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INTRODUCTION

BACKGROUND AND ISSUES

In the high Arctic enviornment, whiteouts and snow laden winds are a common
occurrence. The purpose of the Iqaluit project is to test the performance of
several air-to-air heat exchangers from different manufacturers under such
conditions.

Air-to-air heat exchangers are not widely accepted in the Arctic because of
the typical low temperature operational problems as well as the problems of
snow ingestion on the fresh air side. Considering that the new units
constructed in the north are of generally tight construction, the apparent
tightness of the building results in high humidity levels and condensation on
cold surfaces, especially windows. The problem is so severe in some cases
that doors freeze to their seals and damage is caused to windows and sills due
to the condensation. The evolution of air-to-air heat exchangers is a direct
result of the improved building skin technology.

The Iqgaluit installation is such an example where the new structure had
moisture problems and very high humidity levels during the first winter. The
heat exchangers were installed in the project during the second year with the
objective of understanding whether the air-to-air exchangers would keep the
humidity levels reasonable regardless of other problems which could be
encountered with respect to snow drifting and frosting.

The Iqaluit projcct is not designed as a clinical lab test of the exchangers.
The intent is to obscrve the HRV’s in an actual operating environment with
emphasis placcd on how the exchanger behaves in relation to the environment
over an extcnded pcriod.
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OBJECTIVES

The objective is stated as follows:

-To evaluate the long term field performance of various air-to-air heat
exchangers in typical housing units above the treeline in high wind and
driven snow over a winter season,
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DESIGN AND INSTALLATION

SYSTEM DESCRIPTION

The Iqaluit project consists of a new four-plex with a common mechanical room
in Iqaluit on an exposed site. This unit was constructed in 1986 and the
experiment has designated the apartments as A, B, C and D. Each of the four-
plex units is identical and the layout of the heat exchangers is addressed

under the next section, Design Specifications. Intake and exhausts for the

units were handled beneath the building and at the leaside walls where
penetration through the crawlspace was impractical. The exchangers in the
units are listed as follows:

Unit A: Life Breath heat recovery ventilator
Unit B: Van-EE heat recovery ventilator
Unit C: Air changer heat recovery ventilator
Unit D: Van-EE heat recovery ventilator

The existing boiler system for the four-plex consists of two boilers

delivering heat via hydronic heating to all units. The only air change to
these units besides natural infiltration are the HRV’s. In order to establish

a relative bench mark for building environment performance per dwelling, we
installed humidity sensors in each unit in order to assess the relative
performance of each unit over time. This approach is not perfect in that
there are the possibilities of life style variations but the relative

humidities over time and the rate of change of such humidity is used to
determine the benefit of the HRV’s.

DESIGN SPECIFICATIONS

The Iqaluit System was installed by a purchase order as a retrofit to an
existing building. Local forces in Iqaluit were used, and the units were air
freighted to the site from the suppliers. Drawing No. 1 of Appendix A
outlines the Iqaluit setup.
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MONITORING PACKAGE AND INSTRUMENTATION

IQALUIT SYSTEM

The monitoring package includes Electronic Measuring Systems (EMS), to convert
various transducer outputs to a digital form on an RS232 Bus, suitable for
manipulation by a computer.

Output from the Electronic Measuring System is delivered to a modem module
with buffer capability. The output is stored on hard disk and archived for
the entire test period.

Software was developed to remotely control the Electronic Measuring System
which is capable of mecasuring all types of transducer outputs. Multipliers
and constants were incorporated into the program output for direct recording
to disks.

To complement the data storage, a data analysis program was developed, which
allows manipulation of the output data in any form desired, including
statistical averages, instantaneous measurements, graphical output by minute,
hour, day, average for month, year, or tabulated data for spreadsheet or
database.

Flexibility in analysis of the output is a key element for this style of
research as trends over specific periods are best viewed in graphical form
initially, with subsequent statistical analysis through spreadsheets or other
methods once the patterns are established.

The Iqaluit system also has stand-alone remote control and communications
capability. This was done because of the high cost of continuous satellite
transmission and the need to back-up the data (in real time) by placing a full
time PC on site with the Electronic Measuring System.

The remote system handlcs all the tasks of data collecting project, and in
addition, monitors the telephoe line for incoming calls. The system is set up
in such a way to allow pass-word access codes to down-load files, look at data
in real time, and to carry out administration and program upgrades on the
system remotely. Files are down-loaded directly from Iqaluit and plotted on
Auto-CAD to verify proper operation and control of the project in a totally
remote context.

A list of the relevant equipment and sensors is included in Appendix No. 8.
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SUMMARY OF DATA COLLECTION

The data collection is summarized in Table 1 for December and January. In
general, it can be said that the HRV’s kept the relative humidity levels in
the units quite low, in spite of the intermittent operation.

The Graphs are collected under the section "Graphs", and form part of the
discussion under Engineering Analysis.
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DATA ANALYSIS AND FINDINGS

METHODOLOGY

The HRV’s were located as shown in Appendix B. Engineering evaluation
consisted of monitoring the units under varying conditions, from December,
1987 to May, 1988. Table I lists variables monitored by unit, cross
referenced to Drawing No. 1 of Appendix A.

This field evaluation will focus on the physical performance of the
ventilation options in moderate and severe Iqaluit conditions. For this
purpose, the months of December, 1987 and January, 1988 were used.

ENERGY REQUIREMENTS

The total sensible energy rate requirements for the ventilation systems were
calculated for each sampling as follows:

W(total)=K*Q(max)*(T(3)-T(1))
where:

W(total)=Watts (sensible) input required

Q(max)=Greater outflow/inflow from/to dwelling, CMS(Cu. Meters/Sec)

T(3)=Average dwelling temperature, Celsius

T(1)=Outside air temperature, Celsius

K=A dimensioned constant to account for the use of mixed units as recorded
and calibrated by the transducers in the ducts.

For the above equation K=1207 Watts/CMS - Degrees Celsius for standard air.

The net sensible dwelling energy input for the four systems were calculated as
the difference between recovered (sensible) heat and subsequent makeup by the
dwelling to the average space temperature for each sampling as follows:

W(inc)=K*[Q(max)*(T(3)-T(1))-Q(s)*(T(2)-T(1))]
where:

w(inc)=Incremental watts (sensible) input required by dwelling

Q(max)=Greater of outflow/inflow to/from dwelling, CMS

Q(s)=Supply flow to unit, CMS

T(1)=Outside air temperature, Celsius

T(2)=Fresh air supply to dwelling, Celsius

T(3)=Average dwelling temperature, Celsius

K=A dimensioned constant to account for the use of the mixed units as recorded
and calibrated by the transducers in the ducts.
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For the above equation, K=1207 Watts/CMS - Degrees Celsius

Heat Recovery Performance

The performance of the HRV’s were evluated in two ways using equations similar

to those derived for laboratory evaluation. These are:

-Sensible Heat-Recovery Efficiency
-Apparent Effectivenss

Sensible Heat-Recovery Efficiency

In laboratory tests, sensible heat recovery is generally used to determine and
compare HRV recovery performance. Sensible Heat Recovery Efficiency takes
into account the total energy that must be added to the dwelling, including
that associated with leakage through the envelope for which there is no heat
recovery. Factors such as casing heat gains and cross leakage contamination
which can be isolated in the lab, could not or were not measured in the field,
and as such, interpretation of field results must take these factors into
account. Second, laboratory tests are conducted under controlled constant
supply and stale exhaust air temperatures and relative humidities. The
temperatures and relative humidities in the field, however, are not constant
and application of the standard performance equations then take into account
this dynamic behaviour in the environment. Thus, caution must be taken when
comparing ficld performance valucs to that mcasurcd in the lab.

The Sensible Heat-Recovery Efficiency is defined as follows:

E = M(s) *(T(3)- T(2))
M(max)*(T(3) - T(1))

where:

E is the Sensible Heat-Recovery Efficiency integrated over time.
M(s) is the supply air mass flow rate

T(3) is the average room temperature

T(2) is the supply air temperature after heat recovery

T(1) is the outside air temperature

M(max) is the greater of inflow or outflow mass flow rates.

The value can also be derived directly from the energy requirement analysis as
follows:

E= (I - (Winc)) *dt
(Wtotal)

Where Winc and Wtotal are defined.



- Apparent Effectiveness
The apparent effectiveness is defined as follows:

The ratio of actual heat transfer to the thermodynamically limited maximum
heat transfer possible in a counter flow unit of infinite transfer area.

This value is generally used to evaluate the heat transfer medium (core) and
predict final delivered temperatures.

As for Sensible Heat-Recovery Efficiency, the value measure in the lab is
under controlled constant interior and exterior conditions. The results
presented in this analysis reflect dynamic conditions, and thus should be
interpreted in this context.

The apparent effectiveness is calculated as each measurement of temperature
and flow are sampled by the system and converted to a watts rate recovery.

The formula used to calculate the effectiveness is as follows:

M(s)*(T1-T2)
E=

M(min)*(T1-T3)

Where E= apparent heat effectiveness,

and:

Tl= Fresh air temperature from outside entering HRV
T2= Fresh air temperature to dwelling leaving HRV,
T3= Stale air temperature from dwelling to HRV

M(s)= Air mass flow rate of supply
M(min)= The lesser of supply or exhaust mass flow rate

Cross Leakage

Cross leakage introduces a practical unknown that exceeds the error introduced
by sensible versus total effectivenss. Application of the above formula may
give an incorrect apparent effectivenss for the unit under such circumstances.
This caution is included as flow measurements were based on the fans supply
(and/or exhaust) flows to/from the dwelling side due to unreliability of the
hall effect flow transducers at low temperatures, and not absolute supply and
exhaust quantities to the outside.

Duct Gains

Duct gains is the energy absorbed by the air flowing in the duct from the
surrounding air. The greater the temperature difference between the inner and
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outer air the greater the rate of energy absorbtion by the colder air. The
impact of these gains would be that the efficiency of the HRV would appear
lower than in actuality.

Flow Volume Corrections

The flow volumes were adjusted for calculation purposes to account for
mass/volume (density) variances at the wide temperature ranges of our recorded
data. To trend the density effect reasonably for the overall experiment so

that standard K (constant density) could be used, the volume flow was
corrected to T(3), the warmer temperature. For example, if measured at the
temperature T(2), the equation would be:

Qmax (T(3) = Qmax(T2) x T(3)/T(2)
where:

Q(T3)= Volume flow corrected to T(3) (near standard)
Q(T2)= Volume flow recorded at T(2), outside temperature
T(3) = Near standard temperature (house side of system)
T(2) = Temperature at which flow volume Q(T2) is measured

Because the above equation is ration based, any unit group may be used, as
long as they are consistent on both sides of the equation.

Comparative Performance

For a final comparative analysis, extrapolation of the calculations and
computer derived output was adjusted to a fixed air change in order to assess
long term operating costs of the alternatives.

For purposes of comparison, the relationship:
W-Hr net/ac/d = (W*Vol/Mah)/(Tda - Toa)
where:

W-Hr net/ac/d = net Watt-hours/air change added by dweliing based on
temperature difference between Toa and Tda

W = Watt average net input by dwelling system for the air change

Vol = Mass of dwelling air volume

Tda = Average dwelling temperature for the air change

Toa = Average outside temperature for the air change

Mah = Average mass of air/hr brought into dwelling for the air change
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All of the formula calculations were handled by the computer as part of a
global iteration process on the databases. The nth iterative delta-time was
calculated as an average lapse of all the sensors measured (for the equation)
since the n-1 iteration. This appraoch worked well for the warmer outside
temperatures (above -10C), but is less accurate for the lower temperatures as
the HRV’s cycled at a defrost frequency that was of a lower order than the
sampling time for the system to collect all the variables. Graphs 3, 4, 7,

and 8 of HRYV activity point out the problem. Therefore, the efficiencies as
iterated for the lower temperatures may be less reliable than those calculated
for the warmer outside air temperatures (above -10C).

ENGINEERING PERFORMANCE

The data summary of Table 1 is included for the months of December and
January, which were considered representative of Iqaluit winter conditions.
Each sensor and channel is listed for cross reference purposes to Drawing 1 of
Appendix A. The data is based on collection done over the period in question.

Graph 1 displays the apparent effectiveness of each unit for December and
January. It should be noted that the apparent effectivesness is calculated by

the computer over the period under all operating conditions including ice

build up, loss of flow through snow ingestion on the fresh air side or very

low operating volumes and back flow conditions resulting from high winds.
Graphs 2 and 3 indicate the mean supply temperature to each unit by day for
December and January respectively. As can be seen, the units indicate a

supply temperature varied considerably after mid December when the units were
run at either low velocity or were shut off until January 11th, where all

units were operating through to the end of January, with the exception of the
Air Changer and Life Breath units, which were stopped after January 25th.

Both the Life Breath and Air Changer averaged the higher apparent
effectiveness over the two months as compared to the Van-EE units. The Van-EE
units had sidwall fresh air intakes versus the below soffit intakes of the Air
Changer and Life Breath Units, which performed better from a snow ingestion
point of view, The Van-EE unit in Unit B did not perform it’s defrost cycle

as well as in Unit D.

Graph | also displays the mean relative humidities by unit for December and
January. All units appeared to have low relative humidities during the
January period with only Unit B displaying an average relative humidity of 30%
in December. This unit was off for the latter part of December and the
relative humidity reflects that fact. In all cases, the HRV’s were able to
maintain very low relative humidities even with the varying volume states of
operation and the shutting of f of the units. In conjunction with the unit
operation were the icing up of the units on the exhaust sides below -20
Degrees Celsius, and the problem of solid snow blockage of the fresh air
filters and intake side of the system. Graphs 4 and 5 show the day by day
relative humidity fluctuation by unit. It should be noted that each of these
units at high volumes were capable at producing 0.8 air changes per hour at
maximum setting and running continuously.
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The units used for this experiment suffered the previous year from excess
humidity levels and it is clear that the HRV’s are capable of controlling such
humidity levels in spite of the problems of frosting and snow ingestion.

Energy Requirements

The energy requirements of these units are based on watt hours per air change
per degree. For the Iqaluit project, these values were interpolated from mean
operating conditions of the units and extrapolated defrost cycles. Due to the
fact that the operation was not coninuous, it was necessary to evaluate the
data in this way. The Van-EE units were calculated to use 34 and 27 watt
hours per air change per degree against the Life Breath, which appeared to use
22 watt hours per air change per degree.

To glimpse a compiled operation comparison of the units, we have included
Graphs 6, 7, 8 and 9 for each of the units. The graphs have been deliberately
split low/high for a comparison of opcration undcr diffcrent outside air
conditions. Recognize that this is a compiled chart and that the frequencies
are not as rapid as those which occur in real time. For a real time view of
such cycling, the Northern Ventilation Project Data Collection Report of
Yellowknife should read.

CONSTRUCTABLILITY

All of the units involved in the Iqaluit project proved to be straightforward
to install. Considering that a retrofit was required to accommodate the
units, we see no problem in including such units technically in typical
housing as constructed above grade in the Arctic. All installation were
carried out by local forces, and there were no problems encountered in the
retrofit.

COST ANALYSIS

The cost to install the air-to-air heat exchangers did not vary.significantly
from manufacturer to manufacturer. Considering the logistical components
required to construct in Iqaluit, the installation price per unit was
$2,300.00 based on typical trades prices one finds in Iqaluit.

RELIABILITY

Units performed reasonably up to -15 Degrees Celsius. At this point, the
units spent more time in defrost cycles.

During a two day blizzard whiteout in Iqaluit, the wall mounted intakes were
blocked on the fresh air side of the exchanger. THese HRV’s were not able to
defrost themselves and were blocked three days after the storm (see photos of
typical blockage). The intakes for the units located on the under side of the
building worked better and were not observed to have been fully blocked.
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The reliability of the units in a whiteout environment where entralned snow is
highly concentrated is a problem.

MARKET ANALYSIS

The final value of the air-to-air heat exchanger tested in the eastern Arctic
with respect to marketability is not a simple one to answer. While it is
apparent that the units kept the humidity low in each apartment, (regardless
of the brand) the problem of blocked intakes is of concern.

The HRV’s did keep the environment acceptable in units that had a previously
poor history of condensation. Considering the low level of maintenance in
many communities, it is doubtful whether people would operate the units on the
proper speeds using the proper adjustments for seasonal consideration. Such

an approach requires enthusiasm and dedication. In addition, the frost and
defrost cycle lowers the efficiency of the units at the lower temperatures
encountered, although the units still managed to carry out the role of
dehumidification for the unit (see Graphs 6 through 9).

For problems in the eastern Arctic which relate to condensation and tight
buildings, the unit HRV’s have a marketability subject to further research on
intakes which can act as self purging filters or particle separators. To
demonstrate the wind blown snow considerations, we have included some
photographs of Iqaluit.

OTHER RELEVANT FINDINGS

It was noted throughout the sampling period that the occupants of this
particular four-plex continually opened their windows. This may have been a
carry over from their previous year’s experience with condensation. On the
other hand, all tenants complainted at one point or another that the units

were nosiy and drafty, and requested that they be shut off. In many cases we
tried reducing volumes, but the correlation was not definitive between volumes
and complaints.

With the units shut down, there were no real short term differences in the
relative humidity averages over time. This was somewhat puzzling and invites
further investigation. The building and furnishigs have a certain capacitance
to absorb moisture once the relative humidity has been forced low.

One element identified (the open window syndrome) was no doublt a contributing
factor, while other potential explanations come to mind:

We investigated other projects where condensation occurred during the first
year of construction and in subsequent years did not reoccur. Investigation
revealted that the wood fram building components tended to dry and shrink
somewaht thereby "lossening up" the structure for subsequent years. In such
cases, there had been recommendations to install air-to-air heat exchanger
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during that first living cycle. Whe this did not occur, the problem appears
to have receded (from the occupants point of view).

There may be a correlation between new construction, moist drywall mud, green
lumber and tight building which results in high humidity in the first part of
the life cycle. If the structure does loosen up over time, then the required

0.3 to 0.5 air changes may come about naturally. In the Arctic context, it
appears that high wind chill factors, cold temperatures and $stack effect
contribute to increased air changes. As wll, the dryer climate may contribute
over time to the loosening of the structure.

In the case of units which have high condensation levels in winter, coupled
with the higher humidities of southern summer, the structure may not be
capable of drying out on its own. However, once the process has comenced in
the winter season, it may be self starting from a natural cycle point of view.
As the data shows for Iqaluit, there is no real difference in the humidity
levels in the environment over time regardless of the flow rates or cycling of
the heat exchanger, or whether the units are off or on.
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RECOMMENDATIONS AND CONCLUSIONS

RECOMMENDATIONS

1.

It is recommended that a competent research agency address the problem of
self cleaning partical separators for the intakes to air-to-air heat

exchanger if they are to be used in an eastern Arctic environment.

It is recommended that a season by season alternate study be carried out

on the Iqaluit four-plex to assess the long term effects of mechanical
HRV’s versus infiltration in buildings as they age. Since Iqaluit is
operational, it would be possible to continue that operation for minor

costs given that there are no equipment failures which would result in
logistical trips to the site.

It is recommended that research be done into the aging of wood dwellings
from a tightness point of view.

CONCLUSIONS

It is concluded that all HRV"s currently manufactured and tested under this

‘project deteriorate in performance beyond -20 Degrees Celsius.

It is concluded that work must be done on the fresh air intakes of HRV’s to be
used in the eastern Arctic to separate snow particles in a self cleaning
fashion if the units are to be widely applied in a consumer market.

It is concluded that HRV’s in a high Arctic environment do reduce the levels
of relative humidity in dwellings, regardless of the operational problems.
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TABLE 1






LT Dotel og Sumsmery faeint

Usit Ch. Sescription __Penta $ Hinistom M vm Aversge © Recerds

11 0AT 7 T2 -3073 -Wes ‘2N 1.692

Jon T2 -36 16 =-15.06 -20.30 2,025

A 1 Life Dreath (reeh alr eutside Jon Tal =322 153 ~242 2013

Owc TAY -2337 -8 36 -172¢ 1.700

2 Ltfe Dreeth ¢lale sir svieide Jon Ta2 G ad 2495 1575 201

Oec Ta2 964 242% 16 39 1,705

3 Life Orveth stele air house Jan TA3 1903 2085 2045 2021
Owe TAS 1903 2962 2396 1705 '

4 Life Orveth (resh eir howse Owe Tad nss 2262 18092 1.70%

Jon TAd 144 2362 1564 2,022

S Life Orweth freeh (low house Owc AVA1 123 10 w3 1.706

Jon AVAL w 10 "w 2022

6 Li7e breeth steke (low hoase Jon AVA2 [} 093 (1] 2020

Oec AVA2 072 093 (2.} 1,71

0  Living reem temg Oec TAS 2303 3123 267 [ RA]

Jon TaS 23.12 2903 2691 2026

9 Living room RH Owe HAY "o S1? 2% ARAL)

Jon HAY 1] 49 1095 2026

] 16 VenkE frech air sutside Jeon ol -36 16 403 -26 11 2009

Veor€E frech {or outside Oec ol -2707 413 -1770 1609

17 VentE stele air eutside Oec 102 -2463 217 ~964 1,606

Oec 102 -2496 2104 -1006 2.004

10  Venit stele eir howse Jon To3 -207 2304 1683 203

Oec Tos -$97 2605 V027 1.701

19  VWnEE fresh alr house Dec T84 -1645 249% 14 1,702

Jon T84 1493 2404 360 1,702

VenkE fresh oir sutside Jon AVO! 113 1ns 103 2014

Oec AVD1 107 195 75 v.70n

Living reom RH Dec (2] 1060 It 2782 1699

Jon (Al 9 3079 101 2010

VanER stale eir house Jon AVD2 006 150 105 2008

Owc AVD2 079 "7 118 16909

21 VenéE Living reom temp Dec 03 2433 210% 2397 1699

Jon 85 206 2695 2509 2,98

31 VenEE fresh llow sulside (Fom) Jon Fol 7 1.190 61 a4z

Oec Fot o 103 302 1.a01

c 32 Air Chenger (rech sulside Jon TC1 -322% -1236 -23170 2,003

Dec I -2453 =375 -1612 1693

Alr Chenger stale outside Oec TC?2 a13 2335 1257 1700

Qe TC?2 112 2204 212 2009

Alr Chenger stale house Jon TC3 2283 29 12 2607 2010

Dec TC3 2012 2925 2526 1,700

Alr Chenger fresh a(r house Oec TC4 173 2902 1978 1700

Jon TC4 383 o X » 178 2.009

Alr Chonger (resh (low oulside Jon AVC1 19 10 179 2.009

Dec AVC1H 136 10 m 1,699

37 Alr Chenger stale air house Oec AVC2 075 095 003 1,697

Jan AVT2 07s o ne 2009

40 Living ores temp Jon TCS 2434 3363 27138 2.007

Oec TS 2295 2939 2675 1,695

4} Living eree RH Oec Y 69 (13} 1413 1695

Jon W1 109 349 170 2007

0 & VenkE (ruch oir oulside Jon ol =36.16 463 -236% 2,001

Oec ™1 -20.15 1305 -1607 1,685

49 VonkE slele oir oulside Oec 02 -2305 2195 ~002 1.01

Jon 02 -2396 1812 113 1.994

VenkE slale air hovse Jon 03 -13| 2303 1066 2.003

Oec T03 -1006 X -] $ 66 1.693

S1  VenEE fresh eir house Oec TD4 062 2625 1nat 1693

Oec 704 =147 26 95 061 2 006

S2 VankE Tresh flow outside Oec AVD1 to7 [X.}] "9 1692

Jon AVDY 126 'es 164 24705

S3  VenEE stale flow house Jon AVD2 076 m " 2004

Oec AVD2 073 1€6 L] 1604

36 tiving erve tamp Dec T03 2403 3res 2747 1,693

Jon s 2405 3005 27 2,001

ST Living eree RH Oec [} 9 296 |} ire 1693

Jn (1)) Qe n 1404 2001

Totet 135224

3/70/60 Table 9
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Honeywell

. Humidity Sensor
- Humidity-Temperature Sensor

APPLICATION

The H7506A Is a capacitance type relative humidity space sensor
for control and Indication of relative humidity In commercial

or Industrial Installations. )

The H7506A humidity sensor mounted In a duct sampling
chamber 14002362001 can be used for duct humidity sensing,
l.e. as high limit control. :

The H7508A Humidity-Temperature sensor combines a
capacitance type relative humidity sensor and a Balco 500 Ohm
temperature sensor for outside air sensing, both mounted In one
case. The sensors are shielded by a perforated, wrap-around
cover for maximum alir circulation and protection from physical
damage.

These sensors must be used In conjunction with suitable
electronic controllers (l.e. MicroniK 100 or Excel), and automation
systems, The temperature compensation feature, built Into the
humidity sensors, maintains the sensor accuracy through the
ambient temperature range.

SPECIFICATIONS

Power supply 124 Volts : :gz: 50/60 Hz
Power consumption : 400 mW

Sensing element : Capacitance element
Sensing range : 10...90% RH

Output signal :0...1 V/0...100% RH

Sensitivity :10 mVI% RH
Accuracy :+1% RH
Temperature coeflicient :<0.2%IK
Response time : <3 min.
Ambient temperature :0...50°C
Storage temperature :=—20...+80°C
Relative humidity :5...95% RH

Sensors are calibrated at 21°C

WIRING
From sensor | Type of wire Length max.
to... up to 100 m | up to 150 m

Comfort Cohttol Systems

H7506A/H7508A

. Spetlfications

- T’
P’

L Al v ayyest |
R vy

‘L

4
b 7P

H7506A

18 AWG I 14 AWG

Controller | Local standard

ORDERING INFORMATION

1) Space humidity sensor H7506A
2) Duct humidity sensor H7506A
¢ + 14002362001
J) Outside air humidity-temperature

sensor H7508A
12/82
R.F.T.

Hnrnavweall 740 Ellesmere Road. Scarborouah, Ontario M1P 2v8. Offices across Canads.

NOTE

The relative humidity sensors should not be used In an
atmosphere containing kelones.

MLF 11.G.2.

Form Number 9 5 C '1_0 274
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SERIES 600 DIFFERENTIAL PRESS!

SERIES 600 TRANSMITTER MODELS & RANG

Spancanbe adjusied toany range belween minimums
and maximums lisled above.

How to Order: Sce price list, Bulletin S-24
EESSSTees————————— .

MODEL RANGES IN INCHES OF
NUMBER | AS STOCKED | MIN.RANGE
§02-0 0- 025 0020
602-1 0- 0.50 0- 040 |
602-2 0 20 0- 1.1
602-3 0- 5.0 0- 5.0
6024 0-15.0 0-13.0 |
i
|
RANGE IN PS!
602-5 | o0-20 | o020

~— ' -

) mA Strain Gage Transmitter

PERFORMANCE AT ‘
ROOM TEMPERATURE
sindles Tero Outprt- 4mA
S panes Foll Scale Span; 16 mA
Static Acewacy: «2% Span
o iBle | Seand Zem: Adwslable to 0 05
15 VOC | Repeatadility: 0 5% Sepan
oy Resolution: ivetrsmg
AL Jord
124 at 30 mA)
Y ohms 15
towarg)
1720onmsat 30
. o
PUC M w STANDARD ACCESSORIES
L qnreing) -5 cable assembly 0
nutes | - Span and zero adjusimem ool
Y (min) - Mounting hardwars kH Including screws and
A (max ) washers plus two sach Wbing sdapters ond
pipe Plugs
b ot
*J pntenfiom-
r1renally
‘Nle
‘T NP tema'r =
TTTS
———— E INTERNAL VOLTAGE SUPPLY
=\ +15vDC
| 204 DC OR
[ o [ 1A, } 0
- L: 5 POWER lNF’lﬂ.1 10 26 VAC)j
—— 4 CURRENT SOURCING CONTROL
1 TERMINAL
{0 CURRENT SINKING CONTROL
TERMINAL 4-20 mA LIMITED

AT 30mA

—

*™" Digntal Readout

Light emitting diode display reads

- required engineering units to 1999 :

currentloop input. Provides opera!i
to the Series 600 Transmitter.

The A-701 Digital Readout provides locai ¢
of pressures monitored by the Series 600 .
standard unit is supplied toread 0-100.0 to i
age of transmitter pressure range. Hov:
also be field adjusted to read out in the iu:,
ing units specified for your application v’

decimal point locations (1.999, 19.99, 199.¢

22 VAC,180 maoutputisprovided for ope:
600 Transmitter, this device and the trans::
complete digital pressure indicating syst=»
include automatic polarity and over ran
high LED digits, + 0.5% accuracy, and ..
all necessary hardware supplied. O or:
VAC (x£15%) line voltage with all el.. .
made by means of a 30 pin edge connecto-
A-701. Draws only 3.5 watt and weighs !

=
)
)
U

3.875




EDRA 5 Electronic Direct Reading Anemometer . .

Description
The EDRA 5 Is an eleclronic insirument
which provides direcl readout of air
velocily. Models are available in eilher
analogue lorm, equipped wilh a high
qualily taul-band moving coil meter, o
wilh digilal readoul (melric only)
fealuring a low power consumplion
fiquid cryslal display.
The 100 mm (4 in) diameler rolating
vane measuring head is supplied with
a handle and exiension rods for use
where access is limiled. The instrument
is powered by rechargeable balteries
bul can also be operated Irom the
mains supply.
The eleclronic outpul sockel gives
0-1 mA forced current on each velocily
range. This lacilily may be used lor a
variely of purposes$ such as recorder-
driving. remole display via a duplicale
teadoul, alarm lriggering o lo iniliale
conlrol lunclions
EDRA 5 is buill into a subslanlial
aluminium case wilh welded seams
which provides slorage space for lhe
accessories supplied with the
Instrurnent A soll carrying case is
also available.

Applicalions

The EDRA 5is primarily designed lor
measuremenl ol velocily al supply

and exlracl grilles in air condilioning
systems and is used Ihroughoul Ihe

H & Vindusiry lor proporlional syslem
balancing. Ilis also suilable for
permanent moniloring and in this
applicalion the rechargeable ballety
will aulomailically funclion as a slandby
power supply inthe eventol mains
power lailure. The low velocily model is
patlicularly suilable for use i lume
cupbga(ds and 1atninar llow cabinets.

Operation
Full operaling insiruclions are provided
wilh each inslrument.

Accuracy and Callbration

Normal accuracy is shown in the lable.
Where highar accuiacy is requiied,
Aillow ofler a cerlificd calibintion
service lor individual inslrumenls Itis
good praclice lo relurn the insliumenl
lo Airllow lor a calibralion check al
leas! once a year and also if it has been
accidenlally mishandled Airllow
operale aninsirument hire service lor
the convenience of U K.cuslomers
having equipmenlrepaired or
rgcalibrated. .

Speclfication

1

Parameter

Edra Five & Edra Five LV

Edre Five Digltal

McasunngHange

EdiaS 025 5ms (50 KU Winun)
3 5:25mis (200 S040 tiinin)
Edra SLV: 0 251 mv§ {50200 li7ynin)
0 7.5 mss (150 1000 114min)

02530ms

{E sreerinn Hig veincit 'L
@y ¢ avse damags 1o
renyniali) hoad)

Accinrany A 20°C

Cattneied lobelterihan £ 1% 1 SO

Cantwalrd In beter

and AN mhar han £ 15% FSD
Onerating Baromelic pressure 500 tibar 1o 2 bar | SO0 mbar lo 2 bar
Enmonmany Temperalwe =10"C 1o +50°C -5"10 450°C
{tnchicator Unit)
QOperating Barornetiic pressuie 500 mbar lo 2 bar | As Edra Five
Environment Tempeture ~10°C 10 4+ 70°C {shorl
(Measunng Vead) procds o -30°C)
Power Supply Mg Hominal 110-240VA phase! As Edia Five
50 GO 142 Power consumption appiox.
J walts Fuserating. 3A *
Natiery Rechargeable nickel-cadmium
lype 15 his pperation per chaige
Readout Taul-hand moving coit melet Liqued crysial display
1 mAFSO. Scale th: 125mm DOigil height 17 7 mm
'%zlmc pesod approx
Recorder output 0 1 mA on eachrange 0-1 mA Load Sk ohm
{ oard Sk ohm maxmum maximtum
Standard 1 Mans cable As EdraFive
Accessories 2 Sciew-in handle for head.
3 Set ol 5 exiension rods o
moeasuing head 5 x 169 mm long.
4 Plug lor recorder oulpul socket
Ophenat 1 Arffjusiable shoulderneck stiap AsEdiaFive
Accessones 2 VteadAndicaor exiension cables
fdax fengih 100 meties
3 An angle swivel brackel lor head/
erlension 1od joind.
4 Canying case
Overalt Dmensions 220 mm x 130 mm x 210mm As EdraFive
Tolal WWeight with 25kg = - As Edria Five
slandard accessories
The ¥y P v oW ETO A ( Po B¢ e A ha s hean mede ' P oway

e
CAard Dena g, Er 3 Sws TS W b o ¢ PO

tea 1030 “:

- oot ihr-«;d—nﬁpvaﬁwc Nwew

hea ool 08

W 0 OTP Pv BN eer c-..«-vn»-'n-vm--u---

Bojete mo

NREEOVY

AIRFLOW DEVELOPMENTS LIMITED

Lancasler Road, High Wycombe

Buckinghaimshire HP 12 30P England

Telephone High Wycombe (0494) 25252/443821

Telex 83288




ANALOG INPUTS

Number of channels : 64 mullitunction®/dillerential [Nole 1)
A/D converler ¢ 12 bit-plus-sign. dual slope, integraling
Conversion rate : Typically: 10 channels per second Wors! case: 7.5
Measurable signal types : Volts — OC Resislance — 0
e Y Current — mA Frequency — Hz
=i BE : ‘any chennel, eny order, eny range, totelly
i & : . software selecteble
BC VOLTAGE i
Channel types : All channels fully diflezenlia! Single-ended

. | moaswemonis made by connecting channel Low

input to analog common.

<.

. thput impedance " : single-ended: 5 MQ, dillerential: 10 MQ

Ranges (buiit-in) 3 Gain Full-Scale Resolution
1 + 4.096 V 1.0mVv
10 +0.4096 V 0.1 mv
100 +4096 mV 10 uV
500 £8.192 mV 2.0V
Accuracy : 0.1% + 2digits
RESISTANCE
Measurement mode ; 3-wire for single channe! measurements
4-wire using 2 channels
Ranges 3 Full-Scale Resolution
200 1 004810
20000 N1 48 0
200000 0 48 o
Accuracy : 0.3% + 2 digils
DC CURRENT
Ranges {Note 2] Full-Scale Resolution
0409 mA 04 pA
4.096 mA 1.0 A
Accurscy : 0.5% + 2digils
FREQUENCY
Wavelorm Types : any shape, Inlernal amplicalion and squaring

Measurement method : pulse-period measured with binary counters and
computer clock signal

*.Trigger-point : Zero-crossing detector
Ranges : DC 1o 10000 Hz, 255 ranges. 16-bil counter
Resolution + 4 uS per bit on 0.26 sec maximum period range
[Note 3}
DIGITAL INPUTS
Number of Inputs : 16, TTL compatlible
Conditioning : Internal pull-up resislors
Logic “0" voltage : 051008V
Logic "1" vollage : 201050V

DIRECTLY COMPATIBLE SENSORS

. ® Thermocouples, typesE. T. J. K, R, S
e IC lemperalure sensors (ADS90, MTS102, LM3Y1 1, LM135)

Displacement ransducers

Pyranometers

Anemometers

Hall effect transducers

Thermistors

Pressure s0nsoIs

Humidity sensors

Liquid flow meters

KWH meters

e Liguid leve! sensors

COMPUTER INTERFACE

Base unit : memory-mapped/dedicaled bus inlerlace with
swilch-setectable address

: Optional computer inlerlace cards available
for IBM PC, APPLE Il + fle. and Commodore
PET/C64/C128. Card installs in any slot and con-

) necls (o unil via intertace cable Multiple EMS units

may be connecled 0 a single interlace card

Interface Cards

Serial Interface : Optional RS-232C interface card can be installed
inlernal to EMS unil for operation with most
common compulers

CPU Card : Optional CPU card available with on-boatd mogram

EPROM, CMOS RAM, batlery-backed rea!hme
clock, serial interface port and buitl-in operanng
system software lor stand-alone applicalions

SOFTWARE

Oplional soltware packages are available for the IBM PC (MS-DOS), APPLE
i + Me, Commodore 64/1 28/PET. and other compulers.

Sophistication sanges from Leve! 1 soltware, a complele library of Model 641
subroulines lo fuily automaled, menu-driven dala acquisilion packages.

GENERAL SPECIFICATIONS

Power requirements : 12-14 VDC input power @ 0.5A maximum
Connection method : Screw terminals included with base unit
Operaling temperatuwre range: 5°C to 40°C
RAclalive humidity :81080%
Storage lemperature : -30°C to 60°C
Size - ' Height Width Depth

¥ 60mm 450 mm 365 mm

2.4 Inches 17.7 inches  14.4 inches

Base unit weight :3.5kg

I :a':ﬁ'i'\'-w

Noles

1. When thermocouples are measured, one of the 32 analog charmels ls
used by the system for soltware auto-zeroing and cold junction
compensalion

2. Higher currents (e.g. 4..20 mA) ase measured using precision shunts and
the DCV funclion

3. Specifications based on 1 MHz clock frequency.

T BMPC s regeloned | % of Infenei orel Business Mechnws SN Caredls § (SIS CONGIW B B =
regueed B
APFLE » 0 regul of Apple ( nc
C PET o0 C 004 wo 10D ol G ob e

SpecdCalons atysc! 10 Changs efifas notce

MANUI ACTURED BY

SCIEMETRIC INSTRUMENTS INC

P O BOX 1048 MANOTICK, ONTARIO, CANADA, KOA 2NO
(613) 692-3506




: . AND CONTROL

11

- . | HARDWARE PRODUCTS
. FOR DATA ACQUISITION .

SCIEMETRIC - TS .
INSTRUMENTS INTERFACES

P B TR

IBM PC* INTERFACE : SERIES 801 ‘
Interface card for connecting up to four
ééé model B8082A's or up to sixteen (lgé
848's (or combinations) to_the IBM
or compatible compyters. Multiple units

connected, to the interface card via
daisy-chained cable.

* Uses any full length PC slot

* Switches select memory vs. port address
and location . .

* Single slot supports multlgle units

* Complete documentation included

* 2 m connecting cable included

* Trademark of IBM Ltd.

—~ . o <
ey e X A -
h .

1

— e LR g -

APPLE™ INTERFACE: SERIES 70lBl

Interface card for connecting up to eiaht
(8)- model BOB2A's or up to thir g—two (32)
PDC 848's (or combinations) to APPLE com-
patible computers.  Multiple units con-
nected ¢o _ the  interface <card \via
daisy-chained cable.

APPLE 11, 11+, Ile, compatibles
Uses any APPLE slot

Switch selectable card address |
Single slot supports multiple units
Complete documentation included

2 m connecting cable included

* % %% %%

“* Prademark of Apple Computers, Inc.

e £ i
COMMODORE PET  INTERFACE : SERIES 601 ST

. Interface for connecting multiple 8082A's
and PDC 848's to Commodore PET series com-
puters, Cable attaches between PET meanory
expansion port and_8082A/PDC._ Multiple
units connected via daisy-chained cable.

* PET series 2001, 4016, 4032, 8032, etc.

* Switch seleqtabfe address via 8@82A
internal switches |

* Number of units limited only by free H

-

PET memory . '
* Complete documentation included

*** Trademnark of Commodore Business
Machines Ltd

SCIEMETRIC INSTRUMENTS P.O. BOX 1048, MANOTICK, ONTARIO, CANADA KOA 2NO (613) 692-3507

Data Sheet DS-002 01/85



Solid State Temperature Sensol

'l AD590 Series -
ﬁ Linear 1 Microamp per Kelvin Output (- 273) |

v e B

l ) "Rk ks g (3
: i SIEAY 5 oresyy oK
1

N pF s

100 mvC

SRR P N )
B At AD301AL A0S

AD590

. B B R i U R R M e oo e T
H . .
i e Linear Current Output reliabllity, linearity and accuracy are AD590 Applications
.l e Broad Range -55to 150°C required. The AD590 can be used to
; e No Linearization Circuitry determine minimum, average, and v~ ldeal for Fast Respo.
" Required differenlial temperatures, in addition Surface Measureme
e to being used for thermocouple cold ior Conirodi
a * Versalile and Economical junction compensation and » g,e,gsﬁgfe'rzr i
K * FastResponse temperature contro! applications.
Vs o The size and responsiveness ol the v~ Use in Custom Mad
0o The AD590 is a small temperature AD590 make it per!egl for uses = Probes
iy i fransducer that converlts a where size is a consideralion, suc
'}; ! temperature input inlo a proportional as on PC boards or heat sinks. v zgguorg g%ggg{gg;;
l - currentoutput. Just power up—and measure the
i, The advanced ltechnology in the absolute temperalture (Kelvin), No
W . T ADS590is especially suiled for linearization, amplitication or cold PRICED AS LOW AS
[ ; ) special temperature measurement junction compensation is required n 0
i and control applications between (lig. 1). To conver! reading to °C, 4\-’
% -55 and 150°C when solid state sublract 273.15, EACH
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APPENDIX D - CONSTRUCTION SPECIFICATIONS






o

e PN

e o b oiw'ﬁ'



FERGUSON
Our File: 86-131 S | I\/] EK

‘October 31, 1986 (::L_/Q\F2P<

ENGINEERS & ARCHITECTS

NWT Housi ng Corporation $9w1-5 v SIRCEL. PO 80X 1717
Yellowknife District Office 140:3) 120- 7642 TELEX 034-45619

P.0. Box 2732
Yellowknife, N.W.T.
X1A 2R1

Att: Ralph Meikle
Dear Ralph:
Re: Northern Ventilation Study Duplex Housing Latham Island, Units A,B,C & D

Please process a Contemplated Change Order for the following changes to the original
contract.

Quotes are to be submitted with a material 1labour and freight breakdown including
number of man hours, room and board if applicable, and subtrades original
specification guidlines shall govern.

ITEM #1

Extra passive ventilation piping installation Unit C. .

A. Provide and install all necessary piping, grilles, insulation and sheet metal
for a complete system as per sketches SKM # 8,9,10 & 11.

ITEM #2
Install extra (Air changer) heat recovery unit as a complete functioning systen

The air changer wunit only is supplied by Ferguson, Simek, Clark Ltd. Thi:
shall be installed in Housing Unit D.

A. Contractor to pick unit up at trucking depot upon arrival and assume
responsibility for handling and storage.

B. Provide and install all related ducting, grilles, controls and wiring requirec
for complete system operation.

C. Cut and or frame holes as required to allow for duct routing and securing.

D. Insulate all ducting from exterior to wunit and 6’ down stream whereve

practical with 2" vapour seal insulation making good all joints.

E. Provide and install wiring to 120V duplex receptical using an individual 15
amp circuit from main power panel and clearly mark panel in type writter
letters. Also supply from separate circuit 24 volt remote control for timer:
and switches. To control high speed.

o



ITEM #3

FERGUSON
SIMEK
CLARK

ENGAEERS & ARDNTECTS

Install using the same perameters as item #2 a Nutech and Kantherm heat
recovery unit also supplied by Ferguson, Simek, Clark.

Items No. 2.A,.B,.C,.D, and .E shall also imply for installing these units in
housing unit A and D. - Kantherm.installed in Unit A. Nutech i{nstalled in Unit

Following is a specification guidline for all equipment and/or components required

for Items 2 and 3:
1.1 Flex Duct

1.2 Outside Vent Hoods

1.3 24V Wire
1.4 Exhaust Grilles

1.5 Supply Grilles

1.6 Insulation

1.7 Crank Timers

1.8 Note

1.9 Drawings
Yours truly,

FERGUSON, SIM K,'Q&AﬁK
Botdal

Bernie Feodoroff

6" dia insulated for cold end and warm end ducting.
Catalogue # 1FD625.

6" dia c¢/w fresh air filters. Catalogue # OVH6.
Provide four extra filters for each system.

Catalogue # V133. Class II 24V doorbell wire.

Swing up exhaust grille face c/w GFM4 filters 45 -
75 CFM air flow. Provide six extra filters for
each system.

Provide 12 x 8 vertical bar double deflection
grilles equal to Titus.

1" thick flex wrap complete RFK medium foil wrap
vapour barrier. Use contact ‘cement.or equal on
all joints and tape overlapping min of 2".

Provide three remote 30 min switch timers in each
unit location to be determined on site. One for
kitchen, bathroom and laundry. Catalogue # CT30.
Allow for 10 total switches.

Catalogue numbers were taken from the Air Changer
catalogue. A1l components specified are available
locally through Bartle & Gibson.

Other components may be used if of equal or better
quality.

Six copies of shop drawings of all components must
be provided.

Shop drawing of heat recovery units are included in
this CCO for information only.






