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ABSTRACT

v

This report presents the results of a two year.
'investigetion inv01VingISix reeidential ratural gas furnaces
on which tests were performed fo determine their seasonal
efficiency, their influence on structural air infiltration,
and their economic feasibillty The furnaces were tested
both in the field under typical operating conditions and in
éne iaboratory according to the CAN1~P{1%85 seasonal .
efficiency test standard. The field tests were performed to
.determine the insitu performance of edch furnace. These
results were then compared to the CAN1~P.1F8§ predicted
values of seasonal efficiency to determine the accuracy of
performance representation maﬁﬁ by the test procedure The
laboratory test also allowed determination of, the steady
séate eﬁficiencies of "each unit.

' The;report also presents the‘reeults of teﬁts performed
on a typical residential. air éo air heat exchanger or heat
recovery ventilator in which the uﬁit‘was testzd to
determine the level of cross contamination resulting from
varying degrees of blockage in one of,the'flow‘streamsf

The value of seasonal efficiency normally quoted for a"
" standard‘furnace‘is betﬁeen‘so and 60%.’ﬁowever, both the
field and 1aboratory teetevperformed oe'the ICG Standard
were found to deliver seasonal efficiencies which were o

I

51gnificant1y greater. Field tests produced an apparent p

i

seasonal efficienCy of between 70% end 72% while laborator{

-



tests predicted a value of 67%. The’ signiticance of this
result is that it directly reduces the economic
attractiveness o$ a higher efficiency furnace replacement.
The operaticn of a free standing pilot flame was shown _
s to contribgte sighitiéantly‘go\the rate of structural air-
1nt11tration.\For:;h§ particular unit in which the standard'
furnace was' tested;‘pilot operation resulted in a ;S%
increase over the patural infiltration level. In general,
the influence of furnace operation on air infiltration was
found to be closely relateqd ?o/the efflclency of the furnaCe
with the lower efficiency units producing the greater

effect. -

\
\ it

Under most situations, it is more economical to |
i 4
{

purchase an upgraded stanﬂard or mid efficiency furnace thqn-;
a high efficiency model. The extra lnvestment requlred to |
purcha;c a: high efficiency furnace is in general not
compensated for by the additional cost savings.

The .1evef of cross contamination for the aif to air
heat exchanger tested was shown to be typicallylbelow i% of
the air stream flowrate suggest%ﬁa highly effective

siparatioﬁ‘bf the opposing streanms. ¢
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CHAPTER_1
INTRODUCTION

In Canada, domestic energy usage accounts for
approximately 25% of all energy copsumed (1)ﬂ Of that

A

amount, nearly 65% 1is used solely for the purpose of home
heat ing (2) Although much research has been, devoted to tha
development of a wide variety of epergy saving consumer
items anduapéliances,'it is enly within the last decade ;hat
residential gas:furnacé has begun to receive serious‘and

ng needed attengion.

| It is generally agreed that the seasonal efficiency of
'a typical gas-fired residential furnace is in the range of
50 to 603 f3). Such values imply that close to one half of
the total energy supplied for heating is effectively wasted,
The magnitude of éﬁergy loss particularly on a national
scale has become a conservation i§sue and as such has drawn
ﬁhe attention of vérious levels of government and has
inspired’interest in the development and promotion of

furnace designs offering improved efficiency.

1



Since the early 1980's, a whole range of energy_savgng
natural gas furpaces have become available, each C£aiming
improved efficiency and a subsequent reprieve from the high
high cost of home heating. Six typical furnace models |
representing a rapge of furnace technologies and seasonaul’r
 efficiencies were choZen from this group to be used in an
LnQestigation of furnace performance and cost effectivnpess,
Through field and laboratory testing procedures, each unit
chosen was tested to determine its seasopnal efficiencyN
Economic assessments, based.on the seasonal e.raclency
results, were then made‘regarding each unit as a replacement
of an existing gas furnace installation.

Reducing the rate of air infiltration has been the
response of the housing industry to the demand for a more
energy efficient home. Improved construction techniqnes,
vquality door and window assemblies and the employment of
heavier vapor barriers have been amorlg the measures taken to
reduce the unnecessary loss of energy.'This new generation

|
of tighter house construction however has elevated concerns

over indoor air quality and excessive moisture build-up. The
ﬁicnosed soiution has been‘the installation of air to air
heat exchanqers to provide induced ventilation, One such
commercially available resident1a1 ventllator was selected
for testing to determine its rate of cross contamination or
‘its effectiveness in maintaining separation of its opposing

air streams. Costtlimitations prevented expansion of testing

to include a full aseessment of its thermal effectiveness.
PR | |



1.1 ~ DISCUSSION OF FURNACE EFFICIENCY AND LOSSES
iy .

The primarxy function of a residentialfxur?acé is to
LN

convert a source of potential fuel energy intoﬁnsablﬁ'sbqée
© heating, implying both the generation ana éistfigutiqn’ofi
heat epe gy.Witnin the residence. An ideal furnace would
convert all of this available fuel enengy*into usable
energy. Certain losses, however, ‘cause the efficiency of
the conversion process to be something less than ideal
(100%). For the purpose of this study, two deﬁinitions,pf
efficiency are of importance; steady-state and seascnal"

? -
efficiency.

Steady state efficiency describes the'performance of‘tne
furnace during continuous operation. It is defined as the
energy being delivered by the furnace, divided by the energy
input rate once operational stability has been achieved.

Seasonal efficiency describes the performance ofrthe
furnace under its natural cycling mode. Because a
residential furnace does not normally operate continuously,
the steady state efficiency does not provide a realistic

¢

measure of true furﬁEce performance. Certain losses which
occﬁr during ﬁhe.éff—cycle'affect the long term average
performance of che unit. It is these losses which are.
accounted for in theé measure of seasonal efficiency

Seasonal efficiency, therefore; is defined as the net amount
of energy delivered during a calender year, divided by tne
-energy input during thé s?me calender year. It is the

seasonal efficiency which is of most importance to the



, o a
homeowner because it is this measure which ultimatéiy
determines the magnitude of the annual heating bill.

The most wldeiy used,reSLdential furpace is the standard
natural gas furnace, This particular style of furnace'is‘ |
designed for installation”within,the,conditionéd space‘and{
is_characterized by three basicrfeatures:

L. Atmosphe,ric bur"x;er - co‘mbustion‘o'ccurs as an open flamen
,underaatmospheric pressure. Primary air and fuel mixture
emerse from burner flame’ﬁorts and are met with,secondary
air subplied by natural convection. |

2.'Colnt:inuous pilot ignition - ignition ‘of t‘he ma in k;urner‘
'is provided by means of a contlnuously burning pllot flame.

3. Draft hood - used as a safefy device‘to prevent
backdraft.from‘occurring through burner section. It is also
used to decouple the stack draft from the. natural draft set:
up within the heat exchanger thereby maintaining eff1c1ent
combustion.A ' |

Because of its relative simplicity, both in terms of

7design and mode of operation, the standard furnace is safe,
reliable and virtually maintenance free. Although each of .
the furnace s main components are tuned to offer op%imum
performance and efficiency, certain sources of energy loss
do accompany its inherent simplicity These losses combine
to ultimately reduce both,the seasonal and steady ‘state
efficiencies of the unit. Table 1.1 categorizes these

various losses in terms of seasonal -and steady state



TABLE 1.1 TYPICAL STANDARD FURNACE ENERGY LOSSES

STEADY STATE:
1. Sensible’ 15 ~ 20 %

2. Latent 10 ;2

SEASONAL'(offﬁcycle):
‘3. Draft Relief ‘ 8 ~ 15 %
4. Continuous Pjilot 5 ~7 3%

5. OVersizing ‘ 0~ 3 3

~— i



6
‘contributionhand lists the typical magnitudes of eachﬂ The
losses, are also illustrated in Figure 1.1.
~The following are descrlptions of the nature of each of
the stated losses including diScussions of. additional: losses |
which may occur in certain furnace lnstallationS, but which
are pot aodressed further in this study.
1.1.1 SENSIBLE HEAT LOSS , |
In a spacekheatihg furnace, the furnace flame and
,oomb stion gases are maintained completeiy'séparate from thel
, circulating room air by the surfaces of the heat exchanger;
In most modern units“ | the room air is forced"across these
surfaces by a fan or blower to improve heat transfer.
\Because of the limited size of ‘the heat exchanger however,,
all of the combustion. energy is not transferred to the
circulating room air. Rather,rtheiflue gas is allowed.to
leaQe'the exchanger and enter the stack at aitemperatureﬁ
‘typiCally much higher than room temperatnre carrying withrit
a significant portion of. the available fuel energy .This
' unused portlon of heat energy contained in the hot flue- gas
l‘is commonly refetrred to‘as the sensible hga;;lOSS\
Sensible‘heat loss may obviously‘be reduced by/improding ‘
. ‘heat transfer at the heat exchanger, either by altering the |
heat exchanger design or by increasing the rate of airflow
. past its suﬁface. ‘Under most circumstances, it may also be
: "

reduced through control of excess air (required to ensure

. complete:combustion of the fuel).,AlthOugh not directiy



2,lLatent heat

loss

K . 3,Draft hood
:Qiitittibk\\ Loss

1,Sensible heat
loss '

,\ 1 _

s
\\\ﬁa 4 Continuous
— " pilot

ignition .

FIGURE 1.1 Standard residential gas furhace showing
: associated energy losses.



8
involved in the combustlon reaction, the excess air removes
energy from . the system when it is heated to the furnace flue
'gas temperature and éxpelled through the furnace stack. The
effectiveness of the heat exchanger ié‘aleo reduced because

of the transfer of energy to the excess air agd the

sabsequent.reduction in heat exchanger temperature, From an

efﬁicieney standpoint tnerefore it is‘clear that the control
KOf excess air is desirable and that burners designed to |
operate eff;clently with low 1evels of excess alr are
distinctly advantageous ’ '
1,1.2 LATENT HEAT LOSS :
‘ Natural gas is rap;dly becomlng Canada s most popular,
fuel for re51dent1al heating. It provldes h1gh energy
content together with ease of transéort and clean
(smokeless) oombnstion. Having methane as its main
constituent however,,natural gas carrles a high
hydrogen/carbon ratio and therefore the potent1a1 for
significant latent heat 1oss. ' |
Latent heat loss,ls the loss'of energy associated with

the productlon of water vapor 1n the combustlon reactlon.

When a hydrocarbon is burned, both the carbon and the _

AY —_—

hydrogen are oxldlzed to form carbon dioxide (CO,) and.water .

. (Hy0) ; ‘the higher the fuel hydrogen content the’ greater the
. production of water. If this water is exhausted from the
‘reaidence while still in its vapor state, it is accompanied

by a significant loss of energy known as latent heat loss.

.

L
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toxic combustion products‘into the residence.

| ' 9

If however the water vapor is condensed from the flue 'gas, a

portion of this latent energy may be recovered depending on
the amount condensedﬂ '
1.1.3 DRAFT RELIEF

To operate safely, a furpace must have built into jts .

design some - relxable mechanism Whlch ensures posjitive

ventilation of cqmbustion products. Until recently,

furnaces have relied primarily on the use of a draft hood

‘for this purpose The draft hood is sxmply an open passaqe

between the cond;txoned space and the stackﬁ‘ A dxfference

'

in densities between the coo)l ambient air and the warmer
stack gas prov;des a level of buoyancy which maintains a
continuous pOSlthe (upward) flow of stack gases, In the‘

)

event of a rare backdraft or no draft COndxtlon, the draft

hood acts as a splllway ensurlng that the flow reversal doeS‘

not occur through the heat exchanger Such an occurence— .

would cause a reduction in O2 levels in the flame zone

resulting in incomplete combustlon, and the introduction of‘

4

\

. The draft hood is also used to decouple the stack draft

from the normal draft set up w1th1n the furnace heat

. exchanger or burner area during operat;on, Without the use

of a draft hood, a strong draft would necessarily occur
within the heat exchanger section due to the the high stack
gas‘temperature causing an increase in~excess air,la ’

reduction in exchanger temperature,- and possible
. N ; v -

\
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interference with combustion near the combustion air
opening, = o B o

- Seasonal efficiency is heavily taxed by the use &f the
draft hood. Under most conditions, heated room air is
continuously lost up the stack both duriné furnace bperation
and during furnacé'down time, This aix is then replaceqd py
cold outside air wnicn‘must either infiltrate the structure

Oor pbe drawn in through ducts,:

1.1.4 CONTINUOUS PILOT IGNITION

i Pilot gas ronsumption is normally between 0.03 and 0,04
ms/h (1 and 1.5 £t /hR) - During furnace off periods unless
the circulating blower is operating continuously, some of ¢
the heat generated by the pilot is not recovered
contrlbu»lng directly to a reduction in seasoral efficiency
Clearly, some of 'this ener;y is reCQVered through natural
COnvection from the heat exchanger and exposed stack
' surfaces. During the non-heating season however even this

contribution is considered as waste since it is no longer

desired. 5

" Besides thé»obvious}lossfof direct nilot iight energy;
 there is an additional loss which arises due to an imposed
increase in air infiltration to the structure. Thfs
infiltration increase accompanies‘the‘stack f&ow‘increase‘
,that occurslbecause the standeby stack gas temperature is
maintained above room temperature causing higher stack |

‘buoyancy and a stronger chimney effect.‘
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In‘general, the amount of seasonal loss arising frgm the
use of continuous pilot ignition is dependant En‘the'pilot
to main burner fuel consumption xatio and onm the design of

the heat exchanger, as well as on the length of the heating

Season’and the oversizing of the unit, the latter two of

which directly affect the number of stapd-by hours,

'1.1.5 OVERSIZING ‘

Some percentage of. fiurnace oversize is almost alﬁiij
requlred to ensure that the Furnace is capaple of sustatning
the pnecessary load in the event of a period of partlcularly

cold weathera It is also’ necessary to’ ensure that a

'

‘reasonably short plck~up time (the tlme required to return

the room to the comfort level) can be attalned followlng a

|
"
nlghtlme (or daytlme) temperature setback
Gross overslzlng, on the other hand, is’ normally
undesirable. As 'well as provldlng certain dlsadvantages

A

such .as short on-cycles and uneven heat dlstrlbution it:is

'generally agreed that QVer5121ng reduces the seasonal

eff1c1ency of a furnace Larger draft hood openings and
stack dlameters result in higher draft volume flowrates

lncrea51ng the off—cycle losses.” Off-cycle losses are yetqh

‘further 1ncreased because of the 1ncreased fractlon of down

tlme.
' Although oversizing losses are obviously unrelated to
the particular design of the furnace and therefore beyond

the control of the manufacturer, they are included among the
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" iNdoMPLETE COMBUSTION .

“fh.;enefal\'cémplete combustion‘witn stojlchiometric air
is difficult to obtain in any combustxon application. Since
mixing of fuel and-air. is normally imperfect, some air never
cemes.in contact withvtne unburped fuel. The usual indicator
of, "in;:ompxete comb‘u'stion is the presence of combustible
carbo'n m‘onoxiclié K(CO) in the flue gases. In the worst case, a
certain, 1e$el of unburned fuel (hydrocarbons) may also be
detectedA In either event the loss which results is related
to the amount of the coAbustible present and its respective
héating value (the ameunt of ehergy released when the
combustible is completely oxidxzed) (4) To ensure reasonably
complete combustion and the release of the maximum amount of
availaﬁTe fuel- energy,: it is therefore necessiﬁi;gb operate
a;furnace with at least some excess air. i}'

Fufnace.man?facturers are clearly aware of‘éhe potential
losses'wﬁich may_result from operation with insufficient air
end are therefore careful in designing their burner
assemblies accordingly.” As a result, losses arising from
incompleée combustion in residential furnaces may be
generally assumed to be zero.

AT
1.1.7 JACKET-1OSS -
If g@t&;hace is lecated outside of the_building or in an

[
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unheated space such as an attic, the amount of energy
actually supplied for heating may often be significantly
less than th;t delivered by the furnace due to the transfer
(loss) of energy to the unheated surroundings. Most
resjidential neating'sysnems, however, are contajined entifely
within the building being heated and are therefore not
subject to such losses, For the purpose of this study apd
considexing the nature of the furnaces under investigation,

jacket loss Wiil also be considered as zero,
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1.2 ~ DESCRIPTION OF TEST FURNACES

| Six different resjidential gas-fired furnaces were

selected from the current marketplace for testing in this

study. The furpaces chosen covered designs and efficiencies

reﬁresenting.a range of current furnace technology.

Table 1.2 lists the six furpace selections showing the

nominal energy inputs and rated efficiencies as taken from

the furpace nameplates (nameplate markings must represent

steady state efficiency as determined according to the

/
Capadian test standard CAN/CGA-2.3-M86 (?) eptitled

A

"Gas-Fired Gravity and Forced Air Central Furnpaces").

]

TABLE 1.2 -~ RESIDENTIAL GAS FURNACES UNDER INVESTIGATION

FURNACE INPUT 1EFF‘ICIENCY DESCRIPTZION
RATING RATING
(kW) (%)
ICG Standard 18 77 Atmospheric burnér, pilot
- flame, draft hood.
ICG Conserver 18 . 77 Atmosphefic burner, elect.
' ignition, flue damper
Airco Turbo 18 84 Induced draft, electronic
' .ignition.
ICG Ultimate 18 92 - Induced draft, electronic
ignition, condensing.
Lennox Pulse 12 96 Pulse combustion, elect.
ignition, condensing.
Amana Energy 13 96 Pressure burner, elect.
Command ' Agnition, circulatory

water-glycol, condensing.
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1.2.1 ICG S’I‘KANDARD‘

The ICG Stapdard is typical of most natural gas furnaces
in use in Canadian homes built within the last fifteen to
twenty yeaxrs, The furpace, shown in Figure 1.2, is
descri?éd as ;a~atmospneric combustjion forced air design 
featuring a draft diverter (a built in draft hood) and
coptinuous pilot ignition. The unit's efficiency is limited
by pilot energy waste, high excess air, high temperature
exhaust, and unobstructed flow of room air through the draft
hood and heat exchanger during the off~cyoien Though still
quite commonly used, it is considered the minimum standard.

in present furnace technology.
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1.2.2 1CG CONSERVER
The ICG Conserver is an upgraded version of the ICG

Standardq Identlcal xn outward appearance the upgraded
unxt lncorporates two energy saving featureS* a motorlzed
stack damper and electronic spark ignxtxon. The stack damper
is.located downhstream from both the flue and draft diverter
opening. During the off~-cycle, thg damper remains closed
preventing the escape of room air up the stack. . Because
there is no off-cycle airleW/'there is no means ' of
ventllating pilot exhaust thereby necessltatlng electronic
spark 1gn1t10nA The spark xgn;tlpn system is part qf a
modified burner pack»éhat replaces the complete pilot
ignitioﬂ burner paCK assembly. Figdre 1.3 is a photoqraph of
the replacement burner pack and flue damper. The elimlnatlon
of the pllot flame and the preventlon of off cycle room air

loss are in theory designgd to eliminate all dff time

*
RO

losses. B ' \



FIGURE 1.2 ICG Standard - conventional
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FIGURE 1.3

ICG Conserver
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1.2.3 AIRCO TURBO' | _ | e

‘The AirCO Turbo }s categorised among what are called mid
éffiCiehcy‘furnaces, These are non~conden8lng induceq.draft‘
‘fhpits having seasonal efficiencies of between 80 and 90 - |
percentA

The AerO Turbo Shown in Figure 1.4 uses a small

impeller type‘blower locatedaaththe‘furnace exhaust point to
‘provide induced draft, that fs, to draw combustion air into
the system and to simultanéouSIy expel éxhaust gases, The
Airco burner obtains efficient comhustion and high flame
‘temperature with relatiuely low excess air because of the
'controlled'nature of the combustion air intake. Each of the
heat exchanger heat transfer surfaces.feature a matrix of 2
diameter depresslons spaced approx1mately 4" center to
center deslgned to enhance turbulence and 1mprove heat
transfer. The combined result of‘the_low excess a1r and
increased heat transfer is a significaﬁt reduction injflue
gas temperature ane on-gycle sensible loss. During the off-
cycle, the induced draft blower does not operate prov1ding

blockage against the loss of warm room air up the stack The

Airco also features electronlc 1gn1t10n.
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FIGURE. 1.4 Airco Turbo -

~ignitien.
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1,2.4 1CG ULTIMATE )

The ICG Ultimate is a high efflcxency furnace The texrm
hlqh efficiency usually implies that the unlt 1s a |
condensing model haVing a seasonal efficiency‘greater than
,90 percent In a condenSAng furnace the flue gases are
cooled to below the dew polnt "the temperature at which the
water vapor present first begxns to condense.lThls
temperature is generally around 60°C (140°F3 but is
‘dependant on the level of eﬁcess alr used for combustlon,
Thls ability to dramatlcally c001 the exhaust prOduCts
ellmlnates the need for a 'standard vertlcal B-vent stack. 'A
horlzontal section of 2" ABS plastlc plpe routed to the
nearest exterior wall iu all that is necessary to vent the
‘low temperature exhaust products This feature characterlzes
.and‘readlly ldentifies hlgh efflclency conden51ng furnace
‘inStallations. | | »

The ICG Ultlmate shown 'in Flgure 1.5 uses a serles of
three heat ex hangers to reduce 1ts flue gas temperature to
‘below the dewjéolnt As in the Alrco Turbo, the unit
features an . induced draft blower and electronlc spark
1gn1t10n. | i |

The ICG Ultimate was among the flrst h1gh eff1c1ency
re51dent1al furnaces to be commerc1ally produced Although
its features were revolutionary when the model was first
. released, it has‘since»been_surpassed in terms of both its
“seaSOnal and steady state effICiency. Production of the

furnace has been’discontinued for this and.for other reasons

-~
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including relatxvely noisy operation, inef:}cient
circulating blower design (high electrical power
consumptxon), and large physical size. Even though its’
production has been{discontinued,‘there are still units

.available'at reasonable coét‘offering favorable economics‘as
will be discussed in later sectionsa‘ |
™

~

1.2.5 LENNOX PULSE-

The Lennox Pulse shown in Figure 1.6(a) is a high

A [}

efficiency oondensing furnace featuring-a unique design | -
utilizing a phenomenon’ known as pulse combustion. Afhe'lwﬂﬁ%
furnaoe has‘no conventional burner assembly‘ $ather,
CombUSthn occurs in a small flnned Chamber that is desggned‘
to generate and utlllze combustlon drlven pulsatlons . 'The
acoustic devlce is tuned to allow fresh charge to be drawn
1nto the chamber, exploded and expelled in a self sustalnlng
cycle. The flow pulsations themselues prov1de the means !!r
draw1ng combustlon air and ventilatlng exhaust products,
effectively ellmlnatlng the use of auxlllary electric power
during operatlon.| Electronlc spark’ however' is used, but
only to rnitiate the self-sustained process. A second heat
exchanger is used to oool the exhaust gases to below the dew
point before they\are vented ‘outdoors. Figure 1. 6(b) is a
top view looking down into the furna?e heat exchanger;

,assembly showing' the finned combustion chamber and main

heat exchanger.‘ ' , 0
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Pulse comhwstlon is in itself an energy saving feature

Of the Lennox furnaceﬂ Because pulse combustion is a

_constant volume process it is accompanied by a slight

increase in energy release per mass of fuel (approximately
0. 5%) above .that avallable from atmospheric or oonstant
pressure combustion. Thls dlfferenca is a result of certain

thermOdynamlc considerations, namely the difference betweep

the constant preSSure and constant VOlume nigher heating

values (HHV) for natural gas (the copstant volume HHV (s
approximately 0.5% 'higher) . j

Because of the pulsatlng nature Jf the intake (and
exhaust) flow' and the potentlal for nogse accompanylng it,

the Lennox Pulse draws its combustion air from outdoors and

- i

PO

as .a result does not impose. any extra air infiltration load
on the structure during operatlonA It should be noted |
however that this 1s not necessarlly an energy savlng
feature.‘Computer simulatlon studies have shown that it - Ls

more efficient to use indoor a1r for combustion than outdoor‘

cair (6), The incnemental loss associated wlth heating

'outdoqr alr for combustlon is greater than that r/sulting

from the use of indoor alr, ‘ ' N

\

‘o ' o o ' ’

1.2.6 AMANA ENERGY COMMAND -
The Amana Energy Command shown in‘Figure 1. 7)is a high
effici;ncy condensing furnace Unlike most conventional

foroed air furnaces, however, the Apana does not ‘directly . "
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beat the circulatin§ room air. Rather, energy is transfexred
to the room air by means of a circulating water~glycol
mixture. The water-glycol working fluid is first heated
within the main burner/heat exchanger assembly. The heated
mixture is then delivered to a second heat exchanger,
similar in appearance to an automobile radiator, through
which the room air is forced and Subsequently heated,

Usipg a small blower, fuel and combustion air (room ajir)
are driven radially through .a cylindrical stainless steel
mesh within the primary heat exchanger or paténted heat
Trapsfex Module (HTM). The mixture is ignited using an
electrically heated ceramic ignitor located just outside the
porou§ mesh where the flame, once burning, is maintained.
Low excess alxr, large flame area, and'stréng induced
turbulence produces highly efficient combustion and energy
release which is ultimately transferred to fhe water-glycol
mixture within the HTM. Beyond the HTM, the exhaust gases
are routed to another heat exchanger where they are cooled
to below the dew point. Condensate is dr;ined from this

exchanger and the remaining exhaust gases are then vented

outdoors using 2" ABS pipe.



,CHAPTER 2

0ODS_OF FURNACE S G

This chapter will describe the pﬁilosépnies behind both
the field and laboratory test procedures. It will include a
description of th;rbverall field test fadility with specific
reference to the modules directly 1nvolde in the furnace
efficiency evaluations giving pertinent details as to their
construction and relative heating .performance. Also it will
include a general descrlptlon of a proposed federal test |
standard deslgned to allow estimation of the seasonal and

steady state performance of residential gas furnaces.

3

2.1 FIELD TESTING

2.1.1 - DESCRIPTION OF THE FIELD TEST FACILITY
All furnace testing was done at the Alberta Home Heating
Research Facility (AHHRF). The research facility was

~ .
28
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constructea in the summer of 1979 for the purpose, of
xnvestigating energy consumptlon in residential housing. The

facility is located at the University. of Alberta
Agricultural\Farm approgimately 3 kilometres west of
Ellersiie, Al%ertaﬂ‘ It consists of six sinqle—storey,
doub1e~garaget§ized house replicas or modules shown im

Figure 2.1, each with full height walls and full concrete
basements. Dxfferent construction technlques nsulat;on
levels, and solar gain utilization schemes cnaraoqerize and
distinguish each of the modules enabiing the study of a full
range of energy consumption and utilization élternativesa

A number of exceptional }eatures of the'facility set it
apart from other honé heating field studies. Among these
are the factrthat all\Of the modules at the faCillty remain
permanently unocoup;edr Also, being of the same location,
each of the modules isxexposed to an identical climate.‘
These two factors necessgrlly ensure that the thermal
behavior of the modules are not compllcated by inhabitant
lifestyle dlfferencesland zonal climate varlations. The )
facility uses one of its n&%ales, Mod&le 5, unmodified since

its construction, as a reference module for, comparing the

thermal performance of the o her units. This comparison

technlque greatly simplifies the assessment of the relative
merits of the yarious module f atures and enables a clearer
evaluation of the effects broug t‘about by chénges made to
any of tne other units. |

All data.relating to and af ecting the thermal.
\ .

\

i
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FIGURE 2.1 The Alberta Home ﬁeating Research Facility
(Six test modules  numbered in order from
) left to right). '
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. performance of. the facility modules is monitored on a
contihuoﬁs'ngis using two microprocessor-based déﬁa
,‘ac§uisition'system5. The éystems monitor over one hundred
channels of environmental and buildiné related measurement
! inputs. These include the fOilowingf%
"l.bEnvironmental measurements
~ ambient air temperature v. ' —
- varioﬁs ground temperatures
H‘Wind speed and direction
\~ solar radfﬁtion
. 2. Building measurements .
- room, basement, and attic air temperatures

t
‘

south~facing wall temperature

}

|

basement wall and floor heat loss

rates of air ihfiltration

)

+

)

electrical energy input

natural gas volume input (Méﬁ.3,4)
—— Data from each of the inputs are recorded every 2 minutes,

averaged or summed hourly as neceséary, and then trénsferred

to magnetic tape for later analysis.

2.1.2 - FIELD TEST PHILOSOPHY ..
Furnace field tests were performed in Modules 3 and 4 at
the AHHRF. In these two modules, ﬁhe six natural gas

furnaces were installed and monitored over the'?eéular



heating‘season according to the schedule outlined in Tabie

2 1. During each test sessizn, the two gas furnaces on test

- were. cycled alternately .with electric furnaces on a one week'
on,ione week off basis. Two reasonable assqmptions were' used’
during the inyestigations: girst, that the eleotric furnaces

would provide 100% efficient heating,‘and second, that the

tgfrmal performancewofvthe structures would remalnb ¢

relatively conszgnt between Successive on and off weeksq
These assumptlons would allow weekly comparlsons of module‘
performance data, prorated on the basis of heatlng degree
‘days, to obtain estimates of in situ gas furnace efficiency.
Changes in in sltu efflclency over the course of each test
‘session would be expected to occur as the. result of weekly
changes in cllmate severlty. 1t was reasoned that tnese
changes could be used to offer insights into the effects of_
furnace oversizing. | B
The same method of data comparlson could be modified

slightly to. enable evaluation of effic1ency in terms of the
reference module, Module S. Module 5, as dlscussed earlier,
'is used as a reference to gauge the relative performance of
-all other modules. | o |

| Finaiiy, the performance‘data‘from ModUles'3"4, and 5
would be averaged over each full test se551on and compared
dagain using similar methods, to obtain long term values of-

in situ efticiency which would approximate the seasonal

'values of each unit.
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FIELD TEST SCHEDULE

FRY

MODULE #3

MODULE #4

TEST éEssION

Oct.1984 ~ Dec.1984
Jan.1985 -~ Mar.1985

Nov.1985 ~ Mar.1986

1CG Utimate
Lennox Pulse -

Amana E.C.

" ICG Conserver

ICG Standard

Airco Turbo

y
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2.1.3 ~ DESCRIPTION OF TEST MODULES
| The three high efficiency furnaces, namely the .ICG
Ultimate, the Lennox Pulse and the Amana Energy Command,
were selected for testing in Module 3, the Energy
Conservation Module. It was felt that this choice‘was-
consistent with the conservation scheme of the module and
typical of the application of such units by the energy
‘conservatlon enthuslast. The distinguishing feature of the
‘module is its high insulation level and low natural air’
‘1nf11tration. The 'insulation level in this mOdule
represents approxlmately 4 times that used in conventional
house construction. The low natural air lnflltratlon,ﬂ
representing approximately 1/5 that, of standard
construction, is the result of the unit's absence of a
vertical flue and itsvdouble wall construction and
unperforated vapor barrierriTable 2.2 shows some‘of‘the‘
irelevant design’and perfornance details of Module 3 as well
~as those of Modules 4 and 5. A more detailed description of
‘each test module may be found 1n the fa0111ties annual

.reports (7,8 9), Figure 2.2 is a‘photograph of the three

modules.

;fe ICG Standard the upgraded ICG Conserver and the
mid-efficiency Airco Turbo, were selected for testing in
vModule 4, the Passive Solar Module. The passive solar
nheating which characterizes this module is obtained through

. two large south facing windows.‘ The unit is fitted withlan



-
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TABLE 2,2 OVERVIEW OF TEST MODULE CHARACTERTSTICS

MODULE CHARACTERISTIC  MODULE #3

MODULE #4

MODULE #5
NOMINAL INSULATION
LEVEL ~ RSI(Rgnglish) | o
Ceiling = 14.80(80) 7.04(40)  3.52(20) ,
? - {
Walls - % 7.04(40) " 3.52(20) 1.76(10)
Bmt.Walls® 3.52(20) 1.76(10) 1.76(10)
b ! . =) ’ ' |
NATURAL AIR .
INFILTRATION (ACH) 0.1 0.2 0.35
SOUTH FACING WINDOW
AREA (% Floor‘Aqéa) " 11.3 22.6 0.0
"RELATIVE ENERGY* 8 - ,
CONSUMPTION - | a0 61 100

P

A

* - Module 3 and 4 basement walls 1nsulat10n over the full
height. Module 5 is insulated to 0.61 m below grade.

»

L Relative energy consumptibns averaged over 1982-85.
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The Conservation Module (Module 3) and Passive
Solar Module (Module 4) both used for furnace. .
test:mg The: Reference Module (Module S) also
shown 1n background

36
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open vertigal‘f;ue and hég had no‘extré‘measupés taken to
-reducelﬁnfilﬁratIOdﬂ This module was the best énoice for
testing these units since, next to Module 3, it required the
iowéét pdrchasedvenergy 1nbut This matching was necessary
in order to ensure sxmllar loadlng of all of tne furnaces

'
under investigation.

Moqule S(Qphe’Refereﬁcé Module, features standard
'constructién?and insulation levels and expexiences rates of
"air;infiitrakion typiéal‘0§ homeé built in the 1970's.
Although tne modulefis electrically ﬁeated3 it uses an open
vertical flue pipe to induce envelope pressure distribﬁtions
simildr‘to‘those occurring in a conventional sﬁructure
, heated by a gtandéfd natural gas furnace, ‘The module has Ho*

squth .facing windows and is thereby not. greatly lnfluenced

by solar radlatlon.
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2.2 ~ LABORATORY TESTING
Laboratory testing of each furnace was dqne,onilocation
: w

at the AHHRF in Modules 3 and 4. Tests were performed
according to the proposed Capadian Gas Associatlon seasonal

test standard CAN1-P.1-85 (10) o enable the unblased
evaluation of seasonal and steady state efficiency for each
“gfxthé units. |

e

8,

¢ - U

ZAZQI‘BACKGROUND OF THE TEST PROCEDURE
‘In 1980 a Canadlan Gas Ass001atlon standards commlttee
inCIuded coverage in the central furnace standard deslgned
to encourage the purchase of energy efficient appllancesq
" The amendment regulred mandatory labellng Of each appllance
lndlcatlng the actual output capacity (energy 1nput mlnus
the flue losses) as determlned accordlng to a prescrlbed |
test standard It was felt that this marking would prov1de
the consumer wlth some guidance when slzlng a furnace for a

o

particular bullding and that it would serve as a reference - ‘
for comparing relatlve ‘furnace performance. | |
The cdmmlttee later recognlzed that the requlred marklng
accounted for ‘the furnace s performance only under steady |
.state condltions. It was therefore necessary that the
existing‘test standard be rev1ewed and expanded to allow for
ghe determination of a seasonal effic1ency wh1ch would |
a&%quately account for and give credit to. spec1al features
such as automatic vent dampers, spark ignition, condensation-

capability, and so on. The Canadian proposed test standard
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was developed after an extensive revxew of the, Unlted States
Department Of Energy seasonal test standard for furnaces and
boilers (NBSIR 78~)543) The current reV1sed edftlon of tne
standard is tne CAN1~-P,1-85 entitleq Seasonal Gas

Utilization Efficiency of Gas~Fired Central Furnacesﬂ

| : . .
2.2,2 ~ DESCRIPTION OF THE TEST PROCEDURE

| At present the CAN1-P.1-85 test procedure is offered to
‘Canadfan resfdentlal gas furnace manufacturers only as an
optlonal procedure for use' 1n making representatlon of
»energy consumptlon or energy effxcrencx\ Unlike the steady
| state performance evaluatlon outlined ln the CAN/CGA~2.3~M86
referenced earller, the evaluatlon of seasonal efflclency ls
not a mandatory requlrement.

The CANl”P 1-85 test procedure essentlally\provldes a
method of evaluatlng seasonal efficlency, a flgure whlch
represents the dynamic performance of the. unit. and one which
accounts for varlous energy saving features incorporated in
the de51gn. The procedure uses a’ flue loss method for
determlnlng first the steady state and then seasonal
‘eff1c1enc1es of the unlt Flue gas temperatures and Coé
levels are measured within the furnace stack whlch are in
lturn used to determine the losses assoclated wlth the

P

partlcular furnace design.

STEADY STATE TEST

During the steady sState test, the furnace under.
' ) ' ] ' . I . i
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investigation is operated sontlnuously until steadymstate
operation is attainedh. The peak flue gas temperatures and
CO2 concentratxons are themn measured as is the rate of
natural gas energy input It the furnace happens to be a
condensing model, condensate lS COllected for a speCifled
amount of\time and weighed to determlne ‘the rata of
condensgﬁlon. From these measurements are calculated the
percent loss of sensible heat (Ls . ss.a)» the latent, heat

loss (Lp a) ana, if applicable kcondenSing), the latent beat

gains (Lg gg)-~ These losses are then combined to arrive at

the steady-state efficiency of the furnace;
« C A ‘

"ss = 100 ~ Ly A - Lg ss.a* Lg.ss ~ ka.ss

+
LS

q
[

In additionttp the hogma} energy loss due to the venting of K
high tempéfature{flue gaél the sensible heat loss term

(LS ss.a) also includes losses as;oclated with excess air

and dilution or dreft-hood alr. The final term ih”the
expression 1L¢ Ss) represents, for a condensing furnace, the
enerqgy lost due to condensate g01q9 down the drain at room

~

temperature. '
}éEASBNAL,EFFICIENEY TEst

To dete;mine the value of furnace seasonal efficiency, a
testibéocedure must be'psed which aecounts for system losses
‘occurring as the fesult of furnace cyciihg. The procedure

nust consider‘the :low‘of,room air through the‘heet
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exchanger and draft assembly during‘both operation and
inoperation and must enable determination of the impact of
these flows on air inFiltraGibnh"

The seasonal performance test requires that the flue gas
femperature versus time profiles be determined while warming
up from a cold start and wnilé'COOliné down from
steady-state. From these prgfiles,'effective flue gaé
temperatures may be calculated which, together with certain -
' factors describing flue and stack flowrates (functions of
furnace design), may be used to evaluate the dynamic syséem
losses. Specifically, these los$es are the sensible heat
 losses during the on and off periods (Ls  on énd LS.OFF) and
the corresponding infiltration losses (Ly.on and Ly opp)
imposed on the structure, If the furnace is a condenSiné
model, a cycling test is performed in which the furnace is
cycled several times under a simulated load factor of 22.5%.
Following each cycle the condeﬂsate is collected and weighed
to determiné the latent heat géin,pnder part load operation
(Lg) - These steady;stAte and dyhamic losses are then
combined with the latent loss, the latent gain (if
condensing) and the pilot light loss during the nonheating

season, if applicable, to yield the Seasonal Gas Utilization

Efficiency (SGUE): ' .

* 14
SGUE" =100.- Ly p = (Lg on * Ls.orr * L1.on * L1.oFF )+ Lg

* - As shown, SGUE assumes no pilot flame for simplicity.
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In arxiving at this value of seasonal efficiency,
certain factors mu8£ be assigned such as the averagé annual
heating degree ‘days, the average indoor and outdoor
temperatures, the inflltration parameter, and so on. The
results of this test metnod therefore do not necessarily
‘represent the actual efflciencles which might be reallzed in
the field, but rather ensures the repeatab;lxty of results

enabling true comparison of relative furnace performancea



CHAPTER 3

ANALYSIS AND RESULTS OF FURNACE PERFORMANCE
\\ - \ . ]

Seasonal efficiency, as described in Chapter 1, is the
most meaningful measure of furnace efficiency from the
stan&béint of the consumer because it most accurately
rgflecﬁs the cost of home heating. Evaluation of such a
© parameter chéfacterizing long tgrm performance requifes
‘either that the furnace's operation be observed under actual
field conditions over an extended period or that it be
monitoréd éccOrding to a carefully controlled test procedure
designed to simulateilong term effects. The first part of
this chapter will deal with the evaluation'of furnace
seasonal efficieqcy according to the first method, namely by
the énalysis of £ieid data acquired from tﬁe in situ
operation of each unit. The field test method will not focus
on‘the furnace and 1£s immediate iosses but‘rather on the
énergy gains and losseé associéted with the heated modules
within which they are installed. The sesond part of‘this ‘

[
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chapter will look at the furnace performance evaluation

according to the CAN1-P.1-85 laboratory test standard.

3.1 ANALYSTS OF FIELD DATA " ;.

Results obtained from many similar studies of in situ
gas furnace performance suggest that the task of obtaining
an accurate value _of furnace efficiency while monltoring
only the obvious affecting parameters of interior
temperature, exterior temperature, and purchased energy‘is
much more difficult than it may appear. What is often
overlooked is the significance of the other climate'related
parameters such as radiation and infiltration. ﬁhat has been
discovered in this study is that, because each of tnese
parameters does provide a measurable contribution to{the
~ overall balance of energy in the structure, they cannot‘be‘
simply overlooked. ‘ " |
3.1.1(a) EFFICIENCY EVALUATION THROUGH DIRECT COMPARISON

OF TOTAL ENERGY TRANSFERS DURING ON/OFF WEEKS

For any heated structure the energy input necessary to
maintain room temperature is dependant on the thermal
characteristics of the building envelope and on the severity
of the climate or ambient conditions. While the ambient
conditions may be described in terms of outdoor temperature
wind velocity: solar intensity, and so on, the envelope
characteristics‘determine'the building's response to these
conditions: its ability to resist loss and to utilize gain.

Figure 3.1 illustrates the various energy gains and losses
o‘ . -
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Solar radiation,
gain (QR)

Air Anllttratﬁon
loss (QI) :

Above grade
}———e conductive

loss (UA"~aT)

]

Below grade

——a— = conductive

loss (QB)

Natural gas input (QG) __;—} (____ Electric power input (QE)

FIGURE 3.1 Energy Gains and Losses of a Typical Structure,

»
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that are typically associated with a heated étructure.‘what
is fundamental to the analysis of field data is that theln
energy losses, shown asaair infiltration‘and conductiye.
losses, are in fact balanced on average by solar radiation
and the purchased energy-inputs ofigas and electficity."'
Above‘grade‘conductive loss, typically the major
component of energy loss,‘is a function of the overall
, conductance"of the structure.and the indoor-outdoor
temperature difference; The indoor—outdoor temperature
difference,‘AT is defined in terms of the product of fehe
indoor-outdoor temperature difference and the duration of
heating demand and is measured‘in units of heating degree
days (HDD). The term is comnonly used as the‘basis for
defining energy consumption in houses and is of particular
use when comparing energy consumption between different
structures and different time frames as will be discussed -
shortly \The overall conductance, or UA, is a property of
the physicél structure which describes the building's
resistance to heat loss. Because-a building is normally made
up of a complex assembly of materials inciuding"doors,
windows, multi- layered walls and ceilings basements 'and so .
on, the term UA conveniently describes_the equ1valent ‘
,thermal resistance of the'gn;ixg structure. If basement loss
l_is'measured separately, UA may ﬁe interpreted as |
representing only the abowe'grade'portion,ofithe structure._
Because of the comprehensive nature of the ternm, the

' )
value of ua - is not something easily measured. It may,
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however, be estimated though a number of technties.lOne

N

such‘method‘réqﬁires the:a;ailability of reliable data .
describing the structural energy gains and lossas‘discussed‘
' earlier. | |

| . Notice in Figure 3.1 that if elecﬁripallpeating is
employed,"UA becomes thg only uhknown paraﬁeter. Under‘such‘:
a condition, 'UA may éasily be solved for b; consigeping the .

energy balance of the structure.

ENERGY LOSS = ENERGY GAIN

UA*AT+QI+QB = QE+QR
' 'or rearranging:

QE+QR-QI-QB

UA ~ . (3.1)‘\
AT o : :
“Because»UA is a property of the strdéture,'its valué may
be assumed to remain constant with. time*. The:eforé”if the
. struCtﬁre is ﬁeated peffodically with natufalfgas onvﬁfone
. Wweek on - one week off cygle,ythé value of UA may further'Se
as#umed to be of'equalsialue between the on and off time |
frames. (Thé'térmé "on" and "off" throughout the :emainder:
' of this text will refer to the‘gésNheating‘and electric ‘
heatihg periods reséectively). If éomﬁarison of mddule
éeffoﬁmance'béthen tﬁe two time frames is;made on the basis"

* - The thermal resistance of some building insulation.

" materials is known to vary slightly with temperature
and/or age. For the purpose of this study. however,
these variations may be considered as negligible.

L}




48
‘of‘UA similarity, the‘actual value of UA becomes immaterial
and the comparison enables isolation of the only remainingn

g unknown, namely n or: furnace efficiency.

il

UAOn UAoff

6Ton . R AT
or rearranging: } : Co - o
1 [ (QBoee*Q@Roer~QToee~Boer) ()
n = ‘ *ATOH
QGgn | ATof ¢ ; r
(QEon+QRon-QIon-QBoh{] (3.2)

(summation of each term over time is assumed)

IIn theory, this technique may be applied to data
‘representing any testrng time interval (daily, weekly,k

etc. ) However, when applled to’ the eXisting test data the

; method dld not give satisfa ory results in the short ‘term.
Weekly comparisons delivered very poor results often

- producing unrealistic values for furnace eff1c1ency (between‘
60 and 100% for the standard furnace and between 80 and 140%
for the high efficiency models) The inability to accurately |
measure hasement ‘heat loss and to properly quantify the

overall influence of solar radiation was assumed

responsible.
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A long term comparison‘was then. attempted Whereby
separate tallies were made of all'on and off period datav

R}

covering the full test session of each furnace. These long
\term groupings were then compared using the same’
relationship (Equation 3.2) and were found ta give much
better results. These are shown 1n Table 3.1.

These calculated values, ‘approximations of seasonal
efficiency, appear to be generally higher than expected for
those unlts tested in Module 4 This result is presumed to
‘ be due to additional heat galns occurring beyond the furnace
heat exchanger in the uninsulated section of flue pipe

connecting the furnace to the vertical B-vent (insulateq)

stack. Calculations found in Appendix A with respect to thev"

iAerO Turbo show energy recovery from the 2.5 m length of 10
cm diameter plpe to be highly 51gnificant representing an
apparent eff1c1ency increase of approximately 2.5% due to
sensible gains and an additional 5% due to latent recovery

‘(Similar calculations not -shown 1n the appendix, 1ndicate
apparent eff1c1ency increases for the ICG Standard and
Conservef models of approximately 3% resulting from sens1b1e

'

gains. BecauSe of the higher mass flowrates however, exit
¢ . -

temperatures from the uninsulated flue section are typicallyﬁ
much above the local dew-p01nt’negating the p0351bility of
latent recovery for these two furnaces) Results for the
remaining high efficiency units appear somewhat scattered
suggesting perhaps inaccuracy in the data and/or the

improper quantificatibn of certain parameters.



TABLE 3.1

FURNACE EFFICIENCY RESULTS FROM DIRECT
COMPARISON OF ON/OFF PERIOD ENERGY
TRANSFER TOTALS.

.‘/

FURNACE' . OBSERVED IN STTU

EFFICIENCY

%)
ICG Standdrd 'i,‘ | 71
ICG Conserver . 80
Airco Turbo.l 91
ICG Ultimate B 97

“Lenhox‘Plee - | 98
Amana Energy’ . 92

‘'Command

* - Calculations assume equal basement
heat losses between gas furnace on
and off periods thus enab11ng
cancellatlon.
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As indicated in Table's{l;’tne given results make use
of a certain assumption regarding basement heat loss. The
assumption in general states¥that long termFAyerage‘basément
heat losses occurring auring thelgas furnace on periods are
of similar magnltude to those occurring duxing the gas’ "
furnace Off periods thereby~enabllng them to effectxvely
cancel each other out, It was necessary tO‘employ such an
assumption sgnce difflculties were encountereq in properly
quantifying pasement heat losses. The equipment used at the
-vtest site to measure basement heat 1oss was only:capable of
méasdring one)dimenséonal heat' flow even though the actual
flows were known to be both one and two dimensionaI;
Measurements taken were found to be generally inacourate and
not representative of theltrue magnitude of the occurring
'losses.‘Furthermore, because basement heat loss‘data Qas
| being recorded only,in'Module 4 of the furnace test'modules,

the losseS'innModhle 3 could only be estimated from this

.data on theqbasls of insulation simllarlty (refer to Table

,f
‘Y\

s il

Justlflcatlon for the treatment of basement heat loss

2. 2).3“

~in this manner is as follows. For a typlcal re81dent1al
‘basement conf1guratlon, there is exposure -of “the’ basement'
,exterlor surface to two separate env1ronments namely to
ground and to' atmosphere. Below grade, heat loss is
dependant'on the ground temperature. In the short term,
because of the high thermal capacitance oflthe soil, random

fluctuations‘in ambient temperatures‘are largely attenuated
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A

and thereforetgenerally not observed, What ig‘observed is a
more predictabie seasonal variation closely related to the
long term or average ambient behaViorA As a result the
weekly change in below grade temperature and therefore
basementzloss may be assumed to be very smalla :
Correspondingly, the long termAtotals of .these on and off
periOd losses'may be viewed as being of equal magnitude,

thus enabling the effective cancellatior, of basement heat

1

loss from Equation 3.2. . Lo o
Unlike 'the below grade structure, the above grade

pertion is directly exposed to atmospheric conditions and is

v

highly dependant on ambient,temperature change. Bec&use of

the relatively low, thermal resistance of the basement wall

(see Table 2.2), the above grade basement heat loss is of

v

' high significance. The actual measurement of thls above

grade component however, is not strictly required since,

R

, according to the nature of the analy51s, 1ts effect may be

automaticaliy included in the value of above grade UA.

“

3.1.1(b) EFFICIENCY EVALUATION THROUGH COMPARISON OF
'ENERGY TRANSFER TOTALS WITH MODULE 5 ‘

4

' The prev1ous analysis essentially provided’a‘methbd of
comparing data between two separate tlme frames, namely

between the weeks that the gas furnaces were in operation
-
and the weeks, that electric furnaces were in use. It is’

' "

possible that certain parameters, thougb carefully measured

or r

_were not being properly quantified. The random differences

in the ambient conditions occurring between the two time
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frames may not have‘been fully accounted for, KESultinq in a
- certain degree of exrror. To overcome this diff;culty,n
comparlson of data wmth that of a reference would be of use
enabling evaluation accordlng to common time frames,
| - As described in the first Chapter, Module 5 is the .
qrefefence module for the test facility and is used to .

' gauge .the relaﬁive performance of all the other unitea Thév

" method of comparing the enexgy requxrements of Modules 3 and

4 with that of Module 5 is very sxmxlar co that outlined in

the previous sectxonﬂ n thls method, however, values Of UA

are jcompared between structures rather than between time
frames. During the gas furnace of £ perlods, the ratio of UA

bet een the test mOdules and the reference xs established.

o DPoge  (orrtQRorrQloeeQBore) /0Toer

o

Th1s ratio is then applled to the data from Module 5

whijch is 001nc1dent with the gas: furnace on perlod to obtaln‘

1 N . L

- UA

Aequiv = UAs5 on * K

oh

Finally, thls UA equivalent is compared with the actual

f rnace test module on period data. The resulting equation
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As once again manipulated to isolate the only unknown
parameter, n or furnace efficienay. - X

.

. I . UAg, = UAequiv

"Q?on*QEon*QRon”QIon”QBOn

= UAe uiv
. ATop 4
1
n s . |V equiv aTop (QEon QRon~RTon~QBop) (3.3)
QGgp .

One minor difficulty in applying this analysis stems
from the fact that Module 5 has no south facing windows
'which up to this point has been the baeis for estimetiné the
sclar energy input to eachlmoduleg Direct beam solar ‘
rradiation'is among the forme of eclar radiation monitored
continuously at the test site. The overall solar radlatlonﬁ

gain to each module approximated by multiplying th1°

radiation componeft, measured in units of W/mz, by the total
south facing wigdow area. Althbugn there is no south facing

5, there is sufficientvevidence to suggest

"that,radiationpdbes in fact influence the heating load of.

5

the. structure. Nonetheless, because of the Lnablllty to
properly quantify its impact the radiation input to Module -

5 is‘assumed to be zero. iven so, the results, shown in

¢

Table 3.2, are reasonable and in deneral show agreement with

':fanticipated values. The somewhat high values of efficiency-

§ , (



TABLE 3.2 FURNACE EFFICIENCY RESULTS FROM COMPARISQON
‘ OF ENERGY TRANSFER TOTALS WITH MODULE 5.
FURNACE : OBSERVED IN SITU
EFFICIENCY
(%)
I¢G Standard 68
. % pr
ICG Conserver 78
Airco Turbo 90
ICG Ultimate - o, 91
Lennox Pulse 96
Amana Energy . ‘ 92
Command

Calculations assume equal basement heat
losses during gas furnace on and off '

- periods thus allowing cancellation.

Module S solar radiation input assumed
to be zero. .

55
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fér the units tested in Module 4 .again reflect the heat
gains occurring in the uninsulated flue pipe joining the
furpace and B-vent stack. As in the previous analysis,

cancellation of basement loss was again assumed,

?
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3.1.2(a) FURNACE EFFICIENCY OBTAINED USING A LINEAR
: REGRESSION TECHNIQUE ,

The method of analysis up to this point bas involved
the direct‘Compapison of the test session totals of data
obtained during the gas furnace and electric furnace
operating periods. The analysis which follows involves a
more statistical approach to the solution and makes use of
linear regression on the same two groupings of data.

The method of direct data comparison, as described in
Seotion 3.1.1, is illustrated grapnically in Figure 3,2,
What is shown is a plot of effective energy utilization
against heating degree days. The two points-a and B plotteo
in the figure represent the test session totals of
structural energy utilization during the gas furnace on and

off perlods respectively. These points may be wrltten as:

. A= ”QGon+QEon+QRon'QIon_QBon ¢ 0Ton )
and B = (QEope+QRoee~QIore~QBorr + ATorr )
The lines extendingito each point from the origin represent
‘the theoretical or ideal progresa&on of the cumulative -
‘totals. What is of particular 1mportance is the slope of the
electric heating line since it represents the UA.of the
structure according to Equation 3.1;~If the value of UA is
to remain constant it is reasonable to expect.the slope of
the gas heating 1ine to be of the same value. Consequently, .
the operation of matching the slope of the gas heating line

to that of the electric heating line is analogous to the



(kW) -

LonN

b)

Effective Erergy Utilizat

100.0 120.0 140.0
5 1 1

80.0
1

. LEGEND
o = Electric furnace
s = bas Furnace

20.0

0.0

T

0.0 2.0 40 6.0 8.0 10.0 12.0 14.0 16.0
| Heating. Degree Dogs (>100)

FIGURE 3.2 Graphic Illustration of’ the 'Method of Direct
Comparison Showing the Test Session Totals of

Structural Energy Utilization.
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method of comparing UA's and the result is the identical
expression for furnace efficiency, Equatien 3.2.

There is, however, one inherent flaw in this analysis
and that is that the slope ;f each line relies absolutely on .
the value and position‘of the endpoint. Because the positionr
of each endpoint is directly‘affected by the contrihution of’
every.data point, it is cledr that the presence of even a
small amount of poor data‘could'significantly affect the

accuracy of the final result. A much better assessment of

the slope of each line could be made by performing a linear

'regression on the same groupings of data.

Figures 3.3 through 3.8 show the actual results of,
linear regressions performed on the daily totals of fleld
test data for each of the test furnaces. In each figure, the
difference in slope between the gas and electrical heating'
lines 1ndirectly reflects furnace efficiency, a larger |
difference suggesting lower efficiency and a smaller
difference implying higher efficiency. By adjusting the

unknown term, n, the slope of the gas heating line is

altered until it is equal to that of the electric heating

line. The: final value of n required to obtain this match is
recorded as the’ apparent furnace efficiency /
Results from this analysis are shown in Table 3. 3 For

the three high efficiency furnaces, the results show good

‘correlation with expected values. For the remaining .

furnaces, those units tested in Module 4, what is again

clearly observed is the large increase in apparent o,
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TABLE 3.3 FURNACE EFFICIENCY RESULTS FROM LINEAR REGRESSION
LE
' ANALYSIS ON ON/OFF PERIOD ENERGY TRANSFERS

FURNACE | | SLOPE  APPARENT
\ | ‘ IN SITU
ELECTRICQ . GAS . " EFFICIENCY
. (W/HDD) (W/HDD) (%)
1CG Stand5¢% 81.6 109.2 72
ICG Conserver ~ =  86.8 ' 104.4 79
Airco Turbo 87.5 92.4 N '93
ICG Ultimate = 52.6 55.7 . 93
Lennox Pulse 1. 45.3 ‘ 46.8 96
Amana Ehergy‘ , C47.2 A8.9 95
Command- r ‘ ‘ ,

* - Calculations assume equal basement heat losses. between
gas furnace on and off periods thus enabllng cancellation
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efficiency bccurring as the result of the uninsulated |
section of flue pipe connecting the furpace to the B«vent
stack. Of particular significance is the value of efficiency
obtained for the’ standard furnace of’ 72% much hlgher than
the. normally quoted seasonal value of between 50 and 60%., As
wall as the possible 3% efficiency increase occurring with
respect to the exposed flue section, there 15 undoubtably an
additional gain arising from the energy released by the free
standing_pilot flame (approxlmately 17% of the total average
xurnace output for this structure —~ gas plus electrical} |
Although some of this energy would necessarlly be recovered
due to the continuous operation of''the circulating blower,
the extent of this contrihution 'is difficult tao estimate.

" 3 1. 2(b) FURNACE EFFICIE&%i OBTAINED BY APPLYING 'THE
’ \ LINEAR REGRESSION TECHNIQUE TO MODULE 5

) This same general technique was applied to. the data ~
from Module 5 to again enable comparison of the test data a
betWeen common time frames. The method that was developed is
once again essentially identical to that outlined in Section
3.1.1 except for the way in which the value of UA (slope in
this case) is evaluated During the gas furnace,off perlods
the ratio of slope between the test module and Module 5 ‘is
:’established. During the gas furnace on‘period this ratio
(K) is multiplied by . the slope of the coincident Module 5
line to obtain ‘a new line having a slope representing the

equivalent off period UA. This is the slope to which that of"

~ the gas “furnace on ‘1ine #s adjusted. Again, ‘the final-value
N _ o :
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'.Tﬁé)Vglges of efficiency obtained for the Airco Turbo and

‘7‘): ‘ . LY i L) I 68 \
of n réquired to obtain the match is what is recorded as the

apparent furpace efficiency,

— A

Figures representing the analysis are not includéd.

However, the slopes of the various lines and the resulting

ef§101ency calculations are listed in Table 3.4. These

results reflect similar findings to those discussed earlier,
5 5 \ . / N

‘ the Amana‘units are ‘soméwhat questionable because of the

the on and off test periods.

relatively large differendé'in Module S5 UA ohserved between
: "‘ 0 .

a

»

. v A
’ “ ' * .

\



69

ndut uotryetpex Ie10S G @TNPOW ‘UOT
PU® UC adeuany seb ulamilag ssol 2

®

»mﬁwooCmo w:ﬁﬂnwlﬁ
e3Y Jusauaseq  tenbs

.

“ v “

-
o

-

019z 9q 03 paunsse
%nmuwzu,mnoﬂ»mm 330
ouUnsse suUOTIRTNOIRD - «

.

‘ ] . o purumo)
Z6 6°8¢ 29¢% 8 CZIT Ty -0, S'9TT LY - Abxaug euRwyY
86 8°9¢ LSV S TIT Y0 T°0TT €°GY 8sTnd xouus] .
€6 LSS £°2s 6°L0T 6¢°0 0°80T 9°2§ ®IBWTITA 9OI -
. @ : - , - ;
06 v 26 9°%8 - 821 SL'0 S'9TE . G°'/s8 oqany, osxty
" o8 ¥ %01 T°88 G TTT 6L°0  T'OTT  g-9g um>uwm¢ﬁumu&ug
’ - A
zc 2601 028 6<L0T 9.°0 . 0°'80T1 9°18 PIepuels 9OI-
(%) (@aa/M)  (Qau/M) (aau/#) - - (aaH/M) . (aau/m) AT
XONIIDIddT SY2Q IVOINIOATI .  FTINAOW - TINAOH ~ TINGOW i s
TYNOSYIS INITIAINOT FONIUTITA - TAONTYIIAY .. ISIAL L
INTAYIIY . S3d01s - \ € F - S4d0TS JOVNuNg -
. ~ S

JOI¥3dd OSNILYIAH SYO

- QOI¥dd- ONILYAK OTHIOTIZ

-

« § TINAOH HLIM NOISSIYOIY dYANIT WOHd SLINSIY XONIAIDILAT JOYNENS |

v ’ u -




70

3.2 LABORATORY FURNACE TESTING

The CAN1-P.1-85 laboratory test standard for furnace
" seasonal efficiency was described in section 2.2.0,
Essentially, the method predicts seasonal efficiency by
‘,simulating seasonal operation of the unit. The method simply
requires the measurement of warm up and cool down flue gas
temperature profiles, the flue gas Co, 1evel, and the rate
of condensate production (for high efficiency models) to
enable the estimation of furnace performance as wouldibe

~

expected in a' real use situation. \
The steady state and seasonal efficiencies as predicted
by the CAN1-P.1-85 test standard are shown in Table 3.5. The
steady state results for the ICG Standard, the ICG conserver
and the Airco Turbo were found to be 72%, 69% and'81%
_respectively; significantly lower than the rated values of
77%, 77% and 84%. The 3$;difference inlmeasured efficiency

between the ICG Standard‘and'ICG Conserver (which under

steady state should haverbeen negligible) was attributed to

. the difference in primary air adjustment The flue gas co,
‘levels were measured as 2 6% for the Standard and 2. 2% for

the Conserver. The fact that the furnaces did . not achieve

the- level of performance indicated by their ratings was most -

-

-likely due to poor burner performance under low atmospheric

pressure caused by the relatively high altitude of the test

site (720 m above sea- ievel) The calculated seasonal

BN

e

efficiency results for the same three furnaces were found to

e lower than those observed in the field. This was expected



TABLE 3.5 SEASONAL AND STEADY STATE EFFICIENCY RESULTS
OBTAINED ACCORDING TO CAN1~P.1~85 LABORATORY
TEST STANDARD., -

FURNACE STEADY STATE SEASONAL
EFFICIENCX‘ EFFICIENCY
(%) (%)

! TCG Standard 72 67
ICG Conserver . 69 76
Airco Turbo 31, 83
1CG Ultimate 92 - 92
Lennox Pulse 97 ‘96
Amana Energy 96 95
Command

4 .

71
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since the test standard did not reflect the external gains
observed in the tiéld'meésurements (uninsulated flue
‘section); Névertheless, the ICG Standard still performed
better than expected producing a seasonal eféiciency
according to the test standard of 67%. The result is of
particular‘éignifiqénce since it affects the economics of
' the other uhits: ] S | ‘, : , o .

In genéral, the steady state results for the three high.
efficiency furnaces show good agreement with the rdtings for
" each unit (refefuto Table 1.2). Also, the predipf%dfvalues
of seasonal efficiency éppear to be very similar to those
val#gs measured in thelfield sUiggesting that the CAN1~P.1485.
. seasonal test proceaufé couid in fact be used:to make

-

reasonably accurate predictions of.actual furnace

: pe‘ormapce. ‘ L
.. . : Y



S b
W

CHAPTER %
t i ' \ o ‘

EFFECTS OF FURNACE OPERATION ON AIR INFILTRATION = .*»

, W
0 . . TS
o A an . ferp
. | . s Hap oo e pu

Most residential gas ‘furnaces are designed for .

*»

installation within the confines of the, conditioned space%;

1f combustion‘air;angéor draft air are not dlrectly brought

. in from outdoors, these units must consume conditioned _room
air which must then be exhausted through‘the stack: To make
up for the loss, outdoor air must‘be'drawn into the

K

residence causing an 1ncrease 1n the 1nf11tration rate and a

corresponding 1ncrease in the energy loss of the structure L

A standard 60,000 BTU/HR (18 kwy natnral gas furnace'
can’consume as much as 270 ft3 (75 m ) of indoor air per
hour while operatlng at’ steady state (assuming 110%.excess ’
a1r and 250% dilution air) Under normal conditions however

a furnace isiarely loaded to the point of sustained steady

state operation. The average seasonab load may be " closer to
15% and- the consumptyon of combustion and draft air
'cprrespondingly lower\ The actual extent of reduction in

‘.1nfiltration'however may be»ditficnlt-to estimate.81nce,tne

. NIRRT
- o ]

ot
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imposed infiltration increase is further influenced by l“
factors such as the sizing, the method of ignition, the
tightness of the structure, and so on. Althougﬁ this section
will not attempt to draw any relationships'between
infiltrationyand these influencing parameters, it will
Ipresent the effects on air infiltration that were observed

.e“*‘f

v during the testing of each furnace.

4.1 WEEKLY INFILTRATION LEVELS

- Among the parameters‘monitored continuously at theﬁd
test site are the rates of air infiltration for each module
A constant concentration of sulphur hexafluoride tracer ‘gas
is maintained within each unit by injecting known volumes of
gas into the return air duct of the heating system. The. rate

of infiltration is then readily determined knowing the volume

of tracer gas used. - 3 : | S
' 3

Figures 4 1 through 4.6 are bar graphs sh0w1ng the

average weeklyjresponse of air infiltratiqp to gas furnace !
RN 1 ay
: operation. In“each figure, gas\furnace heating es

P

represented by cross-hatched bars and electric heating by ) .
unmarked bars The measured infiltration rates are
normalized with repect to the reference module and

correspond only to windspeeds of les than 2 m/s :

(approximately 35% of the data - s‘ructural air infiltratlon‘
is a highly nonlinear function of windspeed (11)) These A‘* wﬁ
measures help to isolate the furnace influence by largely-~

Nyl

alininating tha affect“of wind variation What is observed

e
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from\these figures is' the~expected result namely that the"

| the rate® of Anfiltratmon Occurrlng durlng gas furnace .
Operat % are on' average hlgher than those correspondlng to
electrlc heatlna}periOds “This is a reasonable outcome when

COnslderlng tite fact that seasonal’ efflcxency is in part

;r\ .

related to rate of consumptlon of room air for combustlon

ana draft control~ the " greater the rate of consumotxon, the

!

' lower the effxclencyp

One partlcular observatlon m;§ be made regardlnq Flgure

4 . l for the standard furnace,,Durlng the frrst two weeks of
~electric heating, the pllot flame was allowed‘to remaln'

»

g'burnlng What is seen ln the results of Flgure A. 1 is that‘
?jthe rate of 1nf11tratlon duﬁlnq thls furnace off period is
‘ﬂvery slmllar to that occurrlng dunlng the weeks oﬁ furnace

“operatlon Thls would suggest that the pllot flame may

contrlbute 51gn1f1cant1y to lncreaslng the offkcycle staek
L ”~\ .

,flowrate and therefore inflltration.tFnOm the nature of thlsy

.

fnflgure, one mlght assume - thls to be slmply coincldental,
1 however, re—examlnatlon of the data correspondlng solely to .
) 1 )_ 5 )
' weeks when the gas furnace ‘was in: operatlon suggests 51milar‘

i

':flndlngs as w1ll be shownulater.

LU '
, A, . \

Notlce in Figure 4.2 that the*ICG Conserver displays a

lower rate of 1nf11tratlon durlng perloas of gas Heating

ncontrast tof“

!

than in perlods of electric heating in dif_}

v

;because the flue damper was bypassed dhring eleetric heatinq

»”weeks allowing it to remain continuously open Had the'

'
e
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damper remained closed during the electric heating periods,
there woulq\most_certéinly have been a reduction in
Anfiltration during those periods as was the case during the
sixth and eleventh weéksA What is demonstrated by this ) -
figure however is the dramatic reduétion in Air infiitration
caused by the Qse of a flueqdamper or equivalent off~-cycle
flue obstruction./In relatiog to the resu1t$ of the standard
furnace off~cycle, the .drop in infiltration resulting from

‘the use bf the flue damper is between 30 to 40%.

[

4,2 LONG TERM AVERAGE IFFILTRATION LEVEis

The actual influence of furnace operétion on air
infiltration is dlfflcult to assess on the basis.of Figures
Al throuqh 4.6 alone particularly when considering those
_representing the hxgh efficiency condensing furnaces, the
ICG Ultimate and the Amana Energy Command. (The Lennox Pulse
is expected to show no influence sincelit draws its |
combustion air from outdoors). For this reason, the
infiltration d?ta was reconsidered on an hour by hour basis
and was regrouped iﬁ terms of burner opération and
inoperation. Certain periods of data were excluded 1nc1uding
the flrst two electrlc heatlng weeks for the standard
furnace and all of the electric heating weeks for the
lconserver in order to obtain an accurate assessment.. Table =~

4.1 shows the results of this assessment. Listed are the

full test session‘averageé of these new groupings and the
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TABLE 4,1 - EFFECTS OF GAS FURNACE OPERATION ON AIR INFILTRATION,

FURNACE RELATIVE INFILTRATION INCREASE DUE  INCREASE IN
TO FURNACE MODULE
ELECTRIC CAS OPERATION ENERGY LOAD
HEATING HEATING (%) ) (%)
MODULE 4
ICG Standard 0,47 0,66 40 8
a b b
ICG Conserver 0.55 ’ 0,40(,26) AL (-35) 2 L~7)
Alrco Turbo 0,35 0,39 d’ 11 2
MODULE 3 ‘
ICG Ultimate 0,25 0.29 . 16 3
Lennox Pulse 0,23 0,22 Y . T-1
Amana Energy 0.27 0,28 4 1
Command

[l

a ~ the measured value of relative infiltration occuring during gas
furnace off hours within the gas heating weeks.

b - shows the measured_geduction in Module 4 f{nfiltration and' energy
load resulting from the blockage of the flue by the vent damper,

N N

\\



reéulting infiltration inoreases calculated as the
difference between the on and off~c?cle test session
averages divided by the Lff—cyc]e value. Also 'shown ar; the
corresponding increases [in module energy requirement baééd
on the meastred historic values of energy loss associated
with air infiltration in each test module (2]

What is again generally obse:ved from these results is
that the lower the sea§onal efficiency of the‘furnace;:the
greater the effect on the infiltration rate.

One unexpected reéult is the 'apparent reduction in
Module 3 infiltration pbserved during the Lennox Pulse gas
heating period. As merll/tioned earlier the Lennox Pulse does
not use indoor air fof combustion but rather draws its ‘
‘cd%bust{on air from o tdooro. The observed reduction of 4%
therefore is assumed to be a case of measurement error
within the resolution of the monitoring systen. Similarly
therefore, it is recommended that the results aésociated
nith the other furnaces be viewed as representativeirather
than exactt ‘ |

Notice also in Table 4.1 the ,values within brackets 'for
the ICG Conserver. These measured results are isolated in
order to 1llustrate the reduction in structural infiltration
and energy ‘load obtained by installing a furnace that
largely reduces the off-cycle loss of room nir. For Mo&ule
4, these reductions are shown to be as high as 35% and 7%

respectively It is important to realize however that

these energy 1oss improvments are not over and above the
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savings made possible by the installation of a higher C
afticienqx furnace but rather that these effects are already
incorporéted into the measured vaiue of seasonal éfficienéy

for .each unit.

'4.3 INFILTRATION AND FURNACE ON TIME

S

Perhaps a more meaningful way of illustrating the
‘efte;t of furnace operation on dir infiltration would be by
presenting it in ﬁerms of furnace on time. It is likely thaﬁ
there is a’relationship between infiffration increase and
furnace on time when consiaering for example the coﬁbusgion‘{
ait requirément as the Qnit approaches steady state |
operation. This. section will mot attempt to directly
quantifx such a relationship but it will look at the -
apparent trends ahd wiil make observations gompiimenting the
.results of the previous sections. L
Thé infiltration test data was again considered on an
hourly basis with windspeeds of less than 2 m/s. For each
‘test furnace, thélrelative,infiltration rates were plotted
against percent furpéce on time where the percent. furnace on
time yas‘éstimated as the ratio of hourly gas consumptién to
the potential hsurly,gaé consumption at stéédy state.'The
reéulting plots are shown in:Figures 4.7nthrough;4.12. In
each figure, two dashed lines are used to indicate the méan

infiltration rates as‘measured during the gas heating period

(the on-cycle) and electric heating period.}mhe numerical
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values'of‘these means gorrespond to those given“earlier in
Table‘Ail.hNotiCe‘alsé the points\plotted alonghthe’zero'
percent furnace on timeA.These'correspond to the hours“of
burner inoperation/during the gas heating weeks only.'ho”
data gathered during the electric heating periods are‘
“plotted in thefe figures.
Several significant observations mayhbe nade-from these u

/

figures Starting with Figure 4.7 for the iCG Standard‘ what

i

is found is that the operation of a pllot flame greatly

/ L}
influences the flue or stack flowrate during the off-cycleA
: /
This corresponds to ‘the observation made earlier regarding
'Figure 4.1. The average relative infiltration observed

/

during the off-cycle, represented by the plotted data

C/
corresponding to zero furnace on time, is approximately 0.59
/
ﬁ_implying a pilot driven 1nfiltration increase of more than

'//25% in this module.. Little further 1ncrease is observed
>/ during furnace operation. Even during heaviest activity, the
‘average. infiltration rate does not appear to significantly
/1ncrease from that of the off-cyc{e. There appears to be
only a very mild trend towards infiltration increase with‘
increased burner operationl .
Figure 4.8 for the ICG Conserver shows that
"vinfiltration was ' lower during the gas heating weeks than
4during the electric heating weeks..The explanation as given
a in the previous section is that the flue damper was allowed

to remain open during the electric heating periods. Unlike

~1fFigure 4 2 however, Figure 4. 7 shows that there was: a
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definite increase 1n\1nf11tration fﬁom'periods of burper
inoperation to periods of burner operation within the gas
heating weeks. ! ‘
Figure 4.9 for the Alrco Turbo, Figure 4.10 for the TICG
Ultimate, and Figure 4.12 for the Amana Energy Command, all
.show similar types of‘behavior to tuose demonstrated by the‘

~

Standatd and Conéetver again with varying degrees of effect
on infiltration. Ae discussed earliér, the greatest impact
is generally demonstrated by the furnaces havlng the lower
rated seasonal efficiencies..

Finally, Figure 4.11 for thetLennox Pulse shows an
unexpected But“appefently well definéd trend towards
. decrease in\relative‘infiltration with increasiﬁ% gas
furnace activity. RecaIl'again that tuis pérticular unit :
doee'not”uSe indoor air‘for combustioh. It is suggested that
-this behavior is ‘a function of the relat1ve tlghtness of. .
the construction between the test module and the reference

module :pther than of the furnace and its level of

y‘operation.



» . CHAPTER 5

URNACE ECONO S
Cbnclusions regarding the economic advantage of any one

furnace over another cannot slmply be made on the basis of

[ A

the advertlsed Seasonal efflclency Seasonal efficlency,
thlle offerlng a means of oharacterlzxng performance is at

N
best a poor measure of overall éconony. T6 properly assess
T

the potentlal sav1ngs con31derat10n must be glven ‘not only

to the reductlon in gas consumptxon but also to the 1n1tia1

A

cost malntenance costs p0551b1e increases in electrical

»

power consumptlon and so gn. Clearly, each of these‘

'unseen' expenséZ’mustjbe first recovered before a

proflt can be\reallsed.,

' Thls sectlon wlll look‘at the economlcs assoc1ated with‘_
the selectlon of any one of the study furnaces as’ a |
ureplacement of an ex1st1ng gas»furnace. ~The results
ﬁpresented will reflect the relationship betwéén true economy‘
Uand furnace efficiency and will be presented with respect to
,two separate Canadian cities, namely~Edmonton and Toronto,

~

94 - ' . ' .
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n

in order to demonstrate the sensitivity of these results to

differences in enexgy cost apd climate severity.

5.1 PERTINANT INFORMATION AND ASSUMPTIONS

The average annual natufal gas ponsumbtion figures for
Edmonton ‘and Toronto are 'shown in Table 5.1 both as total
consumption and as the portion used for home heating. The
total coﬁsumption figuré'for‘ﬁgmonton“was pr6vided by
Northwestern Utilit{es Limited in Edmonton, The same figure
for Toronto was estimated in relation to the value given for
Edmonton by considering the ldng termﬂaverage ambient
temperature relatiopship between the two centers. Home
- heating consumption was theh‘estimated as 80% of the total
gas usage with the remainder béing attributed towards wat®er
heating and use ip other'doméstic gas appliances.
; Féf each test fufnace; the initial unit costs,
including both thé §§£Ehase pricé of the furnace and its
installation;’werq obtaiﬁed by éathering estimates from five
localhheating contracters. The averaées from these five
edtimates are shqyp iﬁ.Table 5.2 rounded to the nearest $50.
Aléé,shéwn are the estimates of service life and
mginteﬁéhéé éost_asvused in thé economic evaluations.
;Ngticélthat‘these v#lues are fixed for each unit at 20 years
:fgﬁd 5107year respectively. The maihtenance cost figures
rébresent onLY.normal tﬁrnace care requirements such as

filter repiacément, minor burner adjustment, and so on.
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TABLE 5.1 AVERAGE ANNUAL GAS CONSUMPTION FOR
' * EDMONTON AND TORONTO

LOCATION AVERAGE AVERAGE AVERAGE
TEMPERATURE TOTAL GAS HOME HEATING
conngPTION CONSUMPTION
(HDD below 18 Q) (m~/yr) (m~/yr)
. _
Edmonton 27 .4 4270 3420

-

Toronto 19.9 3350 2490
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o
TABLE 5,2 ~ UNIT COST AND ESTIMATES OF SERVICE RECORD FOR EACH !
. TEST FURNACE, ' '
FURNACE UNIT COST SERVICE LIFE  MAINTENANCE COST
(%) (yr) (3/yrx)
1¢C Standard o000 20 10
1CG Conserver o - 1200 20 10
Alrxco ’Iqu_llo o 1500 . 20 10
1CG Ultimate 1650 20 10 ,
Lennox Pulse 2450 20 10
Amana Energy- 3150 20 10
Command
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Similarly, the 20 year service life reflects only typical
furnace longeVity Although newer furnace models are
generally more complicated than the standard equipment,,
little information is yet available regarding the
maintenance record and life expectancy of these designs, No
attempt therefore was made to account for the possibility of
unexpected operating expenses. '

. Estimates of annual furnace fuel consumption, based on
furnace éfficiency and the informatégn in Tabl®e 5.1, are
§hown in Table 5.3. Thé seasonal furnace efficiencie$ used
to estimate these values were considered to be those
measured uging the CAN1-P.1-85 test proce?ure. (Beéause'of

—

the influence of the uninsulated flue in Module 4, it was
felt’thaﬁ the field test values of efficiency were not g
~truely representative and that they would affect the
economics so as to strongly favor a ﬁid—efficiency design).
Also shown in Table 5.3 are the measured average steady
state electrical power cohsumptions for each test furnace
reflecting the differences in blower/blower motor gfficiehcy

and auxiliary power usage (electronic ignition, vent

bloﬁers, etc.).

— .

Table 5.4 lists the current (1986) natural gas and
elgctrical power-costs for Edmonton and Toronto as supplied
by fhe loéal utility and power companies.

Finglly, for use in the Internal Ratevof Return
calculations, an inflation rate of 4% was chosen as

consistent with the current average in Canada.
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TABLE 5.3 COMPARISON OF ENERGY CONSUMPTION ON THE BASIS OoF
FURNACE MODEL AND LOCATION

ESTIMATED - MEASURED

FURNACE G ONSUMPTION ELECTRICAL

EDMONTON TORONTO" CONSUMPT ION

(n?/yx) (n>/yx) (Watts)

ICG Standard: C . 3420 2490 | 380
ICG Conserver 3050 2220 390
Airco Turbo 2760 2010 280
ICG Ultimate 2490 1810 510
Lennox Pulse ' 2390 1740 . 360
Amana Energy 2410 1750 . 350

Command

* - The electrical consumptions recorded represent the
steady state condition. Electn101ty«¢osts which are
include in the annual savings found in Tables 5.5(a)
and 5.5(b) use these values anq an assumed on—cycle
of 25%.
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/ , ' TABLE 5.4 ENERGY COSTS (1986) . ., 7

X ~—

LOCATION ' NATURAL GAS .~ ELECTRICAL POWER
($/m~) ‘ (S/kW)
Edmonton ‘ 0.1037 0.0458.
| Toronto ‘ 0.2088" .. 0.0510

* -~ Toronto uses a scaling gas pricing system, The figure reoordgd
represents an average price when considering Cypical volumes

used for home heating.

Y
Y
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5.2 DESCRIPTION OF ECONOMIC EVALUATION PROCEDURES

]

'J; ‘ When a homeowner is' in the market for a replacement

"

furnace he is ultimately faced with the chOice of
installing either a standard furnace or one of the' many mid
te high efficiency models ayailable. Assuming that the ‘
choice of manufacturer is immaterial, the decision is‘simply
‘one of economy versus efficiency. Incremental economics werel
chosen ‘in order to highlight the implications of such a
decision where the‘evaluations would be made in terms of the
'differenceslin unit cost and‘periodic savings between|the

- standard furnace and the remaining test furnace

‘alternativesl

N

Described in the follow1ng are the two methods chosen

to represent the system economics.

-~

——

: PAYBACKlPERIODE- The payback period represents the time
,required for an investment to pay -for itself In terms of
‘incremental or comparative economics, the payback period 1Sv
best described as the length of. time required for the
differences in operating cost (cost savings) to just equal

_the difference in initial cost between the two investments.
. Fy

3

'Payback period is calculated as:

5

Initial Cost of _ Initial Cost of s
: the Alternative - "the Standard -

* Payback Period - , .
' ‘ Annual Operating Cost _ Annual Operating Cost !
of the Standard = of the Alternative. PO
. R V! o . ' "—:;.

(years)
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Payback period is an: approximate lather than exact h
. method of evaluating investment economics. It does not
| consider the time value of expenses and profits,inor does it
) account for the . effects-of inflation. It is therefore dften
‘ “difficult to define what is a reasonable or unreasonable

"payback period A 1onger payback usually represents a weaker

\ I

‘1nvestment yet it is posslble for such: an alternative to.,
provide the greatest sav1ngs over the fUQl llfe of the
iequipment As a backup to the payback analysis. therefore a
'second method was. chosen to present the economics of'furnace

< investment ,namely the method of rate of return,
. ) ' ' 1

|
4

|
t

+

INTERNAL RATE OF RETURN - The 1nternal rate of return is
‘51mply the apparent 1nterest rate earned on aeparticular
1nvestment If each of the cost sav1ngs occurring QVer the

\2h11 life of the investment are brought to an equlvalent

'
I

lvpresent worth their sum has the effect of offsetting the P

1n1t1al cost of the investment dependiﬂg,upon the choice of‘

[ foe

' interest rate .The particular valu%_of interest r?te causingi

- the adjusted sav1ngs to just equal this initial cost Ls?

| <4
known as the 1nternal rate of return. The internal rate of

r b

return therefore is a more precise and comprehensive measure
of economy which 1ncludes not only the dollar sav1ngs up to
the time of 'payback' but also those beyond.d ‘

For the homeowner, knowing the internal rate of return
‘ !

'_,greatly simplifies the selection process. If for example a>;‘l

homeowner were to borrow money to purchase a furnace, he

[ . . '
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would want the furnace to at least deliver a rate of return '
' greater than the interest he would have to pay on the loan.
‘Similarly, if theihomeowner were to pay for it from his

savings, the return would have to be 'something greater than

P

the rate being earned on the bank deposit A reasonable
internal rate of return on a furnace purchase therefore
would lie between approximately 6 and 14% Anything 1ower
'would be- considered a poor 1nvestment B T

5.3 ECONOMIC RESULTS - .

Tables 5 5(a) and 5.5(b) show the results of the

o payback and the 1nternal rate of ‘return analysls for

o Edmonton and Toronto respectively Overall the‘results .

' clearly sugges that the economics for furnace efficiency
1mprovement in Toronto are much more favorable than they are .
for Edmonton. The large differences in both payback period

3 and rate og return stem primarily from the corresponding
differences in natural gas price between the two centers.
Clearly, Aif- the climates between the two regions were more

N

i closely matched, even'greater benefits would exist under the

X}

Toronto pricing setup.

The results of the payback analySis strongly favor the p
purchase of a. mid-efficiency furnace. The results clearly
show that the differences In initial cost between the mid
~and high efficiency models are not at all compensated for by
the extra savings. Very long payback times, ‘as high as 12 ~
and 18 years in Edmonton, are shown for the high cost high fﬁ
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- TABLE 5,5(a) '+ INCREMENTAL GAS FURNACE ECONOMIC RESULTS (Edmonton)

FURNACE " INITIAL  ANNUAL ' PAYBACK  INTERNAL
‘ ' COST SAVINGS PERIOD ROR
RO $) . (¥xs) (o)
1CC Standard T 1000 - B .
ICG Conserver 1200 37 Woa5,5 18
Airco ’i‘urbo - 1500 ' . 75 6.5 14 )
; . R : ' : . !
ICG Ultimate . 1650 ~ 87 7.5 N 12
Lennox Pulse 2450 121 1200 6
Amana Energy *3150 118 18,0 1
Command ‘ : '

. TABLE 5.5(b) - INCREMENTAL GAS FURNACE ECONOMIC RESULTS (Totonto) .

FURNACE - - INITIAL ' ANNUAL PAYBACK  INTERNAL
‘ COST SAVINGS = PERIOD ROR
$) ($ * (Yrs) ()
.I«CG Standérd . 1000 | - | - ' -
ICG Conserver ~ = 1200  © 55 35 . . g7
Afrco Turbo' ' . . 1800, - 107 - 4.5 21
ICG Ultimate ~ 1650 . 132 - 5.0 20 |
Lennox Pulse: . 2450 172 .- 8.5 10
| Amana Energy - - 3150 . 167 . 13.0 5
Command P I \ :
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efficiency Lennox and Amana units reQPeCtiVely, “rff [ N

demonstrating poor economics. Though perhaps an uhrealistic

result, a relatively ‘short payback period is offered by the

ICG Ultimate (7.5 years for Edmonton, 5.0 years fOr

1

AToronto). Discontinuation of the particular model however

» ) '

has'caused the selling price to be artificiallyﬂlow'and
\ . ;1 u, !
therefore not representative of most other condensing\'

furnaces. The “upgraded- ICG Conserver and the mid efficiency -

Airco Turbo appear to display the best payback. economics

.~

‘ Payback periods as short as 3.5 years in Toronto are‘

A

possible as. shown for the ICG Conserver.

] Results of the rate of return analysis reflect the same

general outcome as those of the payback analysis even though

as discussed earlier, the rate of return analySis conSiders
the benefits over the f_l; life of the product In Toronto
the internal rates of return are favorable for the ICG .
Conserver,vthe Airco Turbo and ‘the ICG Ultimate, all being
20% or better. Only the /o] Conserver demonstrates
reasonable economics for' the Edmonton area with an internal
rate of return of 18% The Airco Turbo 1s marginal at 12%

The Lennox. Pulse and the Amana Energy Command condens1ng

furnaces do poorly in: both Edmonton and Toronto.
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5.4 LIMITATIONS OF THE,ECONOMIC ANALYSIS

1. The economics presented are based on the ICG
Standard measured (CANl P 1—85) seasonal efficiency of 67%.
If a lower value of between 60 and 65% is assumed as is

most often used in. such assessments the resulting economics

 may appear to be somewhat better.

2. The periodic SaVings‘shown here are further based on
a choice between a new standard furnace and one of the
mid or high efficiency alternatives., They do not represent
potential savings in terms of the performance of the "old"
furnace being replaced

- . / ! .

. . n ! ,

3. The economics presented do not attempt to incIude
p0551ble changes in eff1c1ency which may OCCur w1th time ‘as

the result of the level of care and maintenance of the

unit

R 4. The demanduplaced on' the furnace.will Certainly

affect the economics. While the results presented consider

only the average case, an 1ncrease in furnace load w1th1n
the capability of the unit brought about for example by
1nstallation in a larger home or a poorly insulated home '

will enable mudh greater savings.~

5. The use of a high efficiency furnace would

effectively eliminate the cost of constructing a vertical

’
\
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flue in new home cbnstruction.‘The‘écondmics presented do

not account for such savings.



CHAPTER 6

AIR TO ATIR HEAT EXCHANGER

N

Improved construction standards in the ho{l\ing industry

over the last decade have led to a vslgnificant improvement

in housing comfort and energy efficiency One aspect which
‘has been the focus of much attent:ron in this regard has been |
the potential for reduction of unnecessarily high levels of
air 1nfiltration. The result has been a new generation of
what has been termed tighter house construction. While 3
_obtaining the objective of reduc1ng energy loss reductions
in air 1nfiltration levels have pr301p1tated a number of ‘
*clear disadvantages. Concerns over indoor air quality have,'
been expressed suggesting that insuff1c1ent ventilation
would lead to the p0551ble build—up of unsafe levels of
certain toxic gases either naturally occurring or man-madeh
related to building materials. LeSs serious but perhapsihore
aggravating have been the problems associated with
unpleasant odors and the excessive build-up of moisture

within the residence resulting in condensation on the many

108 ERER
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‘cooler' surfaces in the home (doors, windows, etc.). The

intfoduciion of the high effiéiency furnace has further

'

»compéunded such problems, The reduced consumption (and

hm

subsequent,expulsion) of indoor air for combustion has in
many situations made critical the need to supply induced
ventilation. |

Such ;wneea has led to the development and pgomotion of
the residennial ‘air to air heat exchangerA At relatively low

cost to the homeowner, the use of these units has been

icladmed to effectively provide the necessary vent1lat10n

‘

"

A

requzrement apart from the normally ‘large losses of
associated heat.energy. | | |

eThis section will priefly examine one aspect of
performance of a typical residential air to air heat

exchanger, namely the evaluation of the rate of cross.

»cpﬁtamination of opposing air streans as a function of flow

3 'a$ W

restriction or back pressure.’ o {
i ) i ' a;{(“

I4

6.lfDESCRIPTION OF THE HEAT EXCHANGER

The unit chosen for testing was a Canadian made VanEE

.2000 Series Heat Recovery Ventilator. The unit is designed

1

. ‘F‘ v

to prb?idé‘venxilation and the simultaneous recovery of
enargy from the exhausting (indoor) air stream. The heat

exchanger is of cross flow configuration utilizing a

st
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polypropylene core. The manufacturer of the unit advertises
- low cost, effective ventilation with as‘high as 82% heat

recovery .

6.2 TEST’APPARATUS AND METHODOLOGY

A ‘'double loop' test apparatus was designed and built
which would accomodate and isolate the two air streams
independently. The system was designed to enable operation
and testing over the full range of capable flowrates (85 to
220 cfm). Each loop was made from 15 cm (6 inch) diameter
ABS plastic pipe. A 10 ¢m (4 inch) plate orifice meter was
fitted into each loop to be used for evaluéting thevvolume
flowrates. Using a traéer gas analyser, the rates of decay
of a tracer gas concentration in either or both streams
could be used to determine the level of'sysfem leakage
and/or cross contamination between the two air streams.
Figure 6.1 is a photog;aph of the test apparatus.

Initially,"a‘tesé was performed to determine the
'leakage from the ventilator case. (During their manufacture,
extreme cate was taken to. ensure tﬁat no ieakage wéuld occur
from the fabricated test loops).IWith both loops closed and
thé heat exchanger in operation, an equal céhcentration of
tracer gas wasﬁgstablished in both loéps and allowed to

decay while being continuously monitored. The test was

'fepeated at high, medium, and low fpeed settingsz
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JURPORPISIRRIEIS ™ 27 2"

. FIGURE 6.1 Heat Exchanger Testing Apparatus

. . "
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oorresponding to flowrates of approximatoiy 200, 160 and 100 -
cfm. Decay time constants were then evaluated and used,
knowing the volume of each loop, to éstablish the system
leakage rates . C N

To test for cross contamination; the fresh air loop was
opened up allowing it simply to circulate room air. Figure
6.1 actually shows the test apparatus with the fresn air
loop open, wlth‘the heat exchangervoperating, the traoer gas “
was introducea only into the closed exhaust loop. The rate
of concontration decay was again monitored continuoosly,‘Aq
' each of the three nominal speed sottingoﬁ the test was
repeated while progressively blocking the intake-side of the
open loop thereby imposing a preséure differonce across the
‘heat exchanger core. Again the decay time constants were
evaluated and later used to determine the apparent rates of

-

cross contamination.
«

6.3 HEAT EXCHANGER TEST RESULTS

' Table 6.1 shows the observed rates of casing leakage in
conjunction with the closed loop airstream flowrate for the
three nominal blower speed settings. Notice that these
leakage rates are very low at 0.10, 0.07 and 0.05 cfm,‘
consistently representing approximately 0.05% of air stream

flowrate.

Fiéures 6.2, 6.3 and 6.4 show the relationships
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TABLE 6.1 AIR-TO-AIR HEAT EXCHANGER CASING LEAKAGE RATES.

n

-~ .
~ NOMINAL FRESH AIR LOOP EXHAUST LOOP ' CASTNG
SPEED SETTING FLOWRATE FLOWRATE . LEAKAGE
(CFM) - (CFM) - (CFM)
FULL 187 191 . 0.10
MEDIUM . 137 150 0.07
LOW $ 89 . 94 0.05
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observed between cross contamination and pressure dlfference
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(flow blockage) for each of the three speed settings. The

'illustrated Ccross contamination rates are calculated as the

)

‘observed leakage rates minus the system leakage rates.,In»

each figure, as expected the maximum rate of cross

'"7contamination is shown to occur at the max1mum pressure

difference ] posed on the system, namely that resulting from

the complete blockage of the one stream (approximately 0.25 ..

1nches-of‘water); However, even under this condition the
cross oontamination rates were found to be consistently very
low at approximately 1 cfnm, representing 0. 5% of the maXimum
airstream flowrate and approx1mately 1.0%. of the minimum
rate. These results would . indicate highly effective
separation of the’ two;airstreamSu‘Losses in heat exchanger
effectiveneSS and Qhe‘pOSSibility of'recirculation of
airborn pollutants'resulting'fromrcross contamination ratesAu
of this magnitude would be conSidered negligible.

Also shown in each figure are the air’ stream flowrates

iin relation to the pressure difference and resulting cross

jcontamination. The predictable result is that as the fresh

li

F‘air loop is progre551vely blocked off 1ts volumetric

flowrate is reduced Notice however the moderate 1ncrease 1n‘

the closed exhaust loop at- the Medium and Low settings as

1dthe blockage'is imposed. As the reduction in pressure on the_
_fresh air side reduces the load on the fresh air blower

pmotor, the current draw is shifted to the exhaust side
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blower causing its speed to increase somewhat.

The fact that low levels of cross contamlnation were

* ’
[

_ observed durlng testing does not negate the need to balance
the system flows in a typical application In fact the
V:balancing of. alrstream flowrates is essential for achieving
‘efflclent transfer of energy between the air streamsﬂ The
‘1nstallat10n manudl accompanylng the VanEE 2000 1n a number .
sof 1ocat10ns, stresses the importance of balanclng the flows
for thls reason. VanEE even provxdes its dealers w1th
equlpment for use on ;“lban basis deslgned spec;f;cally for

N I

measurlng flows and thereby assistlng the balanclng of the'

" 3
streams.
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ON STIONS

A

1. The seasonal efficiency of the ICG StandardAfurnaCe'

-as measured both in the field and in the laboratory was

found to be higher than expected.: The CAN1-P.1-85
laboratory test procedure predicted'a.seasonal “‘
efficilency of 67% while the field tests /de’iivéred an
apparent seasonal'value of between 70 and 72%. The

¢

ivalue normally quoted for a standard furnace ‘is between

"50 and 60%.

While the field test valueiappeared to be

lartificially high because of additional energy gains

‘occurring beyond the heat exchanger in the uninsulated

flue pipe section, the value is perhaps'typical of . most

‘standard furnace 1nstallations.'In v1rtua11y all such ,
finstallations, depending upon the location of the

furnace with respect to’ the flue stack some length of

uninsulated connecting pipe is required necessarily
resulting in similar external gains.»Excluding these,.

,;19,

[

4
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'~ gains, the 67% laboratory result. could be viewed as an
approxlmation to the min1mum obtainable seasonal valueq
| The high seasonal efficlencies observed according to
- both the field and laboratory tests for the standard
furnace are 51gn1f1cant because they dlrectly reduce'

‘the economlc attractlveness of the hlgher efflciency.

models ‘ > - o ‘ A

2. Because of the addltlonal energy recovered from the
unlnsulated flue plpe sectlon the Alrco Turbo appeared
to perform nearly as well as the hlgh eff1c1ency modelsi
'.1n the field tests. ‘As well as the sensxble gqins
‘occurr1ng beyond the heat exchanger, latent heat was
belng recovered as the flue gases were cooled to. below "
the local dewp01nt Though advantageous from an h
.efflclency standp01nt the occurence was'’ demonstrated

to be! hlghly unde51rable. Because of the ac1dic nature

'; of th condensate 51gn1f1cant corrosive da"ge was

observed withln the flue section after only 4 months of:
goperatlon. Such damage would both 1ncrease maintenancep
f'costs and make operatlon hazardous. Furthermore, the
ppotentlal would ex1st for 1neffect1ve ventllation of
flue gases because of the 1arge reduction in flue gas ;

\ ?
volume. ’

T, D LR e
- 3. For the high efficiency furnaces, seasonal' values
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observed'under‘actual field operating‘conditions'were
‘found to‘be highly consistent with those predicted by
‘the proposed CGA seasonal efficiency test standard
. CAN1-P.1-85. Evidence from these results suggest that
the seasonal test standard could be used to make

{

accurate representatlon of real furnace performancer
nssum}ng that no external gains would occur as the
,result of the partlcqlar installation, a prospective ‘
furnace buyer could justifiably use’ such a measured |
value as a dependable basis for both comparlng furnace

performance and assessing potent1a1 savlngs

- Lo~

4. The steady state efflc1enc1es measured according to
the CANl -P. 1 -85 ‘seasonal test standard were: found to be
significantly lower than the nameplate markings for the
.“three lower efficiency furnaces namely the IcG |
‘Standard the IGG Consgiver and the Airco Turbo. While
‘the nameplate efficiency ratings were.llT—J?—and 84%
.respectively, steady state\efficiencies measured
_-according to the test standard were found to be 1_‘ 69
and 81% This signlficant discrepancy was assumed to be
due to reduction in burner performance because of the
‘change in altitude. The steady state results measured
‘for the remaining units, the ICG Ultimate,vthe Lennox |

-

~’Pulse and the Amana Energy cOmmand were consistent

pore]

_lwith the claims made by the manufacturers.
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1. The use of‘a piiot flame was.found tc increase the
gnatural rate of ‘air inflltratxon in, the test structure
by approximately 25%, ' The 1nf11trat10n rate was |
affected because of the higher flue gas temperature and

the corresponding increase in stack buoyancy

2. Significant reductions 'in air infiltration apd (

| correspondlng energy loss were obtained by installlng a

';furnace that largely reduces the off-cycle flow of room‘

et

s . air up the stack In the case of the ICG Conserver and

1ts test structure this represented a drop in

"1nf11tration of approx1mate1y 35% and a reduction 1n ‘

-~

total structural energy load of approximately 7%.

Furnace Economics

i

1. It is’ more economical under most 51tuations to !

n'purchase ‘an upgraded standard of mid effiCiency furnace‘r
_than a high efficiency model The extra investment ;"
nrequired to puﬁghase a Qigh efficiency furnace is in ;

ﬂgeneral not adequately cempensated for by the extra

S | N
e savings. L'-'_v ,\ CN
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2. The economics surrounding furnace efficiency

!
‘improvement for the Toronto area are much more

favorable than those for Edmonton. This is primarily
due to the difference in natural gas price between the
two centers (approximately 10 and 21 cents/m

respectlvely)A

3. The .economic results and conclusions presented
represent average home heating requirements. Under
certajn conditions ,where the heating demand is much
higher, suéh{as in a very large home or poorly .
insulateqd home ‘periodic savings may be SlgniflcaREIY>
greater. Dependlng upon the level of savlng,/thls :

situation’ wpuld necessarlly increase, the attractlveness

of the high efficiency alternatives. o~ P

1'{ & -

1. The maximum rate of cross contamination was found be
(XS B

flimited to'approximately 1 CFM at'the quimum pressure
.difference established across the heat exchanger core

. of 0 25 inches of water resulting from thq‘complete

blockage of the-open fresh.alr stream. The rate of

iﬁ;éross contamination represénted approximately 0.5% and
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1.0% of the maximum and minimum air stream flowrates
respectively. Such low rates would suggest negligible
influence on the thermal effectiveness of the unit and
minimal likelibood of recirculation of airborne

pollutants.
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APPENDIX A

MODULE 4 ENERGY GAIN OCCURRING FROM THE UNINSULATED SECTION
OF FURNACE FLUE CONNECTING THE FURNACE TO THE B-VENT STACK.

BLE G

Estimation

the room.

~
N

of the sensible energy gains arising from the .
uninsulated pipe section is done by performing an energy
balance on the system which equates the energy. loss of the
flue gases with the radiative and convective transfer to

‘ ‘The calculations which follow are based. on
temperatures and CO, levels recorded for the Airco Turbg.’
The pipe is galvanized steel: 10 cm diameter by 2.5 m T

‘ong.

1. First determine the mass flowrate of air involved ln
the combustion reaction. The approximate natural gas
composition (provided by Northwestern Utilities Limited,
Edmonton) is: .

- CH, - 88%

The resulting stoichiometric equation. is:

-88CHy + .073CyHg + .047C3Hg + 2.250, + 8.46N, =

1.17C02 + 2.17H29‘+ §.46N2‘”

Assuming zero percent CO in the flue gases of thé actual
reaction, the following equation applies: :

% Theoretical Air = 1 + (P/A) ((X = XCO,)/XCO,)

where

P/A

the ratio of moles of dry constituénts in

the flue gas from stoichiometric.combustion
to the moles of air required for complete
stoichiometric combustion. - ' '
(1.17+8.46)/(2.25+8.46)

0.899 . S

the percent stoichiometric flue gas CO2 =
1.17/(1.17+8.46) . .
12.18¢ - - - ﬁ
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i

xcoz'é the measured flue gas CO2 concentratlon
' = 6.7% ¢ -

Iy

. . therefore:

$ Theoretical Air = 173% . X ,‘

-

-

. Knowing the rated furnace 1nput the higher heatlng value of

the fuel,

the stoichiometric air/fuel ratlo, and the %

theoretlcal alr, the mass flowrate of: air ;s determlned

mair = 20.2 kg/h

Ll

2. Perform the energy balance in order to. determlne‘the flue
temperature at the exit from the uninsulated section (the
thermophysical properties of the flue gas are assumed to be

those of

’anin =

- where

air).

m*Cp*(Tinlet T Toutlet) = U*A*(Tpean = Troom)

ngain-= heat'%ranefer’to\the room
Tinlet = 170‘?¢ (measured)

Toutief‘“ 100 °c (measured)"

. = Q " ' ) ] ’ N
‘Troom , 21 c - o . . ¢

o
' Tﬁean _ (Tinlet + Toutlet)/z =.135 YC ..

°p.

'A = 0 8 m2

= 1015 J/kg°C

U ‘- effective heat transfer coefflcient
per unit. area. : : ‘

“J.I\‘ ‘1» v. v ! : 1

Direicde . T Nouteide. .
jco%ggégive ‘ U c8%52é€§ve j ,ngigéggn

-
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i - Inside convective heat‘transfer coefficient:
Velue gas = mair/(f’air * Ay) = 0.8 m/s
where ‘Ax - pipe cross-sectional area
Reg = V * d / v = 3000

On the Airco Turbo, a fan is used to expell the
flue gases. This fan adds turbulence to the flow
producing an estimated 100% increase in the
‘effective Rey. Therefore; a value of Re;=6000 will
be used to estimate the interior convecgion heat
transfer coefficient.: .

hinsi ev = (O 023 Redo 8 Pro 3) ~ Kk / d
convective

= 7.3 W/m? c
| A
An estimate of the radiation heat transfer from the

. flue gases to the inner pipe wall shows this mode to
contribute only 10% of that due to convection

u

ii - Out51de convective heat transfer coeff1c1ent
(assuming laminar free convection): ‘

\u

outs% 1.32 * ((Tya11 - Troom)/d)**0.25
convec ive, : _ .

= 6.5 W/m c
iii - Outside radiation heat transfer coefficient'

P 4
3 % =o€ (Twall T Troom )./ (Twall room)
xradiation = | , o

© where & =,5[559(10)‘8”w7m, W
e = 0.3
= 2.3 W/m?

hoytaide.

L .

'tﬁerefOre:3 U= 4 Wm?

l P o
. . v A



 Solving for Qsensible?l
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~ .

Solving for T : S . ‘
out Tout = 100 °c (this result was confirmed '
during actual test runs)’

3. Having detérmined the outlet flue gas temperature,
reapply the temperature to obtain an estimate of the
megnitude of energy recovered by the room: '

0.4 kW

e

Qsensible =

The apparent increase in. furnace eff1c1ency ar151ng from

vcalculated sen51b1e gains is:

fincrease = 0-4 / 18

. =ﬁ2l.5%"‘
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B. There is additional recovery of latent energy due to the

132

partial condensation of watet vapor from the flue gases. To -

show that this is possible, knowledge of the local dew point
temperature is necessary: : ‘ T

) oG
[t

" (8

Knowihg the‘napurai gaé‘COmposition and the theoretical
air supplied,‘the reaction equation may be calculated ‘as:

-88CHy + .073CHg + .047C3Hg + 3.890, + 14.63N, =

1.17€0, + 2.17H,0 + 1'6462,+ 14.63N, . o

- The partial pressure of the water vapof presént}in the
flue products is: , ‘1‘ ' . , :

‘ 2.17 + 100 o -
1.1742.17+1.64+14.63 1 ' kPa | 11 kPa

.
‘.

‘The due 'point teméefature‘hay then be found from steam .

tables as:

. . _ «n o
"V\Tdew point -_‘50 ¢

| Measurements made at ‘the entrance to the B-vent, for the
Airco Turbo showed that the flue gas temperature reached a

maximum of 100°C in the 6 minutes of continuous burner

.operation occurmsing during a typical.cycle. The same '

. measurements hbwevsr,»indicAteg that the B-vent temperatures
"werevlower‘than 50°C ‘
. warmup time'indicatipg‘;hgtj¢¢ndepsation,wasfin,£act

C for approximately one half of the’
occurring.

'ASSuming'thatst%jdf.tﬁé Qéter.VapbdtUWaslcohdéﬁéing?iﬂv

‘one half of the difference between 'the higher and lower

L

- heating values ' or the fuel. For pure methane, the higher

" - the flue, the extra energy being recovered. would be equal . to e

heating value .is 10.6% greater than the lower heating value.

in¢reasé‘pgeﬁgppa;entﬂgurnqcexefficiencyjby 5%ew Q' .

| . . . o "\L, x‘

‘This ‘level of moisture_cOndensatidn;“therefdré,,wculd‘:fvg L



