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INTRODUCTTON
The steady state efflclency of gas flred resldentlal furnaces is usuallyassumed to be about 751. Another 5t crecit 1s glven for heat recovered from

ls lnstalled ln the heated space.
ed on the furnace name plate normally
burner can achleve equally hlgh
loads seldom require the furnace tontlaL furnaces are normally controlledln an on/off mode. concern for fuel conservatlon ralsea questtons äbout,(f) the appllcablllty of t.he steady state furnace efflciericy to descrlbe theoperatlng efflclency of the whole heating system, (21 the aierage seasonalsystem efflclency, (3) ldentlflcatlon of-thè factors whlch lnfluence s€ôsoneflefflclency, and (4) means to lmprove lt.

ì
Bonne- has descrlbed a computerlzed combustlon modeJ. for computfng theseasonal stack losses from a cyctlng resldenÈlal furnace. the moãel eñploys thedynamlc heat transfer characteilstlðs of the furnace, the fuel propertlãs, themeasured combustlon condltlons, the lnflltratlon characteristlcs of the house,ald : weather proflte. The model computes the fuel consumed durlng t¡" 

""-pãriodsof the burner and compares lt to the énergy lost through the stack. The weatherprofile 1s used to calculate furnace Ioadõ- and the wetitrtea average stack lossesr descrlbes the experimental technlquesrs on lnsÈalled heatlng systems. ltlthheatlng eystem can be computed. The
stem modlficatlons can then be predictee.
ons are presented ln a companlon paper"z

The parameters to be measured are dlvfded lnto tvro groups. The furnaceparameters descrfbe the characÈeristlcs of the furnace r[sefi. The systemparameters refer primarlly to the lnflltratlon characterlstlcs of the house.
FURNÀCE PAR.AT¡IETERS
Nlne of the parameters to be determlned are assoclated wlth the furnace asshown in TabLe I.

we must be able to predict the percent operating tlme of the furnace forany indoor,/outdoor temperature diffeience. tiris preãiction can be made in twodifferent ways. If we observe the percent on time for the furnace at someparticular outdoor temperature then rire can compute the balance point temperature(outdoor temperature that would require contlnuous operation of the furnace) for
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the furnace from Eq. t.

where

Is = Þ.l"nce polnt temperaturet'^ = rndoor temperature
Ti = outdoor temperature
E = furnace load or t on tlme

once the balanee polnt- temperatul" l: known Eq. r ean be ueed to compute thefurnace toad ar any other indoor,/outã"är-[ä*f,ãrature dlfference.
À second method, and perhaps a preferred method, for computlng thebalance polnt is glven UV ÈS. ã.

TB-To- (r)

(2tT"=65 -F'D.!eF
a n

where
F
D

FI
n

= flrlng rate per day
= heatl.ng_degree dayã per unlt tlme= actual fuel consumed per unlt tlme

î"" = steady st
system efficlency
ate system efflclency

= seasonal
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Flg. 3 ehowa the Èechnlque used for mesaurlng the combugtlon and etack
dllutlon alr flows. A methane tracer technlque traa employed. Durlng the burner
off perlod nrethane was lntroduced lnto the combustlon chamber. The concentratlon
of meÈhane waa sensed wlth a non-dl,speralve lnfrared anall'zer elther at the flue
outlet or ln the etack. The air flow fa equal to the meaeured methane flow
dlvlded by the concentratlon at the detectlon polnt, Eq. 3.

e = ("0) (3)

(6)

tracer

The difference ln flow at the flue outlet and In the stack ls made up by
the dllutlon alr enterlng the draft hood. Drrrlng the on-perlod the draft
dllutlon alr can be measured by lntroduclng the methane tracer at the draft hood
and meaeurlng the concentratlon ln the stack. The air flow through the combua-
tlon chamber durlng the on-perlod can be computed lf the oxygen concentratlon
and unburned hydrocarbon concentratlon la meaeured at the flue outlet. Thus
eombustlon alr and draft dilutlon alr flow can be measured both durlng the on-
perlod and off-perlod of the burner. Theee are gteady state valuee. the
computlng model then modlfles these steady state flows wlth the translent
temperatures to compute the tranelent flow.

The translent temperaturea of the flue gases must be known ln order to
compute the energy losses. Theee temperatures are easlly measured with a
thermocouple and recorder. Care must be exerclsed to avold radlation errors,
however. The temperature rlse or fall can be descrlbed by an exponentlal
functlon as shown ln Eq. 4.

(T - To) = (T*- To) (t - e-tlÎ) (4)

where
Lnstantaneous temperature
lnltlal temperature
equl llbrlum temperature
tlme lnterval
tlme constant

Eq. ¡l can be rearranged Èo determlne the tlme constant,
t

(s)

ño_t-cr_

ln
T

T

If the natural logarlthm ln Eq. 5 ls converted to log base I0,

mo
m

-l

j

logro
T-Tmo
T-T

m

I

I

)
the slope of the functlon plotted on semi-log paper will be proportional to
the tlme constant. The data for a typlcal case are shown in Fig. 4.

Eq. 6 shows that at time t=0 and T=T^ logr^ of the temperature parameter
would be unlty. Thus a slngle time constänt cöütd not describe the data
presented in Flg. 4 very well. À welghted, two time constant function given
by Eq. 7 can do a much better Job.
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'The very rapld lnltlrl t.mpenture rl¡oof the garo! ln thc combu¡tlon chamber.

SISTÞM PÀRÀMETEN
The bulrdlng lnflttrttlon characterlutlcs and operatlng temperatures muat bedeflned also- theee 'y'tem parametera are lrsted ln Table 2.

rf there Yere no staek, 1.e., an electrlc-teated house, there would etlrl
use and an equal flow of exflltrarlon

ratlon. To make a falr aseesement ofrmlne what the contrlbutlon of etackcan be done by meaeurlng the lnflltra_oged, wlth the burner oif and the

The term 0 ls used as a welghtlng factor ln the computatlonal model tolntroduce thls infl'uence of staci erow ãn-Inãr""""d tnftitr"iton. rt ts deflnedby Eq. 8:

0 (8)
yhere

Q, = lnflltratlcn flow rate, stack plugged

Qí = rnffltratlon flow rate, stack open
O" = average stack flow rate,burner on or off

À methane tracer and an rlf5grect.analyzer were found to be qulteeffectlve for measurlng the lnftttratr"" ãúãtacterlstlcs of the houee. Thee at e controlled fl.ow rate waa lntro_heaÈlng Bystem. The concentratlon wasoH waa alloyed to contlnue untll theparta per mllllon. Àfter whlch thecay ln concentratlon túas recorded as a

I'he questlon of how wel'l the tracer is dlstributed can be answered from
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the tracer la not well mlxed at the
oncentruÈlon meaaured vlll be €1th€rcentratlor: 

- ÀB- tlme progr€area mlxlnguld reflect both tne fnetttrai,lon ratea curve on the seml_log plot of Flg. 6tlon rate have the same-tlme conetañt.the flrat 15 or 20 mlnutea of the decaytlng untll thla perlod pasEeB ylelda

The concentratlon of the methane followe an exDonentlal decay. l{hen thl¡concentratlon is plotted on a semllog-pto9 agatnst Llme the alope'or ir¡ã rinãbecomes the tlme constant. The actuãl- lnflÌõratlon flow rate then la thevolume of the house drvlded by thrs tlme cãnsi"nt, Eq. 9.

oI

t63

(e)

Fic' 6 showe the log of the concentratlon plotted vs tlme for the threecondltlons of lntereat. Àlthough the flow iàte ct¡ange when the burner 1sturned on and when the stack is open le not i.rg", lt ls measurable.
RESULTS.

shown ln Table 3. It ls seen that

Burner air lnlet temperature and outdoor temperature are readlly measuredby conventlonar means. rÉese parameters then provlde ttre aãattlonal syatemlnputs necessary t'o make use oÈ the stack ross moder.

whire these resuìts are someurhat superflclar, they are presented tolllustrate the klnd of results that can Ëã-ããùi""ed wtrh sonñåïlI"Jl]"i"ro""model uslng the measurement methods a""criuãã to obtaln th;'n""."""ry lnputparameters.

CONCLUSIONS
l{e have shown the measurement techniques that can yleld the parametersnecessary to make use of the stack toss mo¿ãi rn 

"örpuùinô-tñ" 
geasonar



ng !y!tems. The methode lcnd them_
ln flve dlfferent housea. There ls a
he household and å set of ¡nea¡urementE
aaurement technlgue la deacrlbed aet can be used wlth other eysteme lfnìeånB are provlded for good clreulatlon wlthln the Btructure when-maklng thetnflltratlon measurements.
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, Tabls I
FURNÀCE PARÀ!{ETERS

Furnace Load at onc outdoor temperature
Cycle tlm€ at one furnace load
Fuel flow and hesting value
Combuatfon chamger off-perlod flow
Draft hood on-perlod flov
FIue heatlng/coollng tlme conatanta
Clrculatlng fan,/pump llm1t ewltch Bettlngg
FIue oxygen
Flue combrlgtlbleg

Table 2

SYSTEM PÀRÀI,IETERS

I Bulldlng lnflltratlon rate
a. Burner on

b. Burner off, atack open
c. Burner off, stack plugged

Burner alr lnlet temperature

Outdoor temperature

2

3

Table 3

CONTRIBUTION OF STACK FI,o}I TO INCREÀSED INFTLTRÀTION

Stack Burner
1

åM1
o{

cffii 0

Plugged
Open

Open

off
off
On

I45
r3I
I2I

165

t83
t98

0.35
0. 52
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Item
Measured Input Data:

Table 4. IYPICÀL RRSULTS

Unlts No I No. 2
äouse

NO f No. 4 No" No. 3 Ca¡ncity
Reduced

5

lype System

Firing Rate - Burner
pilor

Heated Àrea
Cycles at 50t Load
Fan or Pump Setting

on/of¡
Equitib. Flue Temp.r
l.lin. Flue Temp.

Flue oxygenr
Flue Combustibles
Flue Draft Factor
Draft Dllutlon Factori
Infi ltration

Factor, O*

Outdoor Tenrp-

Àverage l{ind Speed

CÀLCULÀTED RESULÎS:
Balance Point
Seasonal Efficiency

r Measured at,
**Àssumed

Gas
F¡{À

120,000
t, 100

5l
7L

6

Gas
FlrÀ

95, 000
900

BÈu,/hr
BtuÆr
Sq ft.
Cl¡cles,zl¡r

o¡

op

o¡t

¡
¡
¡
I

9 4, 000
t, 000

l, 800

l-6
L40/9O

575

95

6.45
0

I00
165

80

20

5

54, 500
900

I,520
6

L40/90

340

90

6.8
o

100

t00

164,000
0

2,800
L -25

L50/90

7L2
68

6.0
0

4l
I25

100, o00
0

2,970
6

Lso/9o

519

68

8.0
0

37

8

80

L2

6

-88
?3.4

Gae
FflÀ

Rot. oil Gun O11
FHW FIfÀ

Gas
FrrÀ

c
o\

2, loo
6

LsO/eO

600

t00
6.46

0

t00
120

L,520
6

l40/9o

530

90

8.0
0

100

62

¡
oF

Mph

70t*
50

6

70**
l8

6

70**
50

6

-97
59 .6

or corrected to outdoor temperature

o¡
t

-tl8
6t-3

-145
57 -2

-169
63. 5

-42
7t. 5
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