdoor pressure differentials measured indicated that
the VCL was 3.5 metres above the second storey ceiling. We had
expected the VCL to be somewhere around the midpoint of the
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building, considering the house's large air change rate (refer to
previous section). Our VCL measurements were taken in less than
ideal conditions, in warmer weather with less than a 10 degree C
inside/outside temperature differential.

Doubting our results, we arbitrarily took the VCL as being located
halfway between the exterior grade and the top storey ceiling.

FIGURE 3. VERTICAL CENTRE OF LEAKAGE

ot e gt

/ , Expected
A VCL
1 |  (approx.)
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e) CMHC flue duct testing

Flue duct testing was performed by CMHC. Results are listed in
Appendix E. The duct test utilizes an apparatus with a variable
speed fan, which controls and measures the volume of air exhausted
from a conduit, when the conduit is subjected to incremental
pressures. From this information each chimney can be fingerprinted
by a pressure-vs-flow curve which describes the aerodynamic
behaviour of the chimney.

Flue testing of each chimney was done both with the chimney top
open and sealed. Tests with the chimney top open give an
indication of the chimney's flow capacity as shown by the flow @
10 Pa pressure in Table 2. Tests with the chimney top sealed give
an estimate of the quantity of cracks in each chimney. The larger
the sealed chimney's ELA, the larger the amount of infiltration
into the chimney. Chimneys with their joints téaped are shown to
have lower ELAs and consequently lower infiltration.

The test results were also used to determine the effect of air
leakage in reducing the effectiveness of chimney insulation.

TABLE 2.

FLUE DUCT TESTING RESULTS
Chimney Flow at 10 Pa ELA (cm"2) ELA (cm"2)
(open chimney) Blocked chimney | Blocked chimney
(L/s) joints taped joints untaped
1 [High-RSI-A ]
100-mm 13.5 2.4 3.2
2 [High-RS1-B
100-mm 13.7 2.5 3.7
3 |A-vent
100-mm 11.5 1.8
4 |Type-650
150-mm 51.0 F ]
5 |A-vent
175-mm 89.7 5.2 6.7
{6 [Masonry
| 1160-mm 80.4 8.6
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5.0 TEST RESULTS
Introduction:

The first section of test results deals with flows and spillage.
A chimney must be able to vent all combustion products to the
outdoors safely, without any spillage to the indoor environment.

The second section of test results deals with temperatures,
condensation and chimney insulation. When a chimney cannot
maintain adequate flue gas temperatures, condensation occurs, and
this can lead to the rapid deterioration of the chimney.

The third section of the test results covers the pressures

associated with the combustion process and how these influence the
chimney performance.

THEORETICAL AND FIELD TEST CHIMNEY PERFORMANCE

Slze1 Size2 Size3 Size4 Skze5 Sizeb

TEMPERATURE (OR PRESSURE)

Sze1 Size2 Sized Size4 Bze5 Bizes

FIGURE 4. Limits on interpolating or extrapolating results

The test design was initially intended to use FLUESIM computer
simulations to aid in drawing conclusions on the benefits of
increased chimney insulation and downsizing. As FLUESIM
proved inappropriate for this analysis, the testing matrix is
not complete enough for optimum comparison of insulation and
sizing effects. only two of the installations (100-mm
chimneys with 2 insulation levels) permit comparison of
increased insulation; only two of the installations (100-mm
and 175 mm A-vents) permit comparison of varying chimney size.
As demonstrated in Figure 4, two points alone are far from
sufficient for permitting interpolation or extrapolation of
data with any degree of confidence.
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5.1 Flows and spillage
a) Flows

Table 3 and Figure 6 summarize the flow data derived from dew-point
temperatures and from the temperature difference of the flue gases
before and after the damper. The different methods give slightly
different results because they do not measure flow at the same
times during the combustion. The dew-point temperature method
measures flow as condensation ends (Fig. 5) while the temperature
difference method measures flow at 8 minutes. Because condensation
in the masonry chimney continued beyond the 12 minute test period,
dew-point temperatures were not available for measurement of flow.

The furnace flow is measured from the basic combustion calculations
as 15.8 L/s. While the furnace flow changes slightly as efficiency
changes, we will assume it to remain constant with all chimneys.
Calculated flows for all 100-mm flues (chimney and chimney
connectors) show them to operate near capacity i.e. very close to
the basic furnace flow with very little room for dilution flow.
Flows from some of the 100-mm flues are smaller (Table 3) than the
furnace flow because of their prolonged spillage periods.

The 150-mm and 175-mm chimneys showed flows of 27 and 29 L/s
respectively when using a 175-mm chimney connector. These flows
are. 70% larger than the basic 15.8 L/s furnace flow and would
indicate that a smaller chimney (possibly 125-mm) could handle the
steady-state flow from this furnace without excessive spillage.
It would not properly handle startup spillage from this furnace:

the 150-mm chimnev snilled for 30 seconds with 7" chimney connector

(Flg. 7).

These standard volumetric flows translate into standard density
velocities of 2.0 m/s for 100-mm chimneys, 1.5 m/s for the 150-mm
chimney and 1.2 m/s for the 175-mm chimney.



TABLE 3.

FLOW COMPARISON FROM DEW-POINT AND FROM DELTA-TEMPERATURE

NO DEPRESSURIZATION dew point delta temp
chimney ____chimey connectors _____chimney connectors
175-mm 100-mm 100-mm 175-mm 100-mm 100-mm
single-wall | insulated |single-wall |single-wall| insulated |single-wall

1] 100-mm High-RSI-A NA 18.8 19.3 NA 15.6 17.2

2| 100-mm High-RSI-B 14.7 16.6 13.8 14.8 16.8 17.6

3 100-mm A-vent 20.5 18.7 17.2 16.9 15.1 16.5

4|  150-mm Type-650 28 17.6 NA 27.6 17.7 NA

5 175-mm A-vent 29.6 17.7 NA 28.8 17.4 NA

6 160-mm Masonry NA NA NA 21.5 NA NA
DEPRESSURIZATION delta temp
chimney chimney connectors

175-mm 100-mm 100-mm
single-wall | insulated |single-wall

1| 100-mm High-RSI-A NA 15.4 16.5

2| 100-mm High-RSI-B 14.8 16.2 17.4

3 100-mm A-vent 16.4 15 16.5

4| 150-mm Type-650 24.5 17.7 NA

5 175-mm A-vent 24.9 16.4 NA

[-) 160-mm Masonry 15.2 NA NA

FIGURE 5. Dew Point Measurements

Turnparaters fiog 0

CHIMNEY: 4" R8I-1.8 PIPE: 4" singie-wall NO DEPRESSURIZATION

-
-
-
-
-
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FIGURE 6.
Flow comparisons
FROM DEW-POINT AND FROM DELTA TEMP WITH AND WITHOUT DEPRESSURIZATION
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FIGURE 7.
SPILLAGE OF COMBUSTION GASES
NO HOUSE DEPRESSURIZATION UNDER HOUSE DEPRESSURIZATION
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b)

Spillage of combustion gases
i) Categorizing spillage

Spillage of combustion gases was identified with a smoke
pencil, and the duration of any spillage after furnace start-
up was timed. Because we identified different degrees of
spillage, we decided to categorize these according to some
measure of importance. Light backpuffing is not as serious
a problem as continuous spillage. The following categories
were selected:

- continuous: There is continuous spillage out of the
damper. No room air is being drawn into
the damper.

- partial: The damper is continuously oscillating
between spillage and air intake.

- intermittent: Occasional spillage from time to time.

Note: 1) Our system was equipped with a barometric damper
in very good operating condition. It shut firmly
in place, leaving a very small perimeter crack under
zero or positive gas pressure differential. This
provided little opportunity for spillage. This is
not always the case in houses. Identical pressure
conditions with a poorly operating damper could

At Var U-Afoti'lll- 1w wirsmlh hisahas smma 1l as~
AT A ] keI W Add ARl JAL\,II\..I. ar.l.a..l.u”

2) It is our opinion that intermittent, and probably
partial, spillage during the tests are both caused
primarily by combustion oscillations.

ii) Field data

During each test total spillage times were recorded. These
are shown on Figure 7. The lower part of the stacked graph
shows the duration of continuous spillage, the middle partial
spillage and at the top the duration of jintermittent spillage.

All 100-mm (4-inch) diameter chimneys were shown to spill
combustion products into the house for unacceptably long
periods with complete spillage occurring for periods longer
than 25 seconds. The type of chimney connector did not seem
to affect the spillage patterns of the 100-mm (4-inch)
chimneys. There seemed to be no definite pattern as to how
the depressurization affected the duration of spillage.
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The 150-mm Type-650 chimney had only short periods of
continuous spillage, but partial and intermittent spillage
lasted for periods up to half a minute and more after start

up.

Spillage on the 175-mm (7-") A-vent and the masonry chimney
was limited to less than 10 seconds and even then the spillage
was only partial and intermittent.

GE OM - S S
CAPACIT S _TNSUFF EN' HAN FLOW FR S 26-kW
8] URNA E 150-MM 175- ES WERE EASILY AB

o] LE_THIS W,
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5.2 Temperatures, condensation and thermal resistance

a) Test temperatures

i) Temperature variations between chimneys

Six of the ten recorded temperatures are graphed (Fig. 8a and
9a). Omitted for the sake of clarity are two interior ambient
temperatures, the exterior temperature and the flue gas
temperature at the chimney's midpoint. Temperature curves for
each test may be found in Appendix F.

The duration of each test was approximately 15 minutes (Fig.
8a). Temperatures were recorded 3 minutes before furnace
startup to check recordings and verify operating conditions.
At time 0, the furnace was turned on; temperatures rose
sharply and then tapered off as they approached equilibrium.

The "chimney top" and "inside liner wall" temperatures were
slower to reach equilibrium. Flue gas temperatures generally
reached 90% to 95% of their steady state conditions within 12
minutes, except in chimneys with a heavy thermal mass, such
as the masonry chimney.

Figure 10 summarize the "chimney top" temperatures at 8
minutes after startup. The two horizontal lines at 60 and
80°C, represent the zone where condensation is evaporating.
If the core (or flue centre) gas temperature at the chimney
top is in this zone, the condensate may not have totally
evaporated. If it is below 60°C. condensation may still be
occurring.

THE IGHLY INSULATED SI-A CH DID NOT SHOW Y
MPROVEMENT IN TEMPERATU OVER THE HIGH INSULATED RSI-
CHIMNEY, 8 MINUTES AFTER STARTUP (Fig. 10). This observation

agrees with the calculated thermal resistance values of the
chimneys: high RSI-A = 1.6 and high RSI-B = 1.3 (ref. section
5.2 €).

When touching the exterior wall of the high RSI-A chimney we
could feel hot spots, suggesting poor distribution of the
insulation pads.

L NSULATED - OWS CEAB
MPRO E SSER INSULAT o N MATNTAIN
G M N G NSATION OF COMBUS N

GASES.
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100-MM TYPE-A CHIMNEY WITH 100-MM SINGLE-WALL CHIMNEY CONNECTOR
No House Depressurization

FIGURE 8

FLUE TEMPERATURES
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FIGURE 8b

FLUE PRESSURES
f

TeeeRIzIIiss et
*esssssssggs

Sy

bl

i
§
1{
ssesssssssrassssssssssessssmmsssssaccnsssesadcaaaan

e

e

b
.

—

-
g

oulside wall pressure ve ciosed bottle

—

16 -
10 -

-1

minutes



No House Depressurization
FLUE TEMPERATURES

150-MM TYPE-650 CHIMNEY WITH 175-MM SINGLE-WALL CHIMNEY CONNECTOR

FIGURE 9a
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FIGURE 10

temperature (deg. C)

FLUE TEMPERATURES - NO DEPRESSURIZATION
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FIGURE 11

temperature (deg C)

Time (minutes)
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ii) Temperatures associated with insulated chimney connectors

The 100-mm chimneys were tested with three chimney connectors:
100-mm single-wall, 100-mm insulated and 175-mm single-wall.
The 100-mm single-wall chimney connector maintained 15 degrees
higher temperatures at the chimney base than did the larger
175-mm single-wall chimney connector. The insulated 100-mm
chimney connector maintained the average temperature of
chimney gases some 10 degrees higher than the single-wall
chimney connector.

iii) Temperature drop due to dilution flow

On the three larger-diameter chimneys, dilution of combustion
gases is noticeable by the sudden drop in temperature on the
"after damper" curve (Fig. 9a). The barometric damper was set
to open at 15 Pa.

On the smaller 100-mm (4") chimneys, the chimney operates
below this 15-Pa draft but pressure pulsations make the damper
flutter. The small amounts of dilution provided by these
draft fluctuations can be seen by the oscillations in the
"after damper" temperature curves (Fig. 8a).

iv) Effect of depressurization on temperature

A 5 Pa depressurization does not seem to change the
temperatures in the 100-mm (4") flues. The smaller chimneys
are shown to operate with a draft smaller than the 15 Pa
required to open the damper, with the consequence that the
system remains closed to the depressurized surroundings.
There does not seem to be a significant increase in spillage
under depressurized conditions.

On the three larger flues (with the 175-mm chimney connector),
which operate generally at a draft greater than 15 Pa, the 5-
Pa depressurization has the effect of decreasing dilution into
the chimney (Table 3), thus slightly increasing temperatures.

b) Condensation

The cessation of condensation of combustion gases is noticeable by
the flat portion of the "inside liner wall" temperature curve a few
minutes after furnace startup (Fig. 5, 8a and 9a). Because of the
heat released during condensation, wall temperatures rise rapidly
during the first two minutes. This rapid rise of wall temperature
is followed by a flat portion, due to the stabilization of
temperatures during evaporation of the condensate. When all the
water is re-evaporated, temperatures once again start to rise.

Figure 11 shows the core gas temperatures at the chimney top
associated with re-evaporation. It also indicates the duration of
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the condensation period and the time required for each chimney to
re-evaporate the wall moisture. Better insulated chimneys show a
slight advantage over the other chimneys. With a cold startup, in
a 0°C outside temperature, the masonry chimney does not reach its
re-evaporation phase within 15 minutes of startup. Using an
insulated chimney connector to deliver warmer gases to the chimney
base will decrease both the quantity and duration of condensation
in a chimney.

In domestic applications for ©¢il and gas furnaces where the cycle
periods are 1less than 8 minutes, we must question whether
condensation does not affect the performance of even the better
insulated chimneys. Where cycle periods become longer (or for
woodburning applications where periods are long but temperatures
are lower) better insulated chimney increase performance by
maintaining shorter condensation periods and warmer temperatures.

ETTER S CHIMNEYS AND CHIMN CONNECTORS WOULD REDUCE
N’ AND DURATION OF C Y CO (] SSocC W
. IS RED NSATIO ULTS IN NG
GHER CHIMNEY TEMPERA S _MORE QUIC D IMPROVES CHIMNEY

PERFORMANCE.
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¢) Chimney RSI values
i) Measured vs theoretical

To measure the insulation value of the chimneys, we heated
them until they reached equilibrium temperatures. In this
state, the axial heat flow through the chimney wall and
insulating materials is also in equilibrium. The materials
are no longer absorbing any heat. This process took roughly
30 minutes for chimneys with low thermal mass and an hour and
more for the chimneys with high thermal mass.

Table 4 lists theoretical and measured chimney RSI values for
the different chimney types. The 8-minute operating cycle was
much too short for chimneys to come to equilibrium. Over
these short periods the chimneys with the larger thermal mass
(i.e. A-vents, masonry) had a lower "effective RSI"? because
of the mass effect.

YSTEM TING ON IONGER HEATING CLES ALLOW CHIMNEYS TO
PPROACH ILIBRIUM TEMPERA S PUTTING TO BETTE E
E I G V

ii) How chimney infiltration affects "effective RSI" values

To determine the degree to which air leakage through chimney
joints affected insulation values, chimneys were retested
under three infiltration rates. Table 4 shows how
infiltration can decrease the "effective RSI" values of

- chimneys. Maximum chimney heat losses due to infiltration can
reach 30% of the total heat loss. These maximum infiltration
tests were done by removing the tape from around the chimney
joints (ref. Table 2).

NFILTRAT NTO CHY WERS A MN "EFFECTIVE RSI"
VALU EASES RFORMANCE.

5.3 Pressure
a) Test pressures
Static pressures were found to change rapidly in response to

combustion pulsations. Our initial recordings of static pressure
were not sensitive enough to trace the exact shape of the pressure

°The RSI of any material is a steady-state measurement. 1In
this text, we use the term "effective RSI" to indicate the apparent
thermal resistance of a material before equilibrium is reached.
Its value is lower than the true RSI due to the mass effect: the
larger the thermal mass, the greater the flue gas heat loss to the
material before thermal equilibrium is reached.
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oscillations whose high frequencies were later measured in the 125
to 330 Hz range (Ref. Appendix H). Audible and visual observations
of the operating furnace detected low frequencies with peak
amplitudes recurring at more than 10-second intervals. These low
frequencies would become more important when assessing combustion
gas spillage.

Figures 8b and 9b show the four measured test pressures: before
and after the barometric damper, and at the chimney base and top.
At time of 0 minute the furnace is turned on. Pressures rise
sharply and then flatten off as the temperatures reach equilibrium
and the draft is established. Pressures are recorded for 15
minutes during the tests.

The "before damper" oscillations were shown to have an amplitude
in excess of 25 Pa (Appendix H). Pressures variations measured
upstream from the damper were much smaller, their amplitude being
cut by the action of the barometric damper. The "“chimney top"
static pressures are again lower due to friction losses in the
chimney.

b) Pressure measurements under house depressurization

Tests done with the 5-pascal depressurization show that the flue
pressures are affected most when the damper is open (at flue
pressures above 15 Pa) and only slightly affected when the damper
is closed (at flue pressures below 15 Pa).

TABLE 4.
CHIMNEY INSULATION
CHIMNEY INSULATION RSI - VALUE “EFFECTIVE RSI" HEAT LOSS
material & [density|theoretical | measured at | measured at after from maximum
gize & type] thickness | Kg/m3 equilibrium oqui librium 8 minutes infiltration
(joints taped)|(joints untaped) operation X
1 [High-RSI-A |fiberglass 16 3 1.65 1.40 0.42 26
100 mm 137 mm (5.5")
2 [Righ-RSI1-B |fiberglass 28 1.5 1.26 1.10 0.26 33
100 mm 67 mm (2.7")
3 [A-vent mineral fibre| 400 0.4 0.25 NA 0.14 NA
100 mm [ 25 mm (1)
4 {Type 650 |mineral wool 208 1.3 NA NA 0.38 NA
150 mm | 57 mm (2.3")
.3 A-vent mineral fibre| 400 0.4 0.41 0.38 0.29 29
175 mm 25 mm (1)
6 |Masonry clay tile 1900 0.4 NA NA 0.20 NA
160 mm air space
brick
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6.0 DISCUSSION

a) Further research work needed

b)

Further research in sizing chimneys should use a variable non-
pulsating heat source with a matrix of flue types and sizes.
Most of the work could be done in the 1lab.

Further research work of this nature should investigate the
optimum insulation levels and insulation characteristics of
flues meant to service short cycling oil or gas furnaces.
This work should include masonry chimneys.

Further research should study the role of infiltration on
chimney thermal resistance and performance.

While the nature of the pressure oscillations is complex and
has been researched to a great extent we suggest that any
future work investigate the relationship of the combustion
generated oscillations to the spillage of combustion gas in
the house (ref. Appendix H).

The FLUESIM program was designed with the intention of
simulating the operational parameters (temperature, pressure,
flow, spillage of combustion gases...) for different flue
designs used with oil or gas furnaces. This approach provided
the potential of designing and testing, on paper, new or
innovative chimney designs. Design changes could be evaluated
quickly and economically.

IRTA performed a few of the FLUESIM simulations (Appendix I)
but was not very successful in matching its field data to the
simulated data.

FLUESIM is presently undergoing modifications which are
intended to accelerate its execution speed and to permit safer
and easier access to its algorithms for modifications. On a
386-16MHz computer, the FLUESIM simulation of test 3420 lasts
16 minutes. On an XT running at 4.77 MHz this same test took
1 hour and 45 minutes. Ideally we should be expecting an
execution time of 1less than 2 minutes, otherwise this
discourages the trial of numerous variations.

Work should be continued on developing a flue simulator
program because it can greatly reduce costs associated with
chimney research. The FLUESIM program should have its
execution speed greatly increased to encourage its use. Its
structure should be modularized to easily accept the
modifications shown necessary by results of field testing.
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8.0 CONCLUSIONS

1=

The three 100-mm factory-built chimneys showed excessive
spillage when operated on a 26 kW furnace with combustion
pulsations. The 150-mm and 175-mm factory-built chimneys and
the 160-mm masonry chimney had only minimal spillage.

Mass effect played an important role in reducing "effective
insulation" value on all chimneys within 8 minutes of start
up, a typical cycling period for oil furnaces.

Better insulated chimneys had shorter condensation periods and
attained operating condition much faster.

Insulated chimney connectors contributed to increase chimney
performance.

The duration of condensation in the uninsulated masonry
chimney was excessive.

Low-frequency combustion pulsations can contribute to indoor
air pollution.

FLUESIM proved inappropriate for use in these studies, due to
its complexity of structure (preventing easy modification) and

_ its long execution times.
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APPENDIX A - TEST PROTOCOL
A.1 Restrictions
a) Weather

So that weather would not influence measurements, testing was done
when atmospheric conditions were favourable. Weather forecasts
were checked at the Atmospheric Environment Service (AES) of
Environment Canada. The station is located only a few miles from
the Armstrong test house. The monthly meteorological summary
sheets for April 1989 are included at the end of this Appendix.
The following restrictions were placed on the testing.

Wind speed less than 6 kilometres per hour: Wind speeds were
monitored both from the AES weather station and with the help
of a cup anemometer on site. The cup anemometer is handy in
identifying the short term variations in the wind speeds,
which generally do not show up in the AES averages. Most of
the testing was done with the wind speeds less than 6 k/h.

Stable and cold outdoor temperatures: The masonry and two A-
vent chimneys were to be tested with exterior temperatures
below freezing. The other 3 chimneys were to be tested with
temperatures below 5°C. The unusually cold temperatures of
the April 1989 test period permitted most of the testing to
be done with temperatures below freezing.

No precipitation during testing: The chimneys were all tested

without chimney caps because they were installed to close to
permit putting on some of the larger caps. To ensure that no
rain water enters the chimney insulation through the top
chimney sections, testing would not be done if it was raining.

No solar gain for three hours prior to testing: Testing was

performed in the evenings and at night. This prevented
chimneys materials from storing solar heat which could
influence test results.

b) House preparations for testing

Indoor house temperature restrictions: When testing was

performed house temperatures were maintained between 17 and
22°C.

When necessary the house was cooled with a depressurization
fan. Electric heaters were used to maintain minimum
temperatures when testing. Fans circulated house air and
reduced overheating of the basement, where the furnace is
located.
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Instrumentation was housed in a temperature controlled room
to isolate it from the house's temperature variations which
could increase measurement errors.

imne ner and te an r es: Chimney liners
and furnace heat exchanger temperatures were Kkept at
temperatures below 22°C at the start of each test. If the
heat exchanger and chimney were hot from a previous test, they
were cooled by a fan drawing cool exterior air down the
chimney and through the furnace.

ouse jindoor/outdoor ssure difference at ascal: During
several of the tests the house indoor/outdoor pressure
difference was above the suggested 1 Pascal limit. Initially
it was discussed that if this happened, the pressure could be
equalized by providing fresh air intake in the basement to
lower the house's neutral pressure plane. This could be done
by opening up some of the chimney flues. When this was later
tried, we realized that the chimneys were not very helpful
because they opened up only at the upper level, not in the
basement and did little to equalize pressures. We would have
needed a fresh air intake at the basement level. 1In several
of the tests the house pressure differential was larger than
the suggested 1 Pascal limit but it did not exceed 3 Pascals.

A.2 Steady state tests

The purpose of the steady state tests was to record base

information on the performance of each chimney. This test
sumiem e d made sl e s +ha furnace fram a oald etart and rarnrd!na

e T o ST . ulaal.p.ah, -

operating parameters such as temperatures, flows and pressures
until the chimney's steady state condition was reached. The
duration of spillage of combustion gases from the barometric damper
was also recorded. The following test protocol was used in the
testing.

- Ensure that restrictions for weather and interior house
conditions are met.

- Data was recorded for three minutes prior to testing. This
allowed us to verify the recording and noise level. A check
on pressure readings told us whether the chimney flow was
upward or whether it was backdrafting.

- The indoor/outdoor pressure differential was recorded.

-~ The furnace circulation fan ran continuously. Several fans
were used to circulate house air.

- The furnace was started and its start time was marked on the
hard copy of the recording.
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- Pressure, temperature and flow data was recorded.

- At the start of the test a smoke pencil was used to check for
spillage at the barometric damper. The duration and intensity
of the spillage was recorded.

- Tests were run for 12 minutes. This period of time allowed
most flue liners to reach 90% of maximum value. When testing
was done to determine the thermal resistance of the various
chimneys, flue were heated for 30 to 60 minutes. During this
period the top chimney temperature would reach 99% of its
maximum value.

- The furnace was turned off. The house, furnace and chimney
were cooled to the initial test conditions.

A.3 Tests with depressurization

These tests proceeded in the same fashion as the steady state tests
except that the chimney was depressurized prior to the start of the
test. A 30 Pascals depressurization was used to initiate a cold
backdraft down the chimney. The depressurization was then slowly
reduced to 5 Pascals for the test. If the 5 Pascals was not
sufficient to maintain initial flue backdrafting then the pressure
was increased to 7.5 or 10 Pascals. In a few cases a pressure of
10 Pascals was required to obtain startup backdraft.
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10 3.4 | -5.0 | 0.8 | 18.8 | 2 ™ TR 11.5 | wsw v 20 4.9
1 5.5 | -3.6 1.0 | 17.0 93 | 30 ™R TR 8.9 W [wNWE 15 9.2
12 8.2 | -4.3 2.0 | 16.0 86 | 31 10.7 | S5W [SSE 20 8.3
13 4.8 | 0.5 2.2 | 15.8 93 | s6 2.0 1.4 3.8 10.4 | SsW E 22 2.0
1 9.9 | -3.0 3.5 | 14.5 93 | 40 8.0 SW [ssw 19 8.7
15 | 11.0 3.6 7.2 | 10.8 2.2 100 | 61 1.4 1.4 9.3 E* [ssw* 19 1.1
% | 12.7 2.9 7.8 | 10.2 2.8 100 | 54 T 1R 5.7 | SSE [SSE¥ 11 5.0
17 | 16.4 0.5 8.5 9.5 3.5 100 | 39 2.8 2.8 11.7 | SSE*|[wNW 26 5.3
L] 7.1 | <41 1.5 | 16.5 86 | 31 15.0 W | Nwo 28 8.0
1% 9.6 | -2.9 3.4 | 148 100 | 29 9. W |wsw 20 10.6
20 | 11.5 | -0.3 5.6 | 12.4 0.6 80 | 19 1.1 W N+ 22 13.1
2 12.4 | -1.9 5.3 | 12.7 0.3 64 | 19 15.6 | NNW | WMw 37 12.
22 3.1 | -4.0 | ~0.5| 18.5 541 18 22,5 | wiw e 3¢ 1.7
e .1 | =3.7 1.5 | 16.5 69 | 39 18.9 NW | NNW* 26 6.8
24 12.5 | 0.7 5.9 12.1 0.9 69| 20 19.4 | wNw [wNw 30 11.8
25 13.2 0.7 7.0 | 11.0 2.0 59 | 26 B.3 | NNWM N¥ 15 12:3
26 | 16.4 2.1 9.3 8.7 4.3 60| 25
27 | 11.6 2.2 6.9 | 11.1 1.9 65| 37
28 10.6 1.4 6.0 | 12.0 1.0 60 | 32
28 14.5 | 0.6 7.0 | 11.0 2.0 71| 28
80 [ 17.5| 6.7 12,1 5.9 7.4 91| 59
a
o AL 6T |
porpae| 9.6 | =0.7 | 4.5 f405 4| 33.0| © 83| 4o
PO (5
NORMAL b
10.7 | 0.3 56|55, 5| 64.2] 0.4 Iﬁﬁ}ﬁu} i
DEGREE-DAY SUMMARY/SOMMAIRE DE DEGRES JOURS “;;.‘:.":.'.};.‘:::_;E.::;‘-:." 2R VEE e e st
o] REVIOUS fl'—:: mEVOUS o o
wm‘ﬁlfc "'::‘“ m: HORMALE Mmﬁ:r: '"::' 53:": wosaiiif | 03 | 10 | ma | van | wo | an | is | 20 | s | wee
coumg | MCEDINTE gosag  PIREIPNTE wdne | O | b | wBne | uShe | O | uShe | wae | wOne | uSie
TOTAL DUMDS | 405.4 | 360.7 | 374.5 |TSORIGUDE" | 3.0 [ as.s | ea.z [ | | f o | St | | SN S0 [ S | 22
ACCIAMMATID ﬁﬂm‘f
BNCE JULY |
corifomge | 4506.6 | 4363.7 [4471.9 | Accwuuee 33.0 | 46.5 64.2| 9| 6| 4| o] of 2| 1|0 |o |oO
UOCHSIE08T [ 71084 | g 1 Giytdoumia 01 o E st —Qles E 57
2. NormaLormak 1051180
3. TR=Tmce
a4 e MlgringManguani
8. Mo entry/Pas 0 valeur = No occurnencePas déviramen)
B " ingicales hirnl of more INen 00e Draveilng gusclion snd/or maskmem 7 minuld mesn speed (see pape 4)/indique o premiing 08 pluturs Oe dirschions

Canadi

SUou e vidise

€ = Catmv/Calena
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Wt F menulss (voir page 4).
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9. Sunshine data from the experimemtal f[arm./Données d'ensolelllement de la ferme experimentale.
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COMPARATIVE RECORDS AT: OTTAWA INTERNATIONAL AIRPORT monTH  APRIL w89
RELEVES COMPARATIFS A AEROPORT INTERNATIONAL D'OTTAWA uOIS  AVRIL
- RECORD FOR THE MONT
m"’""’“:ﬂ: -mm...m (o THIS MONTH msv;::: znn RECORD POUR LE MOIS
Rainlai Haieur de plys = Mg e CE MOI5-Cl PRECEDENTE i i HIOHEST EVER LOWEST EVER gg;
BacwlaiHevies 8 N = et b e (G| noum‘ IHA“ MAXIMUM ABSOLU MINIMUM ABSOLU _'!
Vel antos Ve e ot = TR L R vaLue | Dav | value | par vaLUE | opar | veam | vaiue | oav | vean | B2
Biskion prassur/Prossion § la sisien  — Wacpaacsls (1Py] RELEVE | JOUR | RELEVE | JOUR RELEVE | JOUR | ANNEE | RELEVE | JOUR | ANMEE | 937
HIOHEST TEMPERAT MUM PRI o d
HIGHERT TEUIFERATURE Sasdivin) 17.5 |30 | 15.6 4 29.8 |18 | 1976 a. 5
LOWEST TEMPERATURE (MINIMUM| - 3. -16.
TEMPERATURE ulmw\né ! 5-0 2.6 16.7 4 1954 | 51
MEAN MONTHLY TEMPERATURE
TEMPERATURE MENSUELLE MOYENNE b3 1987 1. | 1943 | 51
TOTAL MONTHLY RAINFALL _,“
HAUTEUR TOTALE MENSUELLE DE PLUIE 21.6 1984 9.1 j 1975 51
TOTAL MONTHLY SNOWFALL
HAUTEUA TOTALE MENSUELLE DE NEIGE 2.2 1975 0.0 +| 1941 | 51
MONTHLY PRECIPITATION e
PRECIPITATION TOTALE MENSUELLE 24.2 1986 | 20.8 [T 1961 | 51
NO OF DAYS WITH MEASURABLE PRECIPITATION v fsd
NOMBRE DE JOURS AVEC PRECIPITATION MESURABLE 9 19514 8 o] 19759 40
GREATEST RAINFALL IN ONE DAY A b W
HAUTEUR DE PLUIE MAXIMALE EN UNE JOURNEE 9.6 4 1956 4o i '*f, 51
OREATEST BNOWFALL IN ONE DAY . e
HAUTEUR DE NEIGE MAXIMALE EN UNE JOURNEE 1.4 | 1) 1975 S, 31
GREATEST PRECIPITATION IN ONE D =4
PRECIPITATION ummlu ;."N UNE Ja:muu 9.6 4 1956 =l 51
A g
A T 2
FALL RECORDED IN: k]
T e R e A LR
6 MINUTES 19744% 55N A 3 5 "i 22
10 MINUTES 0.5 &4 1974 J 22
15 MINUTES 1.1 4 1974 22
20 WIBUTES 1.6 4 1974 22
W NITES 2.7 4 7.7 11 | 1978 22
C TIVE
™ EURES GONSECUTIVES 9.6 | 4 az.4| 15 | 1956 | 51
VITESSE MOVENNE DU VENT theh 12,1 [dd 21.7 1967 12.0 H1980 | 51
MAXIMUM SPEED (2
VITESSE AXIALE (mayans sur 2 i ) () [y 37| 21 w35 sw6| 6
MAXIMUM GUST SPEED
POINTE DU VENT MAXIMALE thmsh) NNW 48 | 22+ [ENE 59 v 97|18
TOTAL DES WEURES INSOLATION 212.6 1424 236.7
MEAN STATION PAESSURE [(kPa > T
PAESSION MOVENNE & LA STATION (kPa) 100.08 (] 99.59 100.26 [EES
QAEATEST GTATION PRESSURE (aP
PRESSION u&ldn LE Af:s:fnil'éﬁlm.} 101.28 | 12 |101.40
LEAST BTATION PRESSURE (kPal
PRESSION MINIMALE A LA STATION (xPs} 98.62| 7 | 91.54
CLIMATOLOGICAL DATA THIS MONTH FOR THE PASY YEARS
DONNEES CLIMATOLOGIOUES CE MOIS-CI POUR LES DERNIERE ANNEES
EoCLwD
MAxnam TOTAL LY el T et
YeAR Taue TEwr AN TR RABHALL BOWT ALL 4 HOUNS oEnRiEOAYE | DEOREE-Dave | CTURITDavd
i TEW, TEWF e |t | MR %’;‘m pamtn |orostssoms| clonttiouns :J:,E::
1980 19.3 6.7 6.7 4.8 5 993 T6L.5 | J&U.J % U0
1981 23.3 =7.6 6.7 58.2 1.0 59.0 205.9 339.0 84.1 0.0
1982 23.4 -15.1 4.1 53.8 2.2 56.8 211.6 411.9 72.2 0.0
1983 19.0 =-1.5 4.2 64.3 23.5 91.1 138.3 416.3 38.2 0.0
1984 23.6 -2.9 7.5 124.1 0.2 124.3 14.0 |WSW 50 187.6 316.7 85.8 0.0
1985 27.3 -B.6 5.5 30.4 17.6 52.4 16.3 SW 76 194.6 375.2 85.9 0.0
1986 26.9 -6.8 9.0 3.6 2.6 36.0 il.0 WNW 43 220.1 271.9% 138.8 0.1
1987 28.6 8.5 9.9 65.6 7.8 73.8 14.8 NNW 48 212.0 262.5 152.5 3.8
1988 15.6 ~2.6 6.0 B7.4 2.4 91.6 14.4 WNW 35 142.4 360.7 46.5 0.0
989 17.5 =5.0 4.5 21.6 2.2 24.2 12.1 WHW 37 212.6 405.4 33.0 0.0
;- Normalnormake 1531.1080 wavelov L 67~ 0l 00 87
1 Latreras lor panicd of record/Estidmas powr ia pinode oe unuln
L) lﬂlwu raintal recorged i may overisg calendar o oe piuw o0 paul-dine pour plun & une |curnds du calendrier
5 moal feCen - phus M
B ingicates Lrat of MO8 1RAN DR SCSWTIRACS/INGGUS b Bromat O Dlutiaurs
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DRY-BULB TEMPERATURES AT: OTTAWA INTERNATIONAL AIRPORT MONTH  APRIL
TEMPERATURES DU THERMOMETRE SEC A: AEROPORT INTERNATIONAL D'OTTAWA MOIS AVRIL 16,89
ol 00 | 0t | 02 | 03 | o4 | 05 | 08 | o7 | o8 | 0@ | 10 | 11 [ 12 | 13 | 14 | 458 | 8 | w7 | 18 | W | 20| 2| 22|23
11 01 | o1 |01 |00 |-02 |-02|~01 |-06| OO| Oh| O6| O&| O7| 10| 25| 35| 46| 32| 40| 26| 26| 19| O4| O4
2|-16 |-17 |-26 |-25 |=29 |-31 |-35 |-14| O3 | ©9 | 33| 47| 59| 67| YO| 64| 62| S1| S2| 47| 52| 56| 45| 40
k] ‘36 34 | 22 | 22| 22| 25| M | 33| 36| 44| AB| 49| 53| 56| 57| S5B| SB| 52| 51| 47| 45| 43| 42| 40
4| 38 | 34 | 33 | 33| 31| 30| 30| 30| 30| 32| da| 8| 45| 46| 43| 47| 51| e6B| 68| JO| 64| &9 73| V2
Bl 71 | 63 | 63 | 36| 58| 52| 47| 55| 80| 96 | 108 | 131 | 141 | 128 | 938 | 122( 119 115|102 84| 79| | 67| 53
6| 43 | 37 | 27 | 25| 22| 19| 19| 22| 32| 43| 53| 66| 6B 68| 82| 78| 81| 83| 78| 7Ti| 6B| 63| 56| 47
7| 40 | 36 | 29 | 18 | 18 | 17| 15| 17| 17| 19| 18| 22| 23 |- 39| 46| 44| 45| 41 26| 20| 08| =01| -08 | -11
8|-13 |16 |-16 |-27 |-33 |-28 |-34 |-27|-12| oo | o8| 19| 27| 40| 42| 47| so| 48| 46| 33| 23| 22| o8| -06
9|12 [-15 |-22 |-23 |-29 |-35 |-37|-25| o5 | 22| 41| 53| 65| e8| 71| 60| 78| 74| 50| 3| 16| 04| -06| -18
10023 |-30 |-38 |40 |-50 |46 |-39 |35 |-37|-27|-14| 06| O5| O3| ©5| 12| 24| 26| 24| 16| 06| -08| -12 | -16
11(=17 |=20 [-27 |-26 |-26 |-30 |-35|-33 |-19 |07 | 06| 10| 21| 30| 29| 39| 40| 39| 38| 25| 06| -04| -11|-19
12|20 |-14 |-16 [-29 |-38 |42 [-33 [-23 )| o1 | 21| 26| 46| 49| 62| 71| 72| 2| 73| €S| 60| 57| 57| 47| 33
13 21 | 20 | 15 | 17 | 23 | 28 | 44| A7 | 41| 33| 34| 40| 15| 30| 36| 44| 12| 43| 40| 36| 19| 15| 14| 14
14 03 |-03 (09 [-14 |-15 |-20|-23 |08 | 15| 39| 58| 64| 66| 86| 86| 99| 87| 80| 73| €8 61| 65| €5| 6B
15| 57 | 50 | A7 | 46 | 42 | M| 43| 51 57| 63| 68| 68| 67| 77| 91 |103| 106|101 | 94| BY| V5| | 64| 61
18] 56 | 50 | &3 | &2 | 37 | 36| 37| 41 50| 55| 57| 64| 83| 98| 106|108 | 116|120 113 | B9| V4| 64| 3B | 44
17) 46 | 29 | 20 | 21 | 09 | o7 | 12| 35| 61 99 | 127 | 149 | 151 | 155 | 162 | 156 | 155 | 155 129 | 121 ) 110 100| 95| 73
18 49 | 26 | O6 |06 |=23 |26 |37 |-34 |38 |-32|-20|-02| 15| 36| 49| 60| 67| 68| 59| 46| 40| 20| 11| o©2
W02 |-11 [-11 [-22 |[~18 [-26 |-26 | -16 | O1 3| 52| 62| 5| Bo| 76| B2| 83| 81| TI| 73| 65| 63| 47| 46
20| 37 (28| 24| 14| 07| 02| oo| 15| 28| 49| 62| 82| 88| 92| 99| 110|110| 106)| 101 | 90| 72| 62| 42| 39
21| 23| 29| 09| 23| 12 |-12|-0B| 11| 43| 70| 88| 103| 108| 109 121 | 103 | 101| B4| 65| 43| 28| 16 03| =02
22|08 | -19 | =27 | =30 | -33 | =37 (-35| -30| =32 -20| ~12| -O6| ©0O| 15| 14| 19| 22| 20| 0B| 02 -02| 0B -13| ~15
2| =17 | =20 | ~21 | =24 | =28 | =34 | -34 | ~24 | 06| O8] 1B| 32| 4&| &&| 4&5) 55| 52| 61| 55| 50| 43| 35| 36| 29
24) 17 |05 | 02 |-01 |06 |-06 | -04| 05| 22| 36| 59| 78| 85| 94| 104]| 115| 119| 117| 110| 100| 84| 73| 67| &5
25) s2| 45| 33| 27| 1 15| o8| 16| 27| 39| So| 83| 85| 102| 107| 120 121 124| 127| 114]| 102| 96| 89| 71
28) 54| 57| 53| 49| 36| 26| 29| S7| 68| 98| 99| 115 125| 143 | 146 157 156| 158 148 132| 111 95| B1| &9
27 64 | 57| 53| so| 40| 37| M| 61| 63| 72| 78| 88| 105| 100| 105 109 110 101| 95| 85| 7Fi| 55| 42| 3&
28| 26| 22| 20| 16| 18| 17| 17| 19| 23| 30| 37| 56| e8| 69| 81| 89| 96| 95| 95| e8| V6| 61| S4| 46
20| 35| 25| 23| 13 |-02| O 14| 0| 49| 1| 82| 97| 103 118 127 138 139 139| 137 131 123 | 118 111 | 106
30 95| 79| e8| 76| 74| 72| M| 7| &S| 110 121 141 158 162| 158 | 165| 165| 167| 165) 15k 140| 129| 115 101
n

1 o
2 Hours are LB.T /Loe haures soni § Meurs
3 UnivUnid s 01°C

Ol _EaT — 0l o E 8T
horrnaie B W locel He
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17) 22/ 13) 9 | 9| 15| o | taf 9| 1s| 13| 1s| 13| 1l 76|69 7] 6| 6|0 7
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4 6 7 4 4 4 4 b 7 11) 13| 15] 15| 19} 17| 15| 17| 13| 6 7 1
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18| NW|HNW|NNW|NNW NNV RNW| B MW W] e w C | WNW|WHW|WNW| WSW| W NW| WHW| NW| C | S5W|S5W| S5W| NNW
26| 24| 26| 22| 22| 24| 28] 22| 22| 11| 13 13 13) 11| 13) 15| 18] 11| 1 7 |7 ] s | a7 [0225
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200 Sevies

= Diflerential
Transducer

\pecifications

nre 225010 22910
Pressure ranges siandard: 0.2, 1, 10, 100, 1000 mmHg standard: 0.2, 1, 10, 100, 1000 mmHg
(mmHg Full Scale) options: 0.2, 1,10, 100, 1000 emH,0 oplions: 0.2, 1, 10, 100, 1000 cmH,0
{Other engineering units oplional) 04,0.25.05,5,50.500m14,0 0.,0.25,05.5,50,500mi4,0
Resolution 0.01%FS 001%FS
0.5%FS. 05%FS 03%FS 03%H
Accuracy (non-inearity, (= lemperalure coeflicents) bidrectional or | bidirectionalor | unidirectional
hysleresis and non-repealability} unidirectional | unidirectional only
{Code &) (Code B) (Code C)
“Yemperature .| Zew' - 01%FSAC 03%FSAC | 0.05%FS/C |0.05%FS.AC
cocfficients., | span .., 0.04% ReacingC 0.04% Readng”C
0*lo50°C 010 50°C
* Operating
temperalure vange
Time constant Slandard: <16 msec . Sh_ndm:_tmmscc
i R Oplionat: <500 msec (SPO45-88) ** Ohtional: <500 msec (SP045-68)
Materials Pxside Incone! Incone!
exposed | prege Inconel, Coramic, Forslcrile, Inconel, Ceramie, Forsieric,
— o gascs Palladium, Glass Palladium, Glass
Vil Px side 13cc 13cc
Prside 98¢c 98cc

Overpressure limit

120% ol sensor Full Scale, or 20 psi (140kPa),

WIVCTEVE! 15 Greaie

120 o! sensor Fuli Scalp, or 20 ps: (140 kPa)

R E i G

Line pressure (maximom) 40psig (275kPa) 40psig (275 kPa)
Inpudt required +1110 +30VDC @25mA Twowire 4-20mA @ 24-32VDC, inlo 500 (1
nipple 0.5 Vpeak 1o peak load Bidirectional calibrations (codes A & B)
Outputis 4 mAal negalive Ful Scale 1o 20mAal
0to5VDC |pasilve Fill Scale (4mA = ~FS., 12mA = 047
Output Unidirectional 20mA = +FS.) Unidirectional calirations
(code C): Outpulis 4 mA al zero lo 20 mAal
| positiva Full Scale (4 mA = 08P 20mA = +FS)
RFI Supypression Standard on all Models Standard on all Models
¥1Binch (4.6 mm) tubulalion /16inch (4.6 mm) lubulation
Fittings Snan
Opfional WA NA
Additional Low cost, poworod by commen Two-wire, 4-20 MA
slanlerrd features DC powor Sources DOificrential Transcucer

o
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GENERAL SPECIFICATIONS®

Standard Range Options (% Oxygen Fullscale)

Oto 1,0102.5,0105,010 10;
0105,010 10,010 25,0 to 50;

010 10,010 25,0 10 50, 0 w0 100;
201021, 191021, 16 t0 21, 11 to 21;

99 10 100, 98 10 100, 95 10 100, 90 10 100;
50 to 100, 60 1o 100, 80 1o 100, 90 to 100.

Response Time (90% of Fullscale)
Factory-set for 20 seconds; Adjustable [rom 5 to 25 seconds.

Reproducibility
+0.01% oxygen or £1% of lullscale, whichever is greater.

Ambient Temperature Limils

Maximum: 120°F (49°C) except for 80°F (27°C) for 99% to 100%
1ange.

Minimum: —20°F (—29°C), except 60°F (16"C) for 99% to 100%
range.

Zero Drif*"

*1% fullscale (£2% of fullscale for 99% to 100% range) per 24
hours, provided that ambicnt temperature does nol change by more
than 20 Fahsenheit degree “11.1 Celsius degrees).

£2.5% of fullscale per -4 hours with ambient lemperature
change over entire range.

Span Drifi**

+1% fullscale (£2% of fullscale for 99% to 100% range) per 24
hours, provided Lthat ambient temperature does not change by more
than 20 Fahrenheit degrees (11.1 Celsius degrees).

+2.5% of fullscale per 24 hours with ambient temperature
change over entire range.,

SAMPLE SPECIFICATIONS

Sample Dryness

Sample dewpoint below 110°F (43°C), sample (ree of entrained
liquids.

Sample Temperature Limits

Maximum: 150°F (66°C)

Minimum: 5Q°F (10°C)

Operating Pressure Limits

Maximum: 10 psig (69 kPa gauge pressure)

Minimum: 660 mm Hg absolute (88.1 kPa absolule pressure)
Sample Flow Rate***

Maximum: 500 cc/min

Minimum: 50 cc/min

Recommended: 250 +20 cc/min.
Materials in Contact with Sample Gas

316 Stainless Steel, Glass, Titanium, Pallaney, 7 1. Epoxy Resin,
Viton-AT 1, Platinum, Nickel.

ELECTRICAL SPECIFICATIONS

Supply Voltage and Frequency

120V % 10V, 50/60 Hz

240V % 10V, 50/60 Hz Selectable when ordered

Power Consumption
300 watts maximum.

QOutputs

Standard: Field-selectable voltage output of 0 to 10 mV, 0 to0 100
mV,010 1V, or01to § VDC.

Optir:nll Isolated current output of 4 10 20 mA, Oto 20 mA, or
10 to 50 mA is obtainable through plug-in of appropriate circuit
hoard.

PHYSICAL SPECIFICATIONS

NOTE
Forexplosion-proof version see Beckman Instructions 015-555780.

Case Mounting
Panel mounting (surface or stanchion accessory).

Case Classificarion

General Purpose.

Enclosure meets NEMA-4

Air Purge (optional)

ISA 512.4 or NFPA 496 (1974) Type Z purge. (See Page iii).

ALARMS SPECIFICATIONS
Opiions

High-Low Alarm.

Alarm Contact Ratings

5 amperes, 120 VAC, resistive load
3 amperes, 120 VAC, induclive load
3 amperes, 30 VDC, inductive load
1 ampere, 240 VAC, resistive load

Setpaint
Adjustable from 1% to 100% of fullscale.
Deadband

Adjustable from 1% to 20% of fullscale.
Factory-set to 10% of fullscale. {

OSHA

The Model 755 Oxygen Analyzer (General Purpose Enclosure) has
been designed lo meel the spplicable requirements of the U.S.
Occupational Safety and Health Act (OSHA) of 1970 if installed in
accordance with the requirements of the National Electrical Code
(NEC) of the United States in non-hazardous areas, and operated
and maintained in the recommended manner.

*All p iMeations bated on der output.
LL z-llo and 1pan dril'i specifications based on following conditions: operating

P ambient P c‘hnn.‘ from initiad nhl.nlha
less than 20 Fahsenh (11.1 Celsiusd
from sei Now hald o within :ma or $10 cejmin, whithever Is emalier.

vl

* &% Deviation lrom set Now should be held to within £ 10% or £20ce/min, which-
wverissenaller. U so, uco.ndlnndfiﬂldll be within lpfnﬁ:lunm.yravld&d
that il

t Trademark d Vﬂui.m Nys Co."
1 1 Trademark of E.L du Pont de Nemours & Co.
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SPECIFICATIONS
MODEL 864 MODEL 865
Precision 1% of fullscal 1% of fullscal
Noise 1% of fullscal 1% of fullscale

Zero Drift **

1% of full per 24 hours

1% of fuliscale per 24 hours

_Span Drift **

1% of fullscale per 24 hours

1% of fullscale per 24 hours

Retp Time (El ic)

Variable, 80% in 0 Emnd to 26 sec-
onds, figldsel

Variable, B0% in 0 B-n:onﬁ 10 26 soc-
onds, field-sel

Maximum Sensitivity 500 p/10® fullscsle carbon monoxide BO p/10® fuliscals carbon monoxide
(pressurized cell)
350 p/10® fuliscale carbon dioxIde 10 p/10% fuliscale carbon dioxide
o ized call]

Materlals in Contact with Sample:
Windows

phire, quartz, irtran

pp quertz, irtran

Cells Stainless steel, gold-plated stalnless steel  Stal steel, gold-plated stainless steel
Tubing FEP Tafllon®* . FEP Teflon fgeneral purpose)
316 Stalnless steel fexplosion proof)
Flttings 316 Stainless steel 316 Stainless stesl
O-Rings Viton-A* Viton-A*
Sample Flow Rate Nominal 500 to 1000 cc/min Nominal 600 10 1000 ce/min

Sampls Prassure

MaxIimum 15 psig (101 kPa)
mnphcr presaures tmd' in pressurized
coll ap

Maximum 16 psig (101 kPa)
fhigher pressures used In pressurized

cell applications)

Temperature Range**

30°F 10 120°F (=1°C 10 +48°C)

30°F 10 120°F (=1°C 1o +49°C)

Anslog Output:

Y
\F ic)

01010 mV, 010 100 mV,0to 1V, 0105 VDC (field selectable)

Optlonal {Current)

4 10 20 mA, 10 to 50 mADC (field selectable)

Optional (Linear P i ic)

0to 10 mV, 010 100 mV,0to 1V, 0105 VDC (fisld selectable)

Optional (Linear Current)

4 to 20 mA, 10 to 50 mADC (field selactable)

Powor Regquirements

115 L18V rms 80/60 20.5 Hz
230 watts

11b 216V rms, 60/60 20.5 Hz,
200 watts ge, S00 watts

Enclosure

General purpose for installation in
woather-protected area

184501 = General purpose for installe-
tion in weather-protected area.
194502 — Explosion-proof, Class 1,
Groups B, C, and D, Division 1.

Overall Dimensions

R-11/1R inshee 330 mm) 11
13-1/8 inches (333 mm) W
22-3/8 inches (568 mm) D

aAEnd @ seien L.
naehd 81 S ke 220 i

13-1/8 inches (333 mm} W
27-3/8 inches (686 mm) D
194502 — See Figure 2.3

Instrument Weight

50 pounds {23 kg

184501 — 61 pounds (28 kg)
194502 — 155 pounds (70 kg)

Shipping Weight

65 pounds (29 kgl

194501 - B1 pounds (37 kg)
184502 = 185 pounds (83 kg)

*Trademark of €, |. du Pont da Nemoun & Co
1 i basad on

nead 10 recalibrate.

COMPLIANCES: The general purpose Models 864 and BES are
tional Safety and Health Act of 1970 if |
non-hazardous areas and 1 an

shifts of tess 1hen 20°F (11°C) st s maximum rate of 209F (119C) oar hours, without

d to meet the applicabl i of the O

lled in accord; with the i

The Model BG4 is certificd by Canadian Standards Association {CSA) ss complying with tho applicable standards for

intained in the

of the National Electrical Code (NEC) in

protection against electrical shock and fire hazards in non-hazardous (ordinary) locations.

The air purge accessory !or the Models 864 and BES is designed for application with user-fupplied components to comply with

Nati 'Firl."'

m dous, to nonh

500-1 and 5013 (a),

(NFPA) 496:19741 to reduce the classification within an enclosure from Division 2,
This principle is recognized in the National Electrical Code (NEC)-1981 in articles

Th_u uolwon prooi Model BE5 is approved by Factory Mutual Research {FM) for use in Class | Groups B, C, and D,

and will be deemed “approved” within the mnmng of |_m U.S. Occupational Safety and Hulm

Acl of 10?0 if installed in d with the requi of the Nati | Code (NEC) for such locations and
P d and maintained in the ded A
1Ths d Is not 10 Invalving the of ie samples Into tha snclosurs. Bes DANGER notles on inside

frant cover,
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asy solullon tathe mﬂsl Iftdwldual and
“~demand 9 researcn and industrial appl;capuns

Simplnplug the aprroprlale Imerlace card into'your:

- computer;.connect the Labmate, and run the various
so!lwam packagestna are available,

ranstorm your PC intoa powerlu! data ac msnion and .
conlral staucn Ioda

ase»Unil Fealures i

16,analog Input channels (32 singlb-ended for voltage}
Bullt- [n programmable amplifier gains : 1,10, 100,500 *
2 analc oulpuls {Currenl pr voilagafswilch selectable)
Burgna inputs i




ANALOG INPUTS

> = - 16 mullil &
for voliage only

A/D converier : 12 bil-plus-mgn. dual slope, inlegrating

Conversion rate : Typically. 10 channels per second Worsi caso: 7.5

Measurable signal lypes: Volts — DCorAC  Rosislancr — O

Currenl — mA Fraquency — Hz
"any channel, sny order, any range, lofally
sofiware seleclable

|Note 1] or 32 single-ended

MGITAL OUTIPUTS
Number of guipuls  : 8, TTL compalible

Bil selaclion 1 Read o wrile any bil individually
Logie "0" oulput : +0.5 V maximum
Logle “1" oulput : +2 4V minimum

NELAY QUTPUTS

Number ol relays @ 2

Conlact arrsngement: SPDT

Contac! rating : 1.5 A @ 120 VAC {induclive)
3.0 A @ 120 VAC (resislive)

P i : conlacl lused

Blalusindication  : fronl panel LED's

COMPUTER INTERFACE

Base unit : memory-mapped/dedicaled bus nterlace win
swilch-seleclable address

Inleriace oplions : RS-232C, IBM PC. APPLE I1/11+ /lle, compalibles,
Commodore PET and C64.

SOFTWARE

Oplional are lor 18M PC, APPLE, and Cominodore

compulers. s-nphashcehon ranges lrom BASIC/PASCAL subrouline packages
o lulty aulomated, meny-driven daia colleclion and conirol soliware

GENERAL SPECIFICATIONS

Power requirements : 12-14 VDC input power @ 1.0 A maximum
C i : Screw wilh base uni
Operating temperaiure range: 5°C 1o 40°C

Relalive humidily ; BloB0%

Slorage tlemperature : -30°C 10 60°C

Bizo + lleight Widih Deptis

B0 mm 450 mm 365 mm

2 dnchos 177 inches 14 & nches
Basu unil waght L Akg

DC VOLTAGE
Inputimpedance  : mingle-ended: 5M 0, dillerential 10M 0
Ranges - Gain Full-Scale Raselubon
1 50 V 122 mv
10 05 V 012 mv
100 *50mV 12 uv
500 +10mV 24 gV
Accuracy : 01% + 2 digils
AC VOLTAGE
Ranges . Gan Full-Scale Resolulion
1 1W00Vpp 122 mV AMS
o 10Vp-p 012 mV RAMS
Accuracy D Ve e 2 digils
RESISTANCE
Measurament moges: 2 wan o 1 wite sollwan: seleeialie
3-Wire Ranges 3 Full-Scale Resolution
20000 00510
200000 50
2000000 50 0
Accuracy 0 3% » 2 digis (J-wc)
DC CURRENT
Ranges [Noic 7| Full-Scale Aesolulion
FRETTIY 01 ph
+50mA 120 A
Accuracy 05% ' 2 digils
FREQUENCY
Whaualnrem Tumas o e

s ISShST NS sl iy

Measurement rnethod nu:so penod moasureu wilh binary counters and
compuler clock signal

Trigger-point : Zero-crossing delecior

Ranges : DC o 10000 Mz, 255 ranges, 16-bil counter

Resolution : 4 S per bil on 0 26 sec maximum pericd range |Note 3]

DIGITAL INPUTS

Numberolinpuls . 8 TTL compatible
Conditioning : Inlernal pull-up resisions
Logic "0%vollage : «05008YV
Logic"1"voltage : 20lo50V

COUNTERINPUTS

Number ol counters © 3

Counler size 5 16 bet banary

Counting rate : DC 10 2 MHz, RC lilter dependent
Input signal liftering : Schrmll inggers and RC lilets
ANALOG OUTPUTS

Number of channels: 2

D/A converlers +12-bu, mualliplying

Oulpul types : Vollage or cunrent, swilch seloctabic

Voltage oulpul ¢ minimum load resistance: £ 10V:20000
5V:10000
Curreni oulput i currenl inlernally sourced lrom +12 V supply
Protaction : oulpuls tused and diode clamped
Ranges : Mode Full-Scale Resolution
Unipotar DCV + 5V 120V
+ 10V 244V
Bipolar DCV +25V 12V
t SV 24V
+ 0V 48 pv
Uniputan 1nh 020ma 41 ph
Accuracy D 0%+ 2 digis

NOTLS
1. When ples are

Iwo ol the 16
used by Ihe sysiem (sulo-2e10 and cold-junction compensalion)
2. Higher currents (e gﬂa .20 mA) are measured using precision shunis and

channals are

Ihe DCV lunction: Serew lormingl block ingludas buiil-in shuni solder-pods
1. Spocilcalions basod on | MHz clock lrequency

mupC o i Machinrs as

ot -

MANUFACTURED BY

SCIEMETRIC INSTRUMENTS

27 NONTHSIDE ROAD, NEPEAN, ONTARID K2H 0151
1613) 596-3995
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CIEMETAI

0 GALISIION ANDICORTROL
*COMPRUTERS

EORIPERSONA

Cabinet Version

Single Card Vero o

CPUIMODULEFAND
=

INTELPIGEN

SERIALNINTEREACE:

MODEL:90

MARDW A = KT

CMOS microprocessol

32K EPROM for system
FIRMWARE

A

Up to 24K RAM lor CPU and User

data

* Internal real-time clock
Industry standard RS232C serial

interface
Operates from standard +12
VDC power source

Watchdog limer ensures
reliable operation
Compalible wilh Sciemelric
Models: 81, 161, 321, 641
LABMATE. 323. and 8082A

Modem compalible

SOFTWARE FEATURES

L]

Powerful ASClI-based
intelligent command set

Stand-alone measurement,
averaging and slorage
Automatic amplitier
autozeroing

Automatic thermocouple
compensation

Interrupi driven RS232
communication

APPLICAY ! ;hik:

Process monitoring and
control

Stand-alone data logging
Energy management
Research and Engineering
Product tesling

Laboratory measurement! and
control

51
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FUNCTIONAL DESCRIPTION

The MODEL 9801 is 2 microprocessor-based intelligent intertace lor Sciemetric data
acquisition and control products. The MODEL 901 provides an advanced. casy 1o+
use, soliware command sel to access as many as B measurement and conliol
modules, which are connected (o the 901 using 8 standard Sciemelric dassy-
chained cable. The 901 controls all inpulloulpul luncti ications

ERROR HANDLING

The MODEL 501 includes exlensive error detection and reporiing seliware. Over 30
error messages are delined covering conditions from Signalout of range to Syntax
error. Errors are repotied as either errar or as English error messages,
seleclable by lhe User. It an error is delecled during an aulomalic-hst

command inlerpretation ang execulion, dala scaling and conversion 10
Engineening unils.

Al required soltware is resident in Ihe 801 EPROM. This firmware 15 designed o
keep Ihe User-interlace simple — while mainlaining maximum power and
llexibility for data colleclion and control. The host computer or lerminal
communicales wilh the MODEL 501 Ihvough the RS2X2 port. On-board DIP swilches
allow the User 10 select all serial communication paramelers such as baud rale,
number ol data/stop bils. and the handshake mode.

A user-Iriendly inleraclive mode can be selecled when the 901 is operaled with a
dumb terminal or Irom a personal computer acling as a lerminal (e.g.. using
Crosstalk on an IBM PC).

The batlery-backed real lime clock precisely times all measurement funclions, and
can be read or reset by the User al any lime — providing seconds, minules, hours.
dale. month, year and day-ol-week  The MODEL 901 also conlains a special
walchdog timer circuil — which aulomatically rebools Ihe ceniral processor
should it ever “hang™ and lail 10 execule the operating program.

Reliable fow-level voltage and ther p are
ensured Since the 901 aulomalically measures the aulozero and relerence

values on a petiodic basis. Floating-poinl numerical suppor! handles
amplilier gain compensalion, Ihenmisior lineanizalion and conversion lo °C, and
complete thermocouple cold j ion and h ization — all
transparent 1o the User

POWERFUL COMMANDS

Over 40 commands are defined in the MODEL 901 — supporling measuremenl and
control functions, i d hist pr g. realtime clock access. and
general processed module The ¢ sel was designed lo be as

ohil d as possible. all g even hirsi-time Users fasi ellicient access lo
he inslalled sysiom  Example commands include

ocy OC volts measurement

TCP Thermocouple measurement
Tince Noau 1edi RilE COLK

DIN Digital input status {on/oll)

pouT Sel the state of a digital oulpul
COUNTER Read a digital counter

@SCAN  Start scanming the automalic lis
@DUMP  Dump internal stored data

STAND-ALONE OPERATION

A powerlul aspect ol ihe MODEL 901 1s the abilily lo sland-alone and automatically
execule up 1o B4 ¢ d averages, or mil and
save the resulls in memory — wilhoul a hosi compuler connecled. Stored datacan
be dumped oul the serial port of cleared al any time. The slandard 901 umil has
capacily lor 2000 data samples

Direct commands can also be processed even while the inlernal scan lishis aclive
The 901 will execule the new command and repor! the resulls immediately.

Should the 801 reboot while an i list is ling {by pressing the RESET
bullon or from a walchdog limer hime-oul), the command list and any data
collected so-lar will be preserved — as long as power is maintained. When ihe 501
teboots, aulo-scanning and data averaging will continue from where it lefl off

Also, since the 901 operates from a standard «12 voll power source, lull battery
backup may be achieved lor days or weeks using a slandard 12-voll rechargeable

[~ power-pack.

. Ihe dala value will be ignored. and Ihe error number slored

SIMPLE PROGRAMMING

Virtually any compuler which has an R5232 porl is compatible with the MODEL 901,
and programming is easy when using common compuler languages such as
BASIC. FORTRAN, C. PASCAL, or ASSEMBLER.

As an example wilh BASIC on an IBM PC. Ihe lollowing program opens a lile lo a
serial port (baud rale 9600. no parily, B dala bits. 1 stop bit). sends a command 1o
measure the DC vollage on channel 1, and reads the answer back rom Ihe 801into
Ihe variable VOLTS:

OPEN "COM1:9600.N.8.1" AS w1
PRINT #1, *DCV 1.0"
INPUT w1, VOLTS

PACKAGING

The MODEL 901 is available either as a modular card. or mounted insioe a steel
cabinel  As a single-card producl. Ihe 901 can be inlegraled nlo DEM-1ype
applicalions where a number ol measuremen! and conirol unils will form Ihe
working system. The oplional cabinei for the 901 provides power and RS232
inlcgu: conneclors on the rear panel, and also provides B front-panel sialus
LED!

SPECIFICATIONS
Operating lemperalure  © 0°C — 60°C
Slorage lemperature -30°C — 60°C

Operaling relalive

humidily o B% — B0%
Typical power required 12-14 VDC. 04 A
Maximum power required: 12-14 VOC, 1 A
Size (circuit board. cm) 10.8 = 21.3

Size {cabinel, cm) ¢ A3 =182 244

1BM PC 13 3 regisiered lrademark of Inlernanonal Business Machines Lid
Specilical:ons subject 16 change wilhaul nolice

t
! L .ﬂ! Mamdaciured = Canads by
H [| SCIEMETRIC INSTRUMENTS INC

WSl 27 Novinsioe Aoad, Nepesn. Onisno. Canads K2H 851 (613) 585.3985







54



APPENDIX C

CALCULATION OF COMBUSTION GAS FLOW FROM CO,

(FLOW CURVES USING CO,)

55
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COMBUSTION OF FUEL OIL IN FURNACE

Given:
kgoil = 1-kg define kgoil as 1 kg
kg
C= 0.8642- define Carboné content of fuel
kgoil
kg
H = 0.1331: define Hydrogen content of fuel
kgoil
kg
S = 0.0027: define Sulphur content of fuel
kgoil

1. Compute kg of 02 required per kg of fuel oil

Element x molecular-weight ratio = kg 02 required
32 kg
kgO2forC = C- — kgO2forC = 2.305-
12 kgoil
16 kg
kgO2forH = H- — kgo2forH = 1.065-
2 kgoil
32 kg
kgO2fors = §- — kgo2fors = 0.003-
32 kgoil

kgO2forilkgoil = kgO2forC + kgO2forH + kgoO2forsS

kg

kgO02forlkgoil = 3.372:

kgoil

57
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2.

Compute kg of air required for perfect combustion

kg of Nitrogen associated with required Oxygen

0.768
massratioN202inair =

0.232
kgN2forlkgoil = kgO2forlkgoil-massratioN202inair

kg
kgN2forlkgoil = 11.163-

kgoil

kgairforlkgoil = kgO2forlkgoil + kgN2forikgoil

kg
kgairforlkgoil = 14,535

kgoil

Compute the mass of products of combustion

Fuel constituent + Oxygen =  Product of combustion
kg
kgco2 = C + kgoz2forC kgCco2 = 3.169:
kgoil
kg
kgH20 = H + kgO2forH kgH20 = 1.198:
kgoil
kg
kgS02 = S + kyO2fourS kgsS02 = 0.005-
kgoil

kgfluegasforlkgoil = kgCO2 + kgH20 + kgS02 + kgN2forlkgoil

kg

kgoil

kgfluegasforilkgoil

15.535-



4. Convert flue-gas mass to volume (2 7P

molwtCO2 = 44-kg molwtH20 = 18-kg molwtN2 = 28-kg molwtSO2 & 64 kg

kgmolvolume = 22400- litre molwtAIR = 28.95 kg
kg molecular volume = molecular volume / molecular mass
kgmolvolume litre
kgmolvolCO2 = — kgmolvolCO2 = 509.091-
molwtCo2 kg
kgmelvolume 3 litre
kgmolvolH20 & —— kgmolvolH20 = 1.244-10 -
molwtH20 kg
kgmolvolume litre
kgmolvolS02 & — kgmolvolS02 = 350
molwtS02 kg
kgmolvolume litre
kgmolvolN2 = ——— kgmolvolN2 = 800:
molwtN2 kg

Volume at standard temperature of 20 deg C

= kg molecular volume of product x mass of product

3 litre
volCo2forlkgoil = kgmolvolCO2- kgCO2 volCco2forlkgoil = 1.613-10
kgoil
3 litre
volH20forlkgoil = kgmolvolH20: kgH20 volH20forlkgoil = 1.491-10 -
kgoil
litre
volsO2forlkgoil = kgmolvolS02- kgS02 volSo2forlkgoil = 1.89-k =
goi

volN2forlkgoil = kgmolvolN2- kgN2forlkgoil
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3 litre
volN2forlkgoil = 8.93.10 -
kgoil
volwetfluegas = volCO2forlkgoil + volH20forlkgoil ...
+ volS02forlkgoil + volN2forlkgoil
4 litre
volwetfluegas = 1.204-10 -
kgoil
voldryfluegas = volcCO2forlkgoil ...
+ volSO2forlkgoil + volN2forlkgoil
4 litre
voldryfluegas = 1.0545:10 -
kgoil
5. Compute the CO2 content of the flue gas
volCO2forlkgoil
percentCO2wet := 100- percentCO2wet = 13.403
volwetfluegas
volco2forlkgoil
percentCO2dry := 100- percentCO2dry = 15.298
voldryfluegas
6. compute the air required for i% excess air
i := % excess air
i . kg
totalair := |1 + —|-kgairforlkgoil totalair = 14.535 + 0.145i-
100 kgoil
i . kg
excessair := — kgairforlkgoil excessair = 0.145i-

100 kgoil



7. compute the weight of the products of combustion

totalmass := kgfluegasforlkgoil + excessair totalmass = 15.535 + 0.145i

8. compute the volume of the combustion products and the %C02

kgmolvolume
volwetfluegas xs := volwetfluegas + excessair ——
molwtAIR
4 litre
volwetfluegas_xs = (1.204%10 + 112.461%i) —---—-
kgoil
kgmolvolume
voldryfluegas_xs := voldryfluegas + excessair —————
molwtAIR
4 litre
voldryfluegas xs = (1.0545%10 + 112.46%i) ===-=
kgoil
volCO2forlkgoil
percentCO2wet_xs := 100-
volwetfluegas_xs
volco2forlkgoil
percentCO2dry xs := 100
voldryfluegas_xs
1613
percentCO2dry_xs := 100 ============-- D
(10545 + 112.461i)
FORMULA TO CALCULATE % EXCESS AIR (i) FROM % CO2 DRY: . . .
1434
it= ———-——-=- - 93.97

$ CO2 dry

6l



9. compute combustion gas flow
g kgoil
oilflow := 0.7312- — oilflow = .000732:
sec sec
wetgasflow := volwetfluegas xs-oilflow
from section 8.
4 litre
volwetfluegas xs = 1.2036-10 + 112.4614i-
kgoil
1434 litre
wetgasflow = (12036 + 112.461 * (========= - 93.97)) * .000732 ===——-
% COo2 dry sec
kg
12036-oilflow = 8.8104 - — kg
sec 112.461-0ilflow = 0.0823- —
sec
kg
1434-112.461- oilflow = 118.049 — kg
sec 93.97-112.461-0oilflow = 7.736- —
sec
118.05 litre
wetgasflow = (8.810 + ( ========- = 9:736 )) ewam

% CO2 dry sec



TYPICAL CALCULATION OF WET GAS FLOW IN litres/sec

CO2dry := 8
118.05 litre
wetgasflow := (8.810 + - 7.736] "
Co2dry sec
litre S

wetgasflow = 15.83:

sec
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Flow (I/s)

Flow (Is)

30

20
15
10

FLOW USING CO2 MEASUREMENT

100-mm High-RSI-A
Flow 1416 Fiow 1449
25
; 20
= £ —
T0-mm euiatad chimney connedior | & ™7 730-mm insulated chimney connector
5
e 0 ammzezooomnr Tt T TITIIRTTTS
1 1 3 5 7 98 11 13 15 '5.3'.1‘1 7 9 11 13 15
minutes minutes
Flow 1831
after damper flow
.......... flow before damper
..... dilution flow

100-mm chimney connector

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




Flow (Us)

Flow (/s)

& 8
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FLOW USING CO2 MEASUREMENT
100-mm High-RSI-B
2004

Flow

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

minutes

Flow 2451

25

20

15

10

——ge——— .

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

Flow (Us)

Flow (Vs)

a0
25

15
10

o

- 2418

i
1S —
1

L'

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

------

R

1 3 5 7 98 11 13 15
minutes

after damper flow
......... flow before damper
..... dilution flow
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Flow (Vs)

Flow (Us)

Flow (Vs)

FLOW USING CO2 MEASUREMENT

100-mm A-vent

Flow 3006
A
1
: 175-mm chimney connector
4 1 3 5 7 9 11 13 15
minutes
Flow 3048
A
175-mm chimney connector
4 1 8 & 7 8 11 13 15
minutes
Flow 3453
1p0-mm insulated chimney connector

L]
minutes

Flow (Vs)

Flow (Us)

Flow (/s)

Flow 3046
25 ﬂ
20 :
15 =
10 i i T T T .
175-mm chimney connector
5
ot
Y S, - S e —
4 4 1 3 5 7 8 11 13 15
minutes
3420
a0 Flow
25
20
A
15 [\ . S Lisissiiiiviiiirside T
10 .
1100-mm insulated chimney connector
5 1]
R b s i T i
0 -~
-5 g
3 11 5 7 © 11 13 15
minutes
3835
30 ; Flow
25 r
20 A
N
10
§ 100-mm chimney connector
] SPES T T LU b Sababudhattnd
]

T S L ——— .
34 1 1 3 § 7 8 11 13 15
minutes

after damper flow
--------- flow before damper

dilution flow



Flow (Vs)

Flow (I/s)

25

15
10

FLOW USING CO2 MEASUREMENT
150-mm Type-650 chimney

4009

Flow

3

3

\ /_—'_-
L]

A

Al "tescssspessasssrassssirainsstnsannnnainis
[

I

[

--------
-

..-=~ 175-mm chimney connector

3 4 1 38 5 7 9 11 13 15
minutes

Flow 4422

-

'
100-mm insulated chimney connector

-----------

\\\\

.............

minutes

Flow (/s)

Flow (Vs)
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4042
a0 : Flow
25 i
20 Mf
15 "--.-o:----
10
~<~~ 175-mm chimney connector
/
4 1 3 &5 7 8 11 13 15
minutes
4426
30 Flow
25
E /
10 -
" 100-mm insulated chimney connector
0 ot
)
5 . — —
B TS 5§ 7 98 11 13 15
minutes

after damper flow
flow before damper
dilution flow

-----
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FLOW USING CO2 MEASUREMENT
175-mm A-vent

5013
20 . Flow
20 )
w R P e T
g 15 ........................
E 10 E—
T 175-mm chimney connector
5 +—r —r— P —
4 4 1 3 5 7 8 11 13 15
minutes
5429
30 Flow
25 1
L)
20 :
— ]
n 15 1 e ———————————
3 : TP e
§ 10 :
5 ' 100-mm insulated chimney connector
- T
(] P
[
L
4 4 1 3 7 8 11 13 15

5
minutes

Flow (Us)

20
15
10

- 5039

A "4 % B 7 8 A1 18 18

minutes

—  after damper flow
......... tiow before damper

..... dilution flow



Flow (Vs)

FLOW USING CO2 MEASUREMENT
160-mm masonry chimney

Flow 6014

1

]

[}

L

| 4

A e s

]

-

|

1 8 85 7 9 11 13 18
minutes

Flow (Vs)

30
25
20
15
10

5

0
5
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Flow 6037
i 3 & 7 9 11 13 15
minutes
after damper flow
flow before damper

dilution flow
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APPENDIX D

FAN DEPRESSURIZATION TEST DATA
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[RTA

AIR LEAKAGE ANALYSIS
780-HAL

COPYRIGHT RETROTLEL ENERGY INNIMATIUNG LTD. LOND. ell might

CMHC ARMSTRONG HOUSE
APRIL 11,1988

SO.FT.= 2161 CU.FT.= 10876
TEMP. IN= B8F 0QUT= 41F

RANGE= 28 = no Platle

PRE-TEST #2

HOUSE FLOW FLOW ERROR
(Pa) (Pa) (cimd (%D

bo]% 29 2147 -0.0
43 26 2027 8.7
40 22 1853 ¢ ~B.7
35 18 1717 -0.8
30 10 1542 1.2
25 13 1485 9.9
20 10 1223 1.8
15 7 1013 8.1
i1 S 848 -0.9

TOTAL AREA OF ALL CRACKS AND HOLES
1.60 SO.FT.= 230.76 SQO.IN.

AIR CHANGES/HR, B 58.88 Pa.*  11.85
CORR.» 95,35

$TND. ERROR= 0.9

LBL ELA BdPq, = 0.87 50.FT.

L:R.» 1B.87 50,1N.7180 S0.FT,

Cr 180.18 n= 8.0252

13
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APPENDIX E

CMHC'S PRESSURE VS FLOW MEASUREMENTS (DUCT TEST RIG)
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Armstrong Summary of 25 April Tests
KK 28 2K 5 5K K 2K K K 3K K K K K 3K 0K K Dk kK 3k 3K 3K K K K K K K 3K K K K

Chimney/Flue Pipe Number

——————— i ————— - ——

4 in. highly insulated

1

4 in. mid-insulated 2

4 in. A-vent 3

6 in. 650 (all 6 points) 4
(1st 4 points)

7 in. A-vent S

8 in. masonry 6

Reducer (7"-4") (All points)

(Last 4 pts.)

Enlarger (4"-7")

4 in. Insulated Flue Pipe

4 in. Uninsulated Flue Pipe

7 in. Flue Pipe --Not Possible--

Open Heater End

Furnace Leakage

1

3.45
3.39
2.90

17.0-

14.7
34.6
25.5
9.20
8.85
-2.24
6.02

-78,7
0.3587

0.

0.

o

o O o O o o o o o

580
589

.581
.462
.515
. 399
.463
.481
.507
.702
.551
.534

.536
.750

74

14 June 89

0

0.

o O o o o o

o

R*2

.998
998
. 999
. 987
.999
.981
.999
.989
. 987
.995
.889
.986
.998
.981
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APPENDIX F

PRESSURE AND TEMPERATURE CURVES
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7" single-wall NO DEPRESSURIZATION

4" RSI-3 PIPE:
Temperatures
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: o .
N ;
g v ! .
p g A .
: [ i I
| )
: - o
". ., \ L
3 v\
g X m -
z LU =
i s\ vy |
.... m..- ﬂw s -~
m 5 ,._.., xm It
B XN s
M F
-
Bl L
T
_ .

minutes

-
=
o
.‘/. =
¥
=
sevtii ...Mt
- B
L LL Pttt .an-u
: - =
- -
-~
w
2 L
3
o
m f = [T
a L [
g
S
A s e e e 8 o~ i
e
essvssvnen? p
!0¢.no.-¢-co-¢v-occooo [
H
‘O‘.‘I
- -
LT LT L £ 8 591t .o e e
"
- e -
-
— .
-
[ =
Id
-
b g
T T } ! 5 !
% a - e - o - 2

minutes



9ivl 1S3l

84

4" RSI-3 PIPE: 4" Insulated NO DEPRESSURIZATION

CHIMNEY

Temperatures
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4" single-wall NO DEPRESSURIZATION

4" RSI-3 PIPE:

CHIMNEY

Temperatures
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CHIMNEY: 4" RSI-1.5 PIPE: 7" single-wall NO DEPRESSURIZATION
Temperatures
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1SPe 1S3L

4" Insulated NO DEPRESSURIZATION

Temperatures

RSI-1.5 PIPE
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CHIMNEY: 4" RSI-1.5 PIPE: 4" single-wall NO DEPRESSURIZATION

Temperature (deg C)
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CHIMNEY: 4" A-vent PIPE: 7" single-wall NO DEPRESSURIZATION
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CHIMNEY: 4" A-vent PIPE: 4" insulated NO DEPRESSURIZATION
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4" single-wall NO DEPRESSURIZATION

4" A-vent PIPE:
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SE8E 1531

o - L
asentt e/ : -
K TR i
: i
: i ! | e
: [ i
Ua H i « -
. | \ H
: i i F=
H A A E
> ) /[
H 1 \
* A \ i
% _.. \ I e
£ LN
H i i =
e ! ,.. :
w - 1 § — -~
2] A 1
£ < A m
=] . ! = @ =
- * o v _m y
] m K m 81 ! W.
o ﬂ L -] 2 1 _M M - -
Q 2 Ol Wr i le ﬁ ]
E| § 3 o3 ] L
@ X 31 & 3
= \
-I f \ il
* L |
.n A} -
. e X
e L
. NN - -

22,

300

280
280 —
240 -
20 -
200 —
180 -
160 -
140
120 -
100 -

(0 Bop) aungesadwa

minutes

QT
’I.Il‘!l
. T »
-
PEEEN 3 5 S5 44

4
eassssdte
AL

8

Pressures

T L LA
‘Qs-.-oo-cunc

anggrree”

-W(-

RARE LS
AN

/
7/

Rorrrrancancsonm

a.!nuﬂ.nunuqtth

firds %h\\ﬂﬂ}
..

L eeshessssagoe

P R

AAALT \N |

.e
= (AR §

*trssnsaa

"

800w

h.
7
}

\

minutes



92

7" single-wall NO DEPRESSURIZATION

Temperatures

6" type-650 PIPE:

CHIMNEY
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4" Insulated NO DEPRESSURIZATION

6" type-650 PIPE:

CHIMNEY

Temperatures
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CALCULATIONS OF CHIMNEY RSI VALUES

97



98



a9

Verification of chimney RSI values from field data

RSI-1.5 chimney, not sealed in basement (test 0109)

ri := .050'm ri = inside diameter of chimney
ro := .117'm ro = outside diameter of chimney
L = 8.79'm L = length of chimney flue
to := 18.7-C to = outside temperature
tl := 189.6-C tl = gas temperature at base of chimney
t2 = 172.9-C t2 = gas temperature at top of chimney
te := 255-C te = flue gas temperature at furnace exit
ti := 44.8-C ti = house ambiant temperature
$tl := t1 - to §t1 = temperature difference at base
§t2 := t2 - to §t2 = temperature difference at top
§t1 = 170.9-C §t2 = 154.2-C
St1 - §t2

$tm 1= —— 0 §tm = mean temperature difference

1nr-2] $tm = 162.407:C

§t2

gt := 7056-W gt = total flue gas energy loss

tl - t2
q = gt — q = proportion of total flue gas

te - ti energy lost within the chimney flue

q = 560.586'W

for thermal condution loss through a right circular cylinder

ro
In|—
ri

k 1™ —— k = thermal conductivity
tm
2T L |[—
q
§x := ro - ri §x = thickness of chimney flue
k 1 .
U 1= — RSI := - RSI = 1.26- = m

§x 6] W
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APPENDIX H

MEASURING PRESSURE OSCILLATIONS IN THE ARMSTRONG OIL FURNACE
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1.0 PROBLEM

During the course of the CMHC chimney study at the Armstrong house
in ottawa, IRTA identified chimney static pressures as changing
very rapidly, probably in response to pulsations generated by the
furnace burner.

Static pressures recorded at 1l2-second intervals showed up as
erratic pulsations. IRTA recordings were not rapid enough to
capture the true frequency of the pressure oscillating curves.

2.0 OBJECTIVES OF STUDY
The objectives of this investigation were

- to identify the frequency and amplitude of the pressure
oscillations in the Armstrong oil furnace

- to give some indication as to the cause of the pulsations.

- to evaluate effects on house air quality

Because of the limited scope of this work IRTA was only trying to
identify the cause of the pulsation problem and not solve it.

3.0 NATURE OF PRESSURE OSCILLATIONS (PULSATIONS)
3.1 Background

Combustion oscillations have been identified in oil and gas burners
for a lung time. while their nature iz fairly complex the
combustion oscillations were well understood and all but eliminated
by designs which recognized how these were generated.

The combustion oscillation problem re-surfaced again on many
occasions when new designs evolved without giving adequate
consideration to the causes of the pressure oscillations.

3.2 Cause

Combustion oscillations in oil furnaces seem to be self-excited and
generated by certain operating conditions. The two main causes
for the oscillations are’:

- the pulsing manner in which the fuel is burnt by the oil
burner (in spurts). This gives us an OSCILLATION OF THE FLAME.

Staken from Symposium on Combustion-Driven Oscillations
Design criteria and Models for Preventing Combustion Driven
Oscillations, P.K.Blade (ASHRAE Publication)
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- the variations in pressure in the combustion chamber caused
by the different rates of volume expansion (of the heated air) of
the oscillating flame. This gives us PRESSURE OSCILLATIONS in the
combustion chamber.

JRONICALLY ONE IS CAUSED BY THE OTHER AND IS THE SOURCE OF THE
OTHER OSCILLATIONS. While the flame oscillations cause the
pressure oscillations in the combustion chamber these same flame
oscillations (where fuel is burnt in spurts) are in turn caused by
the pressure variations in the combustion chamber.

The oscillations are largest when both the flame and the pressure
oscillations are in phase. The geometry of the furnace's
combustion chamber, heat exchanger and pipes can also be
responsible for changing the frequency and magnitude of the
vibrations.

Changes in the air-fuel ratio have also shown to influence
combustion oscillations in existing systems.

4.0 APPROACH TO TESTING

Being less familiar with this pulsation phenomenon, IRTA approached
Mr. Skip Hayden at the Canadian Combustion Research Labs (CCRL) for
an insight into the problem. This helped us develop the following
approach to the study.

- the investigation was to include three different types of
burners ... the Armstrong house burner, a second conventional type
burner and a flame retention head burner. Because it was thought
that the nozzle firing rate might be responsible for the
oscillations, each burner would be tested with 3 different nozzle
sizes. This gave us a total of 9 basic tests. IRTA added a few
additional tests to verify combustion chamber pressures during
furnace lightup and whether lean or rich fuel mixtures influenced
the oscillations. Table 1 lists the different tests.

- pressures would be recorded in the combustion chamber. This
would give us the nature of the pressures pulsations at their
source before they become transformed by the combustion chamber and
heat exchanger. Furnace flue collar pressures would also be
recorded for comparison to those at the burner.

- pressures would be recorded at a rate that is 10 times
faster than the frequency of the pulsations. The faster recording
would provide adequate data points for an accurate tracing of the
curves. We were unaware at the time that recording high frequency
pressures would require an entirely new approach.

- carbon monoxide would be monitored in the combustion ghamber
in an attempt to determine whether the combustion process is also
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affected by the furnace pulsations. We questioned the ability of
our instrumentation to detect changes in CO to accompany the
oscillatory nature of the burning rate of the flame.

- for uniformity each burner was adjusted so that its
combustion air was less than .01 § CO in the combustion chamber.

- some ignition tests were done with the combustion chamber
still hot from the previous test. Low and high combustion air
settings were set with the help of a CO meter.

5.0 INSTRUMENTATION

Previously a Sciemetric datalogger recorded pressures at the rate
of 12 readings per second. A Taurus datalogging system was used
for the testing with a program written in BASIC. It was utilized
with a 286 computer in order to obtain faster readings. The
recording speed was increased to 228 data points per second .
Recorded data was stored in Lotus files for analysis.

The 8000 lines available in the Lotus files limited recording time
on each test to 35 seconds (i.e. 228 readings/sec X 35 sec).
Pressure measurements were taken with differential pressure
transducers.

6.0 TEST RESULTS
6.1 Limits of pressure transducers

We performed an entire series of tests to obtain what we thought
was reliable test data. The pressure oscillation curves are shown
at the back of this Appendix H. We questioned our data when its
measured frequencies were lower than those mentioned in the
reference materials of our bibliographical search.

We checked the response time of our pressure transducers only to
discover that they were limited to 16 msec which would limit us to
a maximum of 62 data points per second. This slow response time
of the pressure transducers would prevent the detection of
frequencies above 20 to 30 Hertz. Higher frequencies would be
shown as averaged out to 20 to 30 Hertz.

While data recorded with the pressure transducers could not
determine the frequency of the oscillations it gave accurate
readings of their amplitude.

6.2 Changes to test methodoclogy
To measure the high frequency of the pressure oscillations which

were more in the form of dynamic pressures we used a dynamic
pressure transducer or microphone. The response time of the
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microphone is much faster than the static pressure transducers as
it can pick up very high frequencies.

Measuring pressure oscillations with a microphone meant inserting
it as close as possible to the pressure source, which was the
burner in the combustion chamber. To protect it from the intense
heat it was inserted into the flame inspection port for only a few
seconds. The microphone would be cooled and tests repeated. The
electrical signal from the microphone was amplified and viewed with
an oscilloscope. The pressure oscillating curves on the
oscilloscope screen were photographed for a hard copy which would
be used to determine the curve frequencies.

6.3 Test results

NOTE: 1In the initial test series pressures were measured with the
static pressure transducers and the Taurus datalogging system.

On the additional series where pressure measurements were taken
with a microphone only the Armstrong conventional burner was used,
as the two other burner types were returned to their owners.

a) Frequency of pressure oscillations (Photo 1)

The frequency of the pressure oscillations on the Armstrong
conventional head burner was measured in the range of 125 to 330
Hertz. Superimposed on top of these waves are much smaller
oscillations with a much higher frequency in the range of 4000
Hertz.

Photo 1 shows the pressure oscillating curve on the oscilloscope
screen. The screen's actual width is 10 cm. The oscilloscope
sweep speed was set at 1 ms/cm of travel. The curve's wavelength
was estimated as anywhere between 3 to 8 cm which would give a 3
to 8 ms period. Therefore the frequency would be estimated as
being in the range of 1000 ms/(3 to 8 ms) or 125 to 330 Hertz.

b) Amplitude of pressure oscillations

The microphone and oscilloscope method of measuring frequency
provided no vertical screen reference for measuring the amplitude
of the dynamic pressures. Luckily the previous work with the
static pressure transducers and the Taurus datalogger did. Graphs
showing the results from this study may be found at the end of
Appendix H. THESE CURVES ARE USED ONLY FOR IDENTIFYING THE
AMPLITUDE OF THE OSCILLATIONS AS THEY ARE NOT REPRESENTATIVE OF ITS
FREQUENCY.

Each curve is identified by the type of burner and nozzle which was
used and whether the test was performed at steady state or at
lightup. The amplitude of the static pressures are plotted on the
y-axis and time plotted on the x-axis. The response time of the
pressure transducers were too slow and hence averaged the
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amplitudes off the pressures over a 16 m/s period. This averaging
of the amplitudes over this very short period does not remove any
accuracy from the amplitude measurements.
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i) Conventional head burners

Both the conventional head burners had the largest amplitudes.
They ranged from 25 to 40 Pascals with spikes at times reaching 70
Pascals.

ii) Flame retention head burner

The flame retention head burner had smaller amplitudes ranging from
8 to 20 Pascals. We assume that because the flame retention head
burner mixes the air and the oil spray more efficiently we get less
violent pulsing from the mixed fuel and air packages. The flame
oscillations would be smaller and hence so would the pressure
oscillations. Pressures were also more uniform and did not show
the large pressure spikes of the conventional head burners.

iii) Pressure oscillations on burner start up

Tests done during burner start up did not reveal any noticeable
differences in amplitude with either of the burners.

iv) Pressure oscillations at the furnace flue collar

Pressure oscillations at the furnace flue collar were measured to
be 5 to 10 Pascals lower than those in the combustion chamber.
They were probably dampened by their travel through the heat
exchanger.

6.4 Measuring CO in the combustion chamber

Unfortunately our CO measuring apparatus was unable to detect any
changes in the level of CO in the combustion chamber. Its response
time was probably much too slow.

7.0 CONCLUSIONS AND RECOMMENDATIONS

Large-amplitude high-frequency combustion oscillations in the
Armstrong oil furnace do not cause a severe spillage problems.

Large-amplitudes low-frequency combustion oscillations can cause
spillage of combustion gases through the barometric damper.

While the nature of the pressure oscillations is complex and has
been researched to a great extent we would recommend that any
future work investigate the relationship of the combustion
generated oscillations to the spillage of combustion gas products.
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PRESSURE OSCILLATION CURVES

(PART OF APPENDIX H)
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TEST 3835



temperature (deg. C)

Temperature (deg C)

CHIMNEY: 7" A-vent PIPE: 4" Insulated NO DEPRESSURIZATION

00

Temperatures

280
260
240

\
~

bafors damper

8

minutes

Temperatures

tstessen,,
.

..l.l..ll..l"'t..d'l'.
....0‘0“
v
.
.
'..'tl
.

.
.-.'

after damper

e i e S

o —

-
-

-
-
p—_—
———

FLUESIM 5429

TEST 5429
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